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Critical dynamics of kinetic Ising modeis in four dimensions*
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The effective kinetic coefficient of a kinetic Ising model with a nonconserved order parameter coupled
to a conserved energy field in four dimensions varies as ~ln(T-T, )) with —

3 —0 ~ 0. These results

should apply to dipolar Ising systems in three dimensions whose dynamics are purely relaxational,
although it is very difficult to find the exact value of cr.

Recent work in dynamical critical phenomena has
dealt with kinetic Ising models in 4 —e dimensions
extrapolated to e = 1. Larkin and Khmel'nitskii
and Aharony have shown that near T, the free en-
ergy of a dipolar Ising system should behave as a
four-dimensional Ising system with conventional
short-range interactions. There is also recent
experimental evidence for such behavior. The
critical properties of conventional kinetic Ising
models in four dimensions are potentially inter-
esting. The results of Ref. 2 carry over immedi-
ately to kinetic Ising dynamics.

The two models of Ref. 1 in which there is a
nontrivial renormalization of the transport coef-
ficient are (A) Order parameter not conserved;
(C) order parameter not conserved, but coup], ed to
a conserved energy field. In four dimensions one
expects the Van Hove theory to be valid except for
logarithms. We will follow the procedure of Weg-
ner and Riedel to calculate the corrections to
scaling. '

The recursion formula for the kinetic coefficient
I' in model & was analyzed in Ref. 5 for an arbi-
trary dimension. The value of the coupling con-
stant after the 1th iteration is -

E
' so we may in-

tegrate on l to find the leading singularity of I' near
t=(T —T )/T =0,

r = ro I1+ ('-o in-,')/I »tl ].
There are additional terms such as lint! ", n&1,
and ln I lntl which will not in general have universal
coefficients.

Model C is more complex since an energy field
&, with transport coefficient X is statically coupled
to the order parameter 8:

F(SE') Fg gw(S) + yS E+o C . V '&

where E«„ is the conventional Ginsburg-Landau-

' d'p/(2m)4
pg= & +ln~= '

4
l l 1/'b

and for the statics

1/8 1nb

6(l + l,) +c,(l + l )ofo .

The constants c, and lo depend on the initial values
of u and Cy . For large / we find

tJ r/(& —tl () = l Po/(& Po) ~-

The singularity of I' at t=O is complicated by the
marginal operator p, , which decays slowly to its
fixed point value 1. We may distinguish three re-
gimes according to the initial value of p, , although
only the second is truly asymptotic

I
intl -"' u, l
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In the last line c2 is a positive nonuniversal con-
stant. Experimentally, one could not hope to see
any crossover effects. The effective exponent 0

varies from zero to —3 with p.o. The characteris-
tic frequency involves the susceptibility which con-
tains additional correction terms. '4
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Wilson functional. The recursion formulas for the
transport coeff icients are'
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