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Ising mixture with equilibrium disorder is considered. The nearest neigh-
bour spin coupling and direct interatomic interaction are taken into ac-
count within two-site cluster approximation. Thermodynamic potential and
g-dependent pair correlation function are obtained. Interplay between inter-
spin and interatomic interactions, their influence on magnetic phase transi-
tion and alloy segregation are studied. Cluster fluctuations cause significant
changes with respect to mean field theory: phase diagram complicates and
magnetic properties deviate from those of quenched system.

PACS numbers: 64.60.Cn

We shall consider an Ising mixture with the Hamiltonian H
| . 1
.H=—zi:'€isi—§%:1\ij5isj";#i"‘§izjvij- (1) |

It describes a spin system on the sites of a simple lattice (i, j = 1...N) with fer-
romagnetic interaction K;; (K;; > 0) in the site dependent field ;. The set of spin
variables {S;} represents a state of the spin system (S; = *1). The Hamiltonian
, includes also “nonexchange” pair interaction Vj; and field y;. Each site contains a
spin of a certain sort and the sort configuration is described by the set of variables
{Xia} (@ = 1...92, £ is a number of sorts): X;o = 1 if the site i is occupied by
the spin of sort a, otherwise X;o = 0. Interactions &;, K;j, pi, V;j depend on the
sort configuration

K; = ZK"“X"“’ K5 = ZKapXianﬂ, Hi = Zﬂiaxz’m
a - af o

Vii =) VapXiaXijp- ()
af o )
Couplings K;j, Vij are assumed to be nonzero only for the nearest neighbour
sites. The model is usually considered in two limits. In the quenched limit the sort
configuration is ffozen. In the annealed case an equilibrium sort configuration is
realized and the system is described by the density matrix
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. )
P({S, X}) = Z" exp(=pII), Z=psxyexp(-BH), B= BT’ 3)
as well as by the generating function
F({&,p})=InZ = —fG, 4)

where G is the thermodynamic potential of the system.
The generating function allows to calculate the correlation functions of the
system
1 6 6 6 )
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where ;o = SiXia, the superscript ¢ means cumulant averaging and

(- )= Sps,xy [P({S, XH(-- ). (6)
The chemical potentials ;o have to be found from the equations (X;o) = cq,
where ¢, is a concentration of the sort o spins.

With the accuracy to the first term of cluster expansion [1] (two-site cluster)
we obtain the generating function in the form

1

F=(1~§)ZFi+§ZZﬂj, (7)
i i jem;

where 7; is a set of the nearest neighbours to the site ¢, z is the first coordination

number of the lattice and

Fi=IZ;, Z;=Spgx,exp(—pI;), H;=—F;iSi— i,

Fij =InZ;j, Zij=Sps,x,s,x; xp(~BHi;),

Hij = — i%;Si — jFaS; — Kij$iS; — i — iff; — Vi,

Rkt B m=pit ), o K== B == P

ren; rem;

rP; = Z/ ia 1 Piar  rU; = Zl\’ia Pia 8)

In the effective Ilamiltonians we have incorporated the variational parameters
%, ¥ which should minimize the thermodynamic potential

9F _, 9 .. 9)
0 +Bia 0 rvia

These conditions yield the following self-consistency equations for the average

values:

(&'a) = (Sia')II.' = (Sia)H;,-, (Xia) = (/Yia)ll,- = (4Yia>]{ij7 (10)
where

(- Vm=SpZ; texp(=BH)(--), (- ;= SpZ;; exp(—BHy)(--), (11)
Equations (10) imply the equality of the one-site and intracluster distribution
functions. In the one-site Ilamiltonian contributions of all nearest neighbours

are replaced with effective fields = B({x,u}), ¥ = ¥({x,1}); in the clus-
ter Hamiltonian one bond is accounted explicitly. In the spatially uniform case
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Phase diagrams of the model on the plane square lattice (z = 4) within MFA [6]

at different model parameters. I — paramagnetic phase, II — magnetized phase, III —
segregated phase. The line of magnetic transitions (which separates regions I and II) is
virtual in the segregated phase. MFA predicts that magnetic line is not affected by the
“nonexchange” interactions Vap and magnetism affects segregation only in magnetized
phase. Both these rules are broken in TCA (Fig. 2).
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Tig. 2. Phase diagrams within TCA at diflerent model parameters.

(’iia = Ka, Hia = Hay rPiq = Pas

+Pio = ¥,) Egs. (10) yield a well known

result of the Bethe approximation [1]. The advantage of our approach consists in
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spatial nonuniformity of Eqs. (10). It allows us to calculate correlation functions
of the model with differentiation of the generating function [2, 3]. For example,
in our two-site cluster approximation (TCA) the Fourier-transform of the pair
correlation function is obtained in the form

ﬁ(z)(q) = ﬁ'(2)(1 - f2)—1 [1 +(z— l)fz - ﬂ(q)f] ’ (12)
where _
n(g)= 3 1B, x(0)=z, f=(F@)FO,
JEm; »
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~ 5:5)sr.. (SiXVr. —~
F11) — </\.7 H;; i Hij , - 5:)¢ = (SiaSig).
( )aﬁ ( (X"SJ')%;,' (X"Xj)%;,' ((S Sj) )ap ( i6)

‘Taking ¢ = 0 in Eq. (12) one obtains the known result [4]. The exact formula
for the one-dimensional system (z = 2) in zero external field [5] also follows from
Eq. (12). The same technique allows us to calculate the higher correlation functlons
also.

Let us formulate our main results. We express thermodynamic potential
and correlation functions of the model via intracluster potentials and correlation
~ functions. In this way our theory partially accounts for fluctuations and structure
of the lattice. As a result, the theory distinguishes between magnetic properties of
quenched and annealed systems in contrast to mean field approximation (MFA).
The other peculiarity shows both Curie temperature and the temperature of the
alloy binodal segregation. Figures 1 and 2 show phase diagrams of TCA and MFA
for two-sort system at different parameters of the Ilamiltonian. Apart from a
complicated form of the TCA phase diagrams with respect to those of MFA one
can also remark the rule that great value of the quantity K= K11+ Ka2 — 2K14
enhances both segregation and magnetization, whereas great V= Vn + Voo —
2V12 enhances segregation and therefore enhances magnetization, if K > 0, and
suppresses magnetization, if K <o.
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