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We introduce two Ising models which exhibit tricritical behavior. Their properties are studied in the
presence of a nonzero external magnetic field using the method of high-temperature-series expansions.
Both models may simulate some features of metamagnetic materials such as FeCl, or dysprosium
aluminum garnet (DAG). In Paperl we treat the first model, called the “meta” model, which
incorporates in-plane ferromagnetic and between-plane antiferromagnetic interactions (J,, > 0,J, < 0).
From the two-spin correlation function (expanded to eighth order in inverse temperature), series for the
direct and staggered susceptibilities ¥ and x,, are obtained which are exact in the external field. The
critical line in the H-T plane is located, and along it X, appears to diverge with a constant 5/4
exponent X, © [T — T . (H)]~**, consistent with the universality or “smoothness” postulate. Particular
attention is focused on behavior near the tricritical point, where the phase transition in the H-T plane
changes from second to first order and where the critical-point exponents may be expected to take on
a new set of values. At the tricritical point (T, H,), the tricritical susceptibility exponenty defined
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by x © (T—- T,)'; is estimated to be 1/2. The second model is analyzed in Paper II; there we also
present the implications of our results for both models in the light of the scaling hypothesis for

tricritical points

I. INTRODUCTION

The term “tricritical point” (TCP) was coined
by Griffiths,! who first discussed its significance
as a special symmetry point where a changeover
from a second-order to a first-order phase transi-
tion occurs. Recently great interest in TCP’s has
arisen because completely new critical behavior
may be expected to characterize such points. More
specifically, in the case of metamagnets such as
FeCl,, 2 Ni(NO;), * 2H,0, ® or dysprosium aluminum
garnet (DAG),* critical-point exponents at the TCP
will in general be different from those along the
second-order antiferromagnetic-paramagnetic
trangition line in the field-temperature (H-T) phase
diagram (see Fig. 1). As has been the case before
in the field of critical phenomena, this new kind of
behavior affords a fruitful arena for active inter-
play of theory and experiment, and has accordingly
come under increasing investigation from many
sides. There are now a large number of systems
known to display TCP’s. In addition to metamag-
netic systems, multicomponent mixtures such as
He®-He!, whose phase diagram is closely analogous
to that of metamagnets, have been studied. °

It is the purpose of the present work to investi-
gate, by the method of high-temperature series ex-
pansions, two Ising models displaying TCP’s. The
series-expansion approach has in the past been
widely applied to obtain detailed predictions for
lattice Hamiltonians of magnetic systems.® In-
deed, in the absence of exact solutions for all but
a small class of models (and none for realistic
models in three dimensions such as the Ising or
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FIG. 1. (a) Schematic phase diagram of “simple” anti-
ferromagnet (nn only isotropic interactions) in the physi-
cal H-T field space. (b) Schematic phase diagram of
metamagnet in the physical H-T plane. (c) Schematic
metamagnetic phase diagram in complete H-T-Hg,
space.
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