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TheS=lquantumantiferromagneticchainwiththeHamiltonian

siXsiX.,.siySi:り んS,･ZsiZ.1+D(SiZ)2isstudied.

HaldanearguedthataquantumHe手Senbergantiferromagneticchain

withanintegerspinhasauniquedisorderedgroundstateandafinite

exCitationgap,whitethesamemodelwithahalf-odd-integerspinhasa

criticaTTyorderedunJqUegroundstateandnoexcitationgap.The

conjecturewasrathersurprising(at一east)forthefoITowingtworeasons.

Figure.NumeriCallyobtainedphase
diagramforthegroundstateoftheS=1
日eisenbergantiferromagnetwithuniaxial
anisotropy.TntheshadedregJOn,Wehave
aproofthattheHaldanephaseexistsinthe
approximatemodelwitharestrictedHHbert
space･WeshowthattheLarge-Dphase,
theN6elphase,andtheHaldanephasecan
be'lnterpretedasGas,SolidandLiquid,
respectivety.

i)SuchaquaTitativedependenceon5

ofthegroundstatepropertywas

againstthe"universality"prmciple

widelybelievedamongstatistiCa]

physic'IStS.

ii)WhenarotationaIlyinvariant

quantumsystemhasaunlqueground

state,Oneusuallyexpectsthatthere

areexcitationmodeswitharbitrarily

longwavelengthandthuswith

arbitrarilysmallexcitationenergy.

Haldane-scondusionforthe'tntegerS

chai'nswascompletelyagainstthis
Conventionalwisdom.

Hatdane-sorlglnalconjecture

wasbasedonapproximatefield

theorymapptngsinthelarge-Slimit.
ttwasnotclearwhetherthe

conc一usionapp一iestosma一lva一uesof

∫.suchasJ=1.Theprob一emhas
fascinatedtheoreticaland

experimentalphysicists,andhasbeen

Studiedbyvariousmethods.
NumericalCakulationsand

experimentalresultsinquasione
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dimensionalsystemsseemtobeconsistentwiththeConieCture.Thereare

alsorlgOrOuSresultswhichsupportHaldane'spicture.Buttheprob/emfor
●

thefI'nt'te5HeI'senbergmodelstt'//remainstobeunderstoodtheoretI'co//y.
Thepurposeofthepresenttalkistodevelopanewpictureofthe

HaldanegapwhichdirectTydealswiththeS=lmodel.Wedon.tuseany

fieldtheories･,butmakeuseofa(pathintegraltype)Stochasticgeometrk

representationofthesystem.Wefindthattheexoticfeaturesofthe

HardanephaseCanbecharacterizedintermsofthelanguageofperColation.

WearguethattheHaldanephasewithaunlqUedisorderedground

stateandagapcanberegardedas''Iiquid".Thelarge-Dphaseandthe
N6elorderedphaseareidentifiedas"gas"and''soHId"′respectively.We
alsointroduceaneworderparameterthatdistinguishestheHaldanephase

fromotherdisorderedphases.
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