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Let (3~bethecritical inversetemperaturein anIsing ferromagnetwith pairinteractionsandlet bethe critical tempera-
turesin theplanerotor (classicalxymodel)with thesamecouplings.We provethatj3~>~ This yieldsthelowerbound

~ 0.88for theKosterlitz—Thoulesstransition.

ConsiderIsing spinsSn = ±1interactingundera i3R(2~m)>ln(1 +~,fi)= 0.88137...,
hamiltonianH — ~ J~~ with >0 let <
denoteexpectationsin this modelat inversetempera- to be comparedwith themeanfield value0.5 (which
ture13. Let ç = (c~),a~2))= (cos°a’sin On) be two- wasknown [21* 1 to be a lowerboundon 13~),the

componentuniformly distributedunit vectorsandlet gaussianvalue2/ir = 0.637andthe value 1.11 ±0.04

< >~,2bethe expectationfor this model withH = obtainedin ref. [3] on thebasisof Monte Carlosimu-
— ~ J ~. ~ (sameJ’s). In this notewe will prove lation. We alsonote that in threedimensions,and
that nearestneighborinteractions,theratio of thetwo sides

of (2) is 1.04andthat asd -+ 00, the ratio goesto 1,
~ ~y>2j3,2~ ~a~y>13,1 (1) sincethemeanfield theoryis known to beexactin

If f3~(respectively$3~)is the critical temperature,de- that limit [4].
fined in termsof loss of exponentialfalloff, in the As a final preliminary,we remarkthat (1), with 2j3
modelwith one (respectivelytwo) component(s), replacedby 13 andthus(2) without the factorof 2, is
(1)immediatelyimpliesthat well known.

> 2 ~ ‘2’ The proofof (1) is in two steps,neitherof which is
— 13c “ -‘ new! Let ( >~,pdenoteexpectationsin the Z

4 Potts
By theghostspinmethod [1], (1) impliesa boundon model,i.e. thevariablesbeforecoupling takethe values
themagnetization: 0, ir/2, ir, 3ir/2 withequalweights.Then(1) follows

from thepairof statements:
m2p,2(h)~ma,i(h)‘ (3)

sothat (2)holdsalsoif critical 13’s are definedin terms ~ ~‘y~2~9,2~ 2(a~~a~)2,~p (4)
of thespontaneousmagnetization. ~ (s S ~. (5)

Before proving(2), we notethat sincefor nearest ‘)‘ a ~
neighborinteractionon a two-dimensionalsquarelat- (4) is a well-knownstatementwhich wefirst learned
tice13~(2-dim)= ~Jn(~/~+1), we havean upperbound from Bricmont [5] (seealso ref. [6]) and (5) follows
on theKosterlitz—Thoulesstransitiontemperature from Suzuki’sobservation[7] that theZ4 Pottsmodel

is isomorphicto two uncoupledIsingmodels.To be
1 Researchpartially supportedby US NationalScienceFounda- .

tion underGrantPHY-7825390. more explicit, (4)is provenby notmg that(~ ~) =
2 Also atDepartmentof Mathematics;researchpartially sup-

portedby US NationalScienceFoundationunderGrant *1 ~ Fröhlichhasinformedus thathismethodimplies
MCS-78-01885. ~3~(2-dim)> 0.67.

281



Volume76A, number3,4 PHYSICSLETTERS 31 March 1980

2(u~u~)andconsideringthe hamiltonianH’= H + References
cos(4o~).By correlationinequalitiesof Ginibre

[81,increasingX increases2 (~(1)~1)) But the left side [1] R. Griffiths, J. Math. Phys. 8 (1967)478.

of (4) is the valueat A = 0 and the right side the value [21M. AizenmanandB. Simon,LocalWardidentitiesandthe
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J. Fröhlich and1. Spencer,in preparation.
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to bepublished.is theexpectationfor planerotors but with the hamil-

[5] J. Bricmont,private communication.
tonianH’ = — ~ then by resultsof Wells [6] S. Elitzur, R.B. PearsonandJ. Shigernitsu,lAS preprint.
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