
Volume 60A, number1 PHYSICSLETTERS 24 January1977

NONLINEAR CRITICAL DYNAMICS OF A SPHERICAL MODEL

Z.RACZandT.TEL
Institutefor TheoreticalPhysics,EotvOsUniversity,Budapest,Hungary

Received1 November1976

Thenonlinearcritical slowing down ofthe orderis calculatedfor thetime-dependentGinzburg—Landaumodelin
thelimit of infinite spin dimensionality.The scalinglaw ~~(nQ)= ~(Q) — 1~is verified for thismodel.

A phenomenologicalanalysisof the nonlinearcri- force [11], r
0 a + T andsinceweareinterestedin

tical dynamicsof purely relaxationalsystemshas led to the n -*00 limit u n~is assumed.Forsimplicity
the scalinglaw [1,2] the caseT> T~is consideredandwe setF0 = 1.

~(nQ) — L~(~)— ~ Weshall assumethat theheatbath is regulated
— ‘ ‘ / externallyand changesits temperatureinstantaneously.

relatingthe critical exponents(~(2)andL~(°
2))of the Thenthe temperatureandconsequentlythe parameters

linear andnonlinearrelaxationtimesof the order param- in (3) arewell defined. In this casethesystemmay be
eterandthestaticexponent~. High temperatureseries far from equilibrium in the sensethat e.g.M is far from
[3—6],Monte Carlo works [7] andthe only available its equilibriumvalue. Thissituationis oftenmet in ex-
experiment[8] seemto supportthis scalinglaw and periments[8, 12].
itsextension[2] to variablesotherthanthe orderpa- Whencalculatingthe nonlinearrelaxationanimpor-
rameter. tant point is that the solutionof (3)hasto be averaged

Oneof theassumptionsinvolved in deriving (1) is not only over i?~,butalso over the initial conditions.
thescaledform of therelaxationtime We shall use a far from equilibriuminitial statepre-
r(~T,M ) ~T4)(M

0/~T13) (2) paredsimilarly to the experimentalprocedure[8, 12]:
0 for t<0 thesystemis in equilibrium at a temperature

whereM0is the initial deviationof theorder param- T1 <Tc, thusthereis a spontaneousorderM0.At t0
eterM from its final equilibriumvalueandL~T= IT-- the systeminheatedinstantaneouslyto T> T~where
Tel. Renormalizationgroupcalculations[9, 10] have the equilibrium valueof M is zero.
provedthis assumptionto be correct.Thescalingrela- If the aboveprocedureis usedthen for t > 0 the
tion (1)howevórdoesnotfollow from (2) unless parametersin (3)havetheir equilibrium valueat T> T~
c1(x) x

1 for x —~ ~ Onecangive argumentsbased and thecalculationcanbecarriedout asfollows. Let
on ergodicity [1] leadingto thex~behavior,it remains thedirection i = 1 be alongtheinitial ordering.It is
howeverto be verified by explicit calculation. knownfrom statics[13] thatM

0~ so it is conve-
In thisletter we presentthefirst verificationof (1) nient to write

for a nontrivialmodel,namelyfor the time-dependent
Ginzburg—Landau(TDGL) model in the limit of infi- S1(x, r) = M(t) + L (x, t), (4)
nite spindimensionality. whereM(t) = <S1(x, t)> ‘~—‘~/~and the brackets(> de-

In theTDGL modelthe timeevolutionof the n notethe doubleaveragingoverthe initial conditions
componentsof the orderparameterfield S~= S~(x,t) and noiseasdescribedabove.Eliminating~l (x, t) from
(I = 1, ..., n) is describedby the equation[11]: (3)the equation(L (x, t)) = 0 yieldsin the limit n —~00:

/ \ l~f(t)= —F(t)M(t) , (5)
S~=_1’o (r0 — V

2+u ~S?)S~+n
1~ (3)

/=1 F(r) = r0 + uM
2(t)+ un f d’~qC(q, t). (6)

where~ = ~,(x, t) is a Gaussian—Markoffianrandom 1<A

3
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~Mo\whereC(q, t) is theFourier transformof the transverse
~(w)=fetm(t)dt=~f(_,~), (9)correlationfunction C(x, t) = (S1(x,t)S1(0,t)) (i = 2,

0

Theequationfor C(q, t) canbe obtainedby iterat- wherer is the inversesusceptibilityr ~‘ x~ ‘—‘

ing eq.(3) with theuM
2(t) termincludedin the zeroth From (9) the scaledform (2) of therelaxationtime

orderapproximation.In the n -~°° limit onehasto r = ñ~(0)follows and one canread the well known
keeptrackof the closedloopssinceu n~andeach [11] valueof thecritical exponentof the linearrelax-
closedloop generatesa powerof n. The result is the ation time ~ = 2/(d — 2).
Hartreeapproximation: The exponentof the nonlinearrelaxationtimeis

found by calculatingth(w) at T~with M
0 � 0. One

I t
C(q, r) = C(q,0) exp —2 f[q2 + F(s)]ds) canshow that for 2 <d <4, i~(w) ~(d6)I4. Thenscaling (9) implies T “~‘ ~ 6)/2(d2) and so =

to (7) (6—d)/2(d—2).Since ~ 2/(d—2)andj3~we
t I t

+ 2 fdt’ exp —2 f[q2 + F(s)] ds) haveprovedthe validity of thescaling law (1) in thefl ~* 00 limit of theTDGL model.Finally we notethat
0 1, for d > 4 thememoryeffectsare negligible and the

Here the initial correlationis C(q,0) = q
2. molecularfield results [1] apply.

Combining(5), (6) and(7)wefind that,as in the
caseof the c-expansion[10], theequationfor m(t) We areindebtedto L. Sasvárifor helpful discussions.
M(t)/M

0 isnon-Markoffian

—th = (r0 — roc)m + uM~m
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