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Abstract. The low-temperature high-field polynomials for the free energy are given for the
general Blume-Emery-Griffiths model on the Fcc lattice.

The order parameters and susceptibulities are obtained for three values of the biquadratic
interaction and a specific form of the external field A. One of the treated cases is the Potts
model.

In a previous paper (Ditzian and Oitmaa 1974), the high-temperature behaviour of a
subclass of the model of Blume ez al (1971), including the Potts model, was investigated
on the rFcc lattice and tricritical behaviour was seen. In this letter we calculate the
low-temperature series for the general Blume-Emery-Griffiths model and analyse them
for a number of specific cases including the Potts model. A number of critical indices are
obtained. The question of the order of the transition of the Potts model is not solved.

The model is

Ho= =TT 88,0 Y (Sh-HSh-H-h T S.+AT (SL-3)
< < i i

where S, = — 1,0, L.

Using the method developed by Saul er al (1974) with a modification to include the
biquadratic term and the tables of Sykes et al (1965), we calculated six polynomials of the
low-temperature free energy. Defining A’ = A+3gJ%,

n

—Bf(BJ. BIC.BA, Bh) = 3q(J +TD—A'+h+ ¥ (u'2p)* Y nmo'*L,(u,v)

n=1 m=0
where u = e # n =e* u=e"and v = e "% The L,, are listed in the appendix.
We looked at the case # = v® and three values of the ratio J¢/J, namely: v = u, u? and u°>.
The last is the Potts model. Following Saul et al (1974) in re-expressing the Hamiltonian
in terms of two fermions with occupation numbers n, and n, satisfying n® +n4) < 1 we
obtain

Z(BJ. I B, B
= exp[BN(Gg) +39/0— A)] T [totnu)i(u®s

{niny}

x u—[2<,‘,)(n‘ln{ + 2nind+ 2n‘2n11+4n‘2nlz)]v—(2<,‘,>n‘lnll)].
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Now the weight of each graph is
W(G) = (utvmun)" () ou~H =0

where only the appearance of v differs from Saul er al (1974):
B(G) = b;1(G)+2b,,(G)+4b,,(G)

and C(G) = by, b; is the number of ij bonds in the graph G. The order parameters
M = (S,> and Q = {(S2—%), and the initial susceptibilities
and )
n Yo = —=7
h=0 lQ aA,Z A'=8JQ
A'=8JQ h=0
are given by

M= m'* Y o®L,(u0)

o= i utn i mvd" L, (u,v)

n=1 m=1

o n
Iy = ﬂz Z n2u12n Z USanm(u, U)
n=1 m=0

ro =B Y u* Yy mP"L,(uv).
n=1 m=1

We had some checks on the series. The series for v = 1 should reduce to the Ising § = 1
series and the magnetization and susceptibility in fact check out. To my knowledge, O
and 7, had not been calculated before for the Ising model, analysis gave 8, = 0:6 +0.05
which agrees with the expected B, = 28,. The susceptibility y, has no singularities.
The free energy reduces to that for the Blume—-Capel model of Saul et al (1974) when
(nv*?y™ — n™ and in the L, (u, v) the variable v is set equal to 1.

The series are long but have gaps. We chose to look in the first instance at ¢ = u”
and the higher the n the less information could we use, so that this is not the best way to
look at the n = 3 Potts model.

The convergence of the Padé approximants to {(d/dx) In f(x) was not good for locating
the critical point so this information we took from the high-temperature series in Ditzian
and Oitmaa (1974). While for well converged series decapitation before or after taking
(d/dx)In f(x) makes no difference, in this case we saw a remarkable effect. For instance
the series for Q in the Potts model when partially beheaded (starting from u'? omitting
the initial constant) seems to indicate, in a not well converged way, a divergence, rather
than a falling to zero. Taking powers of series and looking for the correct critical point
can also be misleading as only a small number of Padé approximants gave a reasonable
estimate and this number did not vary much with choice of powers.

The series for the magnetization were the better behaved ones. The results are:

v=u v =u? r=u?
Bu 0-33+0.03 0-21+0-04 021+ 006
ﬁQ 0-27+0-05 0-27+0-05

For the Potts model M = 3Q as only one order parameter exists. We see that the Ising
behaviour is still holding for u = v so that we are still not in the cross-over region.
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The magnetic susceptibility is affected by the cross-over region earlier. Already at
u =1,y seems to be between 130 to 1-80, y, ~ 0-32+0:05, while at u? = v, z, is wild
and y, seems to be 0-20+0-10.

In the Potts model both susceptibilities gave unconverged estimates for the indices.
During the writing of this letter, papers by Straley (1974) and by Enting (1974) on the
Potts model in three dimensions arrived. Using the special symmetry of the Potts model
they obtain longer series.

To better locate the tricritical point we propose to first analyse the series for the
magnetization for various numerical values of v while locating the appropriate critical
point from the high-temperature series and second to do a free-energy matching.
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Appendix. Free-energy low-temperature polynomials L, (4, v)
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