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Critical Concentration of Mixed-Bond Ising Model
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The study for critical concentration of mixed-bond Ising model with competitive interactions it is obtained by using a differential operator
technique in the effective field theory. In this work, we obtained the phase diagram to bi- and three-dimensional lattices and our results
show a correlation between lattice coordination number and the critical concentration. On the other hand, there are a finite number of critical
concentrations which depend of method employed.
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El estudio de la concentrai ciitica en el modelo de Ising de enlaces mixtos con interacciones competitivas se estudia mediante el uso de la
técnica del operador diferencial en la ieole campo efectivo. En este trabajo, se obtuvo el diagrama de fase de redes bi y tridimensionales,
y nuestros resultados muestran una corrétaentre el imero de coordinadh y la concentradin ciitica. Por otra parte, hay urimero

finito de concentracionesiticas que dependen dektodo empleado.

Descriptores: Monte Carlo; campo efectivo; modelo de Ising.

PACS: 02.50.Ng; 75.10.Nr; 75.40.Cx
1. Introduction

The experimental discovery of re-entrance which occur in —BH = Z Kijoioy, (03 = 1), @)
some compound, as example the insul&ogSr,_,.S, has (6.3)

been predict theoretically by mean-field theory of mixed-where the sum extends over all pairs of neighboring sites on
bond Ising models. This compound showed behavior reg ¢ dimensional lattice of linear size with periodic bound-
entrance in a range of concentratipnupon lowering the  ary conditions;3 = 1/kT and the exchange couplings;
temperature the successive phases are paramagnetic, fergge allowed to take two different valuds; = J;;/kpT and

magnetic and spin glass [1]. There have been a number @f. The interactions are assumed to be independent random
letters in the literature [2] that claim to provide either a ratheryariables with probability distribution given by

simple explanation of re-entrant behavior or claim to demon-

strate that reentrance occurs very generally in short-range dis- P (Ki;) = pd (Kij — K) + (1 —p) 6 (K — AK), (2)
ordered systems, in particular, simple random Ising models . . .

with short-range interactions. Some of these letters are basdy1érep is the concentration of magnetic bonds S.’@Ch !
in the existence of a single critical concentration. HowevelcorresponQS to the pure case ands the competlltlon pa-
results of numerical transfer matrix calculations and Migdal-F@meter with|A| < 1, By applying the operator differential
Kadanoff renormalization group studies on a random neares{saChnlque and the Suzuki-Callen [4] identity, ones get
neighbour Ising model in two and three dimensions has been

show the existence of a critical concentration as function of m;= <H eKU"'ti> f (@) |a=0,

competition parameter. On the other hand, results obtained j#1

by employing effective field approximation (EFA) suggest

that a denumerable group of critical concentrations exists for ,,, — <H eKikoxDa H esz-,okDg> 9(2,9) la=0.y—0, (3)
that model [3]. In this work, we investigated the result of k2 kA1

EFA for cluster with one (EFA-1) and two spins (EFA-2) for ) i ]

mixed-bond Ising model on square, simple cubic, body cenWhere the product is taken over all first neighbors. The func-

tered cubic and face centered cubic lattices. tions f(x) andg(z,y) are given by
f (z) = tanhz,
2. Model and simulation setup g(z,y) = sinh (2 + y) 4)

cosh (x + ) + e~ 2K12 cosh (z — y)

We study the spiri-/2 ferromagnetic Ising mixed-bond The phase diagram is obtained numerically when=: 0 to
model defined by Hamiltonian find EFT1 andmn, ~ 0 for EFT2.
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FIGURE 2. Critical concentration vs. for square lattice. Open

FIGURE 1. Phase diagram of the 3D mixed-bond Ising model for circles represent the limits of an open interval.

lattice cubic forx =0, 0.1, 0.2, 0.5,-0.2,-0.4. Solid lines are the _ . . o
predictions of the effective field approximation and the points are field technique whose C”'[_|C3| concentration Is a constant.
results of Monte Carlo simulation. However, we observed which critical concentration does not

changes continuously with variation af but there is a dis-
crete variation, and the number of intervals increases when
3. Results we considers two spins on the approach Eq. (3-b), that sug-
gests which number of intervals it is related to the number of
In order to analyze the results obtained by effective field apterms in the equation describing the system. Thus the exact
proximation (EFA) based in the introduction of a differen- solution with infinite terms would infinite intervals and thus
tial operator, we study the system also by Monte Carlo (MC)he critical concentration would vary continuously with the
simulation. The phase transition diagram obtained by emeompetition parameter competition.
ploying the differential operator technique and one obtained |n Fig. 3 the results of the critical concentratipnvs A
by computer simulation are presented in Fig. 1, where théor body-centered cubic lattice (bcc), shows the most critical
points presented is obtained numerically from the peak of @oncentration ranges. The larger number of intervals, greater
diverging quantity. Here we choose the magnetic susceptihe number of terms in the equation describing the system.
bility, since the stability of the disordered fixed pointimplies As the body-centered cubic lattice has a larger number of
that the specific heat exponent is negative in the random sysrearest neighbors, so it has a greater number of intervals.
tem [5,6]. Thus, the error in this quantity is larger than for the
susceptibility. To get an accurate determination of the peak .
of the susceptibility, we used the histogram reweighing tech4-  Conclusion
nigue with 10000 Monte Carlo sweeps (MCS) and between . . . .
2500 and 5000 samples of disorder. The number of MCS ig{\/e carried out Monte Carlo simulations for study the influ-

justified by increasing behavior of the energy autocorrelatio nce of bopd d|Iut|0n. on the critical prgpertles of the Ismg
time, 7, and we choice for each size at least 250 independe odel applied for cubic lattice. We obtained thermodynamic

measurements of the physical quantiti®sts > 25075). parameters fof\| < 1. Results satisfactory are obtained by
On the other hand, the adjust dfycs is justified by in-

creasing behavior of the energy autocorrelation tirgeas ' ' '
a function ofp and L. At the critical point of a second-order
phase transition one expects a finite-size scaling (FSS) behav oof T C—— .
ior 7 < LZ, where hereis the dynamical critical exponent. j Tt
Although the two techniques show good coincidence to high I & .
temperatures to near freezing temperatures, the technique ¢ & g :

. . . 06 b i
Monte Carlo simulation does not produce satisfactory results, < T o )
because the spins were frozen, and requires much computa I GO’. ° ¢
tional time. Such facts make that operator technique is used o s Ci:»
in percolation. There is evidence that the results generated by 0,3 g ; R
employing operator technique wh&h — oo are failures of -6 -5 -4 ‘
the approach. P N 3 0

Figure 2 shows the results of the critical concentration
vs \ obtained bym ~ 0 whenT' — oo, where we observed Ficure 3. Critical concentration vs) for bee lattice. Open circles
that the critical concentration depends)ofunlike the mean represent the limits of an open interval.
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