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ABSTRACT

Theapplicationofpercolationtheorytotheanalysisoflarge-scalestructuresinthe

Universeisproposed.Itisfoundthatthepercolationanalysisisan Cffectivemethodin

thatitcandiscriminatenotonlythegeometrybutalsothedirectionalityofstructures･

Thismethodismorepowerful,ifitiscombinedwithFractalanalysis(twoIPOintcorrelation

function),nearestneighboranalysis,andpairseparationanalysis･

Ⅰ.INTRODUCTION

Now,basicallyspeaking,Wehavethreekindsofmechanismstoformthelarge-scale
structuresintheUniverse,thatis,thesoICa.liedpancaketheory(top-downscenario)(Zel-

dovich1970),thehierarchicalclusteringtheoryL(bottom-upscenario)(Peebles1980),and

theexplosiontheory(OstrikerandCowie1981;Ikeuchi1981).Inthepancaketheory,at

丘rstalarge-Scaletriaxialdensityauctuationcollapsestowardthedirectionofthes110rtest

axis,SOtllataPancake-likegaseousprotoclusterisformed･Thispancakefragmentsintoa

numberofgalactic-scalelumpsandalarge-scalestructureofgalaxydistributionappears･

Inclusteringtheory,thestructuresformsequentiallyfromthesubgalactic-scaletothe

large-scalebythegravitationalclustering.Ontheotherhand,intheexplosiontheory,
large-scalestructuresareformedbyanon-gravitationalmechanism,thatis,theblastwave

duetoexplosiveenergyrelease.

Atpresent,wehavenotyetcometothe丘nalconclusionwhidlscenarioisthereal
history.Itisinpartbccauscwehavenodecisivewaytoanalyzetheexistingstructures

preciselyandquantitativelyandcomparethem withwhatisexpectedineaclltlleOry.

Thetwo-pointcorrelationfunctionhasbccnsofaroneofeffectiveprobes(Totsujiand
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Kihara1969;Pecblcs1980).Inaddition,thenearestneighbordistributionwasusedas

astatisticalquantityincludingnotonlytwo-pointco汀elationbutalsothehigherorder

correlation(White1979)･Thesemethods,however,presentjusttheaveragedinformation

concernlngthegeometry.Theotheraspectssuchasdirectionality,alignment,elongation,

andsoon,aresmearedout･Bahcalleial.(1986)proposedanothermethod,i･e･,thepair

separationdistribution･Thisanalysisextractsprimarilytheinformationconcerningthe

systematicelongationinacertaindirection.

RecentlytheFractaltheoryandPercolationtheoryattractmuchattentioninsolid-

statephysicsandgeophysics,becausetheycananalyzequantitativelythestructureswllich

seemverycomplicatedatfirstsight.Itispossibletoapplythesetheoriestotheanalysis

oflarge-scalegalaxydistributions.Here,IproposeanapplicationofsuchtllCOriesand

comparetheeffectivenesswiththatofpreviouslyproposedanalyses.

ⅠⅠ.SEVERALANALYSES

a)Two-pointCorrclalionandFraclal

Thetwo-pointcorrelationfunctionhasbeenoneofmajoranalysesoflarge-scalestruc-

turesintheUniverse.Itisoftencxpresscdintermsofapowerlawas

E(r)～Ar-7

(TotsujiandI(ihara1969;Pcebles1980;DavisandPeebles1983;BahcallandSoneira

1983).Thepowerindex7is-1･8forbothgalaxiesandclustersofgalaxies,whilethe

amplitudcsarcsignificantlydifferent,thatis,AG～ 20forgalaxiesandAc～ 360'for
clustersofgalaxieswhen㍗isinunitsofMpc･

Suchtwo-pointcorrelationisrelatedtotheFractalasfollows.Whenastructureis

Fractal,themassornumberwithinris

〟(㍗)-crか,

whereDiscalledFractaldimension,whichisoften.non-integral.ⅠnaFhctalstructure,
thedensityataradius㍗is

p(r)-(;)rD-3
0ntheotherhand,theaveragedensitywithinaradiusRofthesampleis

p(R)- (芸 )RD-3
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Thereforethetwo-pointcorrelationfunctionis

D
e(r)-与-1-3IP (芸)か~3-1･

IfE≫1,then

E(r)cyArD~3,

whereA-DR3~D/3.Thismeansthatもhepowerindex70ftwo-pointcorrelationfunction

isrelatedwiththeFractaldimensionDas

7-3-D.

Theabove一mentionedpower7-1.8forgalaxiesorclustersofgalaxiescorrespondstothe

FractaldimensionD-1.2,whichisintcrmediatcbetweenplaneandfilament.

