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ABSTRACT

Using the finite cluster approximation, phase diagrams of bond and

site diluted three-dimensional simple cubic Ising models with a random

field have been determined. The resulting phase diagrams have the same

general features for both bond and site dilution.

1. INTRODUCTION

During recent years, much effort has been directed towards the study of

quenched random magnetic systems. For such systems, the free energy and

Its derivatives must be first calculated for a given configuration of the

random variables and then averaged over the probability distribution

function of these random variables. The resulting phase diagram depends

on the form of the distribution function.

In an Ising system with random fields, on the other hand, Aharony

has suggested that the second order region In the phase diagram nay be

separated from the first order region by a tricrltlcal point, provided that

the symmetric distribution function of the random field has a minimum (or

maximum) at zero field. Later, some authors ' have examined the

conditions of the random field distribution function for the appearance of

a tricrltlcal point within mean field theory. Moreover, the value of

dimensionality under which weak random fields will destroy long range order

has been Investigated. It is now believed that the lower critical dimensionality

d is 2, although some discrepancies still exist about the interpretation
3}

of various experimental data

In this work, we shall study,within the framework of the finite cluster
4)

approximation proposed recently by Boccara }bond and site three dimensional

random field Ising model which exhibits only second order transition according

to an appropriate probability distribution of these random variables. This

method is much less sophisticated than real space renormalizatlon group and

applies to a wide class of disordered systems. In particular, site-dilution

(which is physically more relevant than bond-dilution) is much easier to

study within finite cluster appreciation. Another advantage Is that It is

not necessary to introduce ad hoc approximations for the renormalized

probability distribution of the Interactions, nor to choose in a more or less

arbitrary way the "right" random variable over which to average
5)-7)
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2. PURE SYSTEM

Consider an infinite simple cubic ferromagnetic Ising model In a

random field described by the following Haniltonian:
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where K = SJ is the reduced coupling constant between neighbouring spins

and L is the reduced random field according to the probability distribution:
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In this paper, we shall study the Influence of bond and site dilution

on this system using finite cluster approximation.

Consider a particular site 0 and denote by < o > the mean value

of o for a given configuration c of all other spins, i.e. when all other

spins o, (i 0) have fixed values. We have:

(3)

where Tr means that the trace is performed over OQ only. This gives:

_J|H)

}
where the summation is extended over the z nearest neighbours o,

(L - 1, 2, ..., i) of gQ. Relation (4) is exact and the magnet I rat ion

per site, which Is the thermal average m of cr , is obtained by averaging

the right-hand side of (4) over all configurations. This is a formidable

task and the mean field approximation corresponds to the very crude estimate;
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which corresponds to the probability distribution:

As random variables a take the values -1 and +1, a better choice is:

(5)

which still reglectg correlations between different spins but takes