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Results are presented of a Monte Carlo study of the spinodal decomposition of a bvo-
dimensional metamagnet, quenched from an initial high-temperature disordered state
to below its tricritical point. It is found that the structure factors for both the order
parameter and magnetization exhibit instability as manifested via growing peaks. The
order-parameter structure factor S(k, t) is shown to exhibit an early-time scaling of the
form t 2*S(k, t) =I'(kt"), with x = 0.35, where k is the wave number and t the time

PACS numbers: 64.60.Kw, 75.40.Bw

The dynamics of first-order phase transitions,
which includes the evolution of metastable and
unstable states, is currently a subject of con-
siderable experimental and theoretical interest.
Most theoretical attention has been given so far
to kinetic Ising models of binary alloys quenched
below a critical point, in which the order param-
eter is conserved (spin-exchange dynamics).
Quite accurate descriptions of the time evolution
for such models have been obtained via Monte
Carlo (M. C.) studies' which have shown, among
other things, that the distinction between the
spinodal decomposition of unstable states and the
decay of metastable states is not as sharp as was
originally predicted. Quite recently these meth-
ods have also shown that the structure factor for
a kinetic antiferromagnetic Ising model with spin-
exchange dynamics exhibits a striking scaling
behavior in the early-time, spinodal-decomposi-
tion region. ' The scaling length is a time-de-
pendent domain size which has been successfully
predicted' to grow like t '~'.

In this paper we report the first M. C. studies
of tricritical spinodal decomposition for a two-
dimensional metamagnet whose dynamics is as-
sumed to be given by Kawasaki spin exchange. '
The dynamics of this model is intrinsically more
difficult than that of binary alloys or Ising anti-
ferromagnets, because of the existence of a non-

conserved long-range-order parameter (the sub-
lattice magnetization) and the conserved mag-
netization, whose time evolution is coupled. Our
motivation for this study is threefold: Alloys
such as Fe-Al are known to have tricritical
points and exhibit spinodal decomposition. Also,
Hohenberg and Nelson' have recently predicted,
on the basis of a linearized Cahn-Hilliard theory,
that 'He-4He should exhibit an induced instability
in a conserved variable (the 'He concentration) in
addition to the natural instability which the non-
conserved (superfluid) order parameter should
show. Finally, it is natural to examine how the
qualitative features of spinodal decomposition
differ between a critical and tricritical quench.
Our model is sufficiently simple to analyze by
M. C. methods, and realistic enough to provide
some insight into tricritical spinodal decomposi-
tion. It should serve as the basis for further
studies such as 'He-'He mixtures in which one
also needs to consider the effects of hydrodynam-
1cs.

Before giving the details of our results, we
summarize our major conclusions. First, the
magnetization structure factor exhibits an in-
duced instability (as qualitatively predicted by
Hohenberg and Nelson for 'He-'He) through a peak
which grows with time and whose peak position
occurs at finite wave number k, which decreases
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magnet, in which equilibrium is usually achieved
in a time ranging between 175 and 800 M.C. steps.
In our case on the basis of one long run we esti-
mate this time to be approximately 5600 M.C.
steps. Thus we are always in an "early-time" re-
gion in which domains are small compared to the
sample size. As a consequence we do not en-
counter the late-time finite-size effects observed
and analyzed in the antiferromagnetic model.

Finally, we note that we have also found a scal-
ing behavior for S»(k, t) of the type observed ear-
lier by Marro, Lebowitz, and Kalos' for the bi-
nary alloys. Namely, t "S„~(k,t) =G(kt ') for
1000 ~t & 2800, where a= 0.21.
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Three-Branch Polariton Dispersion Curve in CuC1

E. Ostertag
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A two-oscillator model, taking into account both the Z3 and the Z&& exciton, is used to
calculate the polariton dispersion curve in CuCl. The new curve has three branches.
Values of the parameters characterizing the two oscillators are given, which yield a good
agreement between theoretical predictions calculated from this model and several experi-
mental results.

PACS numbers: 71.36.+c

It is well known that the coupling between the
electromagnetic radiation field and the polariza-
tion field associated with transverse excitons in
a crystal results in mixed eigenstates, called
polaritons. ' In CuCl, the theoretical dispersion
curve of the excitonic polaritons has usually been
calculated by considering a single-oscillator
model, ' ' taking into account only the Z, exciton.
The corresponding dispersion relation E(k) is
then

5'c'k' 4&P
E2/E 2(k) '

where e„is the high-frequency dielectric con-
stant, expressing the effect of all the oscillators
located at higher resonant energies, and con-
sidered here as a constant.

The parameter 4zP, which characterizes the
oscillator strength, is related to the energies Ez

of the transverse exciton and E~ of the longitudi-
nal exciton at k =0 by

Eg'/E r' = 1+4m//e„= 1+4m/

with P=P/e Finally, the spatial dispersion is
also taken into account in Eq. (1) by letting

E,(k) =Er+ 8'k'/2m* (3)

as given by the effective-mass approximation,
m* being the effective mass of the Z, exciton.

This model has proved satisfactory in predict-
ing the experimental positions of the luminescence
line W~ due to the recombination of "cold" bi-
excitons leaving a transverse exciton (lower po-
lariton) in the crystal under various geometrical
configurations, "as well as that of the A~. and
R~' emission lines resulting from the process of
two-photon resonant Raman scattering in the
same spectral region, ' provided e„was made
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