Thetwo-pointcorrelationfunctionturnsouttobeagoodmeasureforthefundamental

geometryofstrllCture･Furthermore,CalZetticial･(1987)pointedoutthatifourUniverse

isFractalfromgalactic-scaletolarge-scale,thentheobserveddifferencebetweenAGand

Accanbeaccountedforintermsofthediscrepancyofsamplereg10nSizeInyafactor

-5,becausetheamplitudeisdependentuponRasseentheaboveequation.

b)NcaresiNeighborDislribulion

Thetwo-pointcorrelationfunctionincludesnoinformationonothercorrelations.The

nearestneighbordistributionincludesallordersofcorrelations･Itisde丘nedas

g(r)-k N(rnn,r),

whereN(rnn>r)isthenumberoftestpointswhosedistancetothenearestsample

exceedsr(White1979)･Ti1isfunctiong(r)istheprobabilitysuchthatnosampleis

involvedinareglOnWithin㍗:

g(r,-expl,i車〟-/E,･(xl-･X,･,dVl･--,･],
wherenisthemeannumberdensityandEJ･isthei-pointcorrelationfunction･Insteadof

g(r),thefunction1-g(r)maybemoreconvenienttoseethestructureintuitively･For

exam ple,abarstructurecmbeddcdinalow-densercgiongivesapowerlaw1-g(r)a rA

withA-2.AnisolatedsheetstructureglVCSA-1.
●
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Thenearestneighbordistributionisanothcrmeasureforthegeometryofstructure.

Especially,thisisan effectivewaytoprobethehigh-orderclusteringandlargevacant

regions(White1979)･

C)PairSeparationDislribuiion

Theabovetwomethodsare,fundamentally,measuresforthegeomctry･They,however,

don'tinformusoftheelongationanditsdirectionofstructures･Bahcallelall(1986)

proposedanattractivemethodIi･e･)thepal一SeparationdistributionIwhichgivesthe
informationconcerningthesystematicclongationinacertaindirection･Theyanalyzedthe

projectedseparationsofal1samplepairsonα,6directionsandalineofsight,respectively,
andfoundthatlarge-scalestructuresaresystematicallyelongatedtoalineofsightbya

degreeof～1400kms-1inclustervelocitydispersion･

d)Pcrcolaiion

Theconceptofpercolationhasbeenusedinawidevarietyofsolid-stateorgeopllyS-

icalcontexts(St,auffer1985).Forexample,itisknownthatinan infinitemediumthe

conductivepercolationclustersbecomelargerwhenthefractionofmetalcomponentis

raised,andtheconductivityincreasesdrasticallywhentheprobabilityofblendedmetal

exceedsacriticalValue,pc,ii.Thisisinterpretedthataninfiniteconductivepercolation

clusterisformed.ThedistributionofpercolationclustersareknowntobeFractalatsuch

phasetransition.Inthissense,thepercolationmaybcregardedabroaderconceptthan

theFractal.

Thepercolationisappliedtotheanalysisoflarge-scalegalaxydistributionsbyZel-

dovichelat.(1982)andVettolanieiall(1986)･Zeldovicheial･exarhinedthemaximum

lengthsofpercolationclustersagainstもhevariableseardlingradius.Theiranalysisisben-

eficialforexploringthewayofclustering.It,however,mainlyfocusesontheconnectivity

ratherもhanthedirecもionalityofstructures.

ⅠⅠⅠ.NEW PERCOLATIONANALYSIS

Recently,we(Umemuraeiall1987)hadanewattemptoftheapplicationoftheper-

colationtheory.Inouranalysis,wedefinepercolationclustersifthesphereofRocentered

oneachsampleintersectsanotllerOne,andcalculatetheprojectedlengthsofpercolatioll

clustersontoeachaxis.Thenthemaximumvaluesofprojectedlengths,DX,DY,and
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DZ,andDL-i(DX)2+(DY)2+(DZ)2】1/2areplottedagainstlh･Bythisanalysis,wc
canrccognlZethedirectionalityofstructuresmorepreciselyandquantitatively)because
itissensitivetOthedirectionofstructure.

Thedistancesofgalaxiesorclustersofgalaxiesfromusareestimatedfromtherecession

velocityassumingtheidealHubblelaw･Therefore,iftheyhavesomevelocitydispersion,

thepseudo-deformationofdistributionsappears.ThepresentpercolationanalysisglVCS

alsoameasureforelongationinI-direction,thatis

β ≡ Max(
2DZ

DX+ D Y )･ (1 )

Ⅰfthevalueofβisspeci丘ed,Wecanknowthedegreeofelongationascorresponding
velocitydispersion.

Weappliedthismethodtotheobscrvcdspatialdistributionofclustersofgalaxies

(Bahcallclall1986)･TheresultforthedataoflI)<900,b>300isshowninFig･1,and
thatforthedataoflII>900,b>300isshowninFig.2.Ithasbeenfoundthatinthe
formerregionthereisalargeelongatedstructureofP- 2･5,whichcorrespondstothe

velocitydispersionof～ 1000km s｣ ･Ⅰnaddition,thereisan叩parentlygeometrically

elongatedstructureof～150MPGinthelatterreglOn･
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ⅠV.CONCLUSIONS

InTable1,theeffectivenessofeachanalysisintroducedhereisshown.Thetwo-1nint

correlationfunctionisapowerfulmethodwhichgivesfairlypreciseinformationonthe

geometry.Thenearestneighbordistributionisagoodmeasureforhigherorderclustering,
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andthepairseparationdistributionisgoodatextractingsystematicelongationorvclocit,y

dispersion.Anewapplicationofthepercolationtheoryweproposedhcrcisancffcctivc

methodforexploringthedirectionalityaswellasthegeolnetryOfstructurc･Ifthcs?

analysesarccombinedwitheachother,wccananalyzethestructuresmoreprccisclyand

quantitatively.

Table1:EffectivenessofEachAnalysis

i(r) g(r) Pair Percolation
Geometry good good possible possible
Elongation good good

IamgratefultoS.Ikeuchi,M.Ito,andN.A.Bahcallforhelpfuldiscussion.
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