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SPIN WAVES IN A CLASSICAL COMPRESSIBLE HEISENBERG CHAIN
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Theeffectof thespin—latticeinteractionon thespin dynamicsof aclassicalHeisenbergchainis studiedby meansof a
truncatedcontinuedfraction.At low temperature,thespin correlationlengthandthespin wavefrequencyshow thesame
simpledependenceon thecoupling.

In ref. [1] we presenteda detailedstudyof the Theneverystaticcorrelationfunctioncanbe calculat-
phonondynamicsin a compressibleclassical edexactlyby meansof thetransferoperatormethod.
Heisenbergchain(CHC). Herewe will dealwith the in- If we definenewparameters
fluenceof thephononson thespindynamics. u=(lJ (J3=1/kBT), (4)

The hamiltonianis givenby [1]:

H=Hp+H
5+H5p, (la) 7e

2/cyJ, (5)

H~= Z~p~/2m+ a — x~)2, (ib) the transferoperator[2] haseigenfunctions~lm and
the eigenvaluesaregivenby

Hs = ~ S
1~S1~1 (S= 1), (1c) i

H5~= E (x~+i— - S~1. (1d) X1 = f exp [u (x + ~‘yx
2)J P

1(x)dx, (6)

Thespinsarelocatedon aharmoniclattice andthe whereF1 are theLegendrepolynomials.In orderto
exchangeinteractionis supposedto dependlinearly studythetime-dependentspin—spincorrelationfunc-
on the atom—atomseparation.If we definethetrans- tion we writeits Fouriertransformin the exactcon-
formation tinuedfractionexpansion[3] andtruncateit following

themethodgiven in ref. [4]. Thenweneedthe frequency

x1=u1+(efa)ESj.Sj~1 (2) moments
1</

thehamiltoniandecouplesas follows: = <[E...[S~q~H] ..., HI, q (7)
(3(Sz SZ)—q qH H~+ H~, (3a) wherethe numberof Poissonbracketsis 2n.Thesemo-

H~= Ep~/2m+ a E (u~÷i— u~)
2, (3b) mentscanbeexpressedin termsof the modelparam-

etersandthe reducedeigenvaluesy~= X,~/X
0.Forthe

= —J~ Si•Si+i — (e
2/2a)~ .5.~)2 (3c) rigid Heisenbergchain(RHC),this requiresalreadya

considerableamountof work and for the CHC the com-
putational problem isenormous.For example,the fourth

‘AspirantvanhetNFWO. momentof the CHC is much more complex thanthe
2 Supportedby the11KWprojectNeutronScattering, sixth momentof theRJIC. Recently,we havedeveloped
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apowerful computerprogram [5] which, among ~ 20

otherthings,is able to calculateanalyticexpressions 0
for the frequencymoments.

Our aimhereis to presentresultsfor the dynamic I u=—20
correlationfunctionsasobtainedfrom a threepoleap- q=9Tt/16
proximation.Truncatingthe continuedfraction at the 15.
correspondinglevel, the imaginarypartof thespinre-
laxationfunction reads[4]

_~~) = ((w
4)q — <w2>~)( )1/2 (8) 10.~ Y1.0

[~2 (~2— (w4)2 ÷(~2— <~,2>q)2 (W4)q

\ (&)~)q (W2)q 5

where

S(q)(SqSq)(1—y~)/(l—2y
1cosq+y~)(9)

is thestaticstructurefactor.Thezerothmomentor
staticstructurefactor(9) is formallythe sameasfor 0 2. 4. 6 8. ~i]i0
the RHC, but .~viis different. Theinversecorrelation
lengthis definedby Fig. 1. Thenormalizedspinwaveexcitationspectrumasa

functionof thecoupling‘)‘ atlow temperature.Becausethe
= —in 1y1 I . (10) areaof eachpeakis the same,theline width increasesasI I

Forlow temperatures(I u ~ 1) one finds mcreases.

[Iul (1 + 71)1_i (11) ForTO, we have

Thus, thecorrelationlengthis enhancedwith a factor <~> = (2)2 14
(1 + 171)by the coupling.RemarkthatbothK andq q q’
aremeasuredin unitsof the latticeparameter.Forex- Consequently,at T= 0 the spinsystemoscillatesbar-
ample,~‘ measuresthe numberof stronglycorrelat- monically. Its dispersionis thengivenby
edspins. In orderto comparethe realcorrelation = 2 J 1 + ~ rq — ~i 1/2 15
lengthsof RHC andCHC, onehasto takethelattice ‘~ 7 .~ 1k — cosq,~ + cosq,1
parameterandthusthe thermalexpansioninto ac- with the samesignconventionasin eq.(13).
count.The secondmomentreads In fig. 1 we seehow at low temperaturesthespin—

2 2 i phononcouplingresultsin a renormaliseddispersion.
(w )~= V (1 — cosq) Fyi + ~7(1 +

2y
2)1 As y increases,theheight of the peakdecreasesand

2 2 —1 consequentlythe linesbecomebroader.This, however,X(l —

2~a cosq+y
1)[u(1 —y1)j . (12) . .

is difficult to seein the figures. In principle thereis also
For T= 0 we find a dependenceon a third parameter6 definedby [1]

(w
2)qV2(l_cosq)(1~cOSq)(1+I7I)2~ (13) 6J/2(2a/m)112. (16)

wheretheuppersignrefersto the ferromagneticcase This dependenceis foundto be minorfor low tempera-
(J> 0). The formulafor thefourth momentwould turesandthereforeit hasbeenomittedin thefigures.
exceedthelengthof this letter. it is availableon re- Forthe RHC andlow temperatures,thethreepole
quest.For7 = 0, we obtainthewell-knownresults approximationfor thes~in correlationfunctionleads
for the secondandfourth momentof the RHC [61. to thecriterionq > g1” for the observabiityof the
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-~ (11), it isthenpossibleto fmd a propagatingmodein
the antiferromagnetwheretheRHC only displaysre-

16 laxationalbehavior.In fig. 2 we show that this is indeed
u ~-io the case.Finally,we remarkthat therelaxationfunctions

~ q rTt/16 for ferro-andantiferromagnetdo not coincideat q
= ir/2, while they do in theRHC.

To discussthetemperaturedependenceof line width
4 or thecriterionfor the occurrenceof spinwaves,at

leasta four pole approximationis required[4] . Then
we needthe sixth moment.Becauseof the complexity
of thecalculation,it takesaconsiderableamountof
computertime andthereforewe arenotyet in the pos-
sessionof the completeresult.However,we will present

2. an extensivestudyof the four pole approximationin
thenearfuture.

yr_i
y~—l0
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1133.

spinwaves.Here,this criterionis stifi reasonablysatis-
fied for the antiferromagnet.Fortheferromagnet,
however,it doesnot seemto applyanymore.By eq.
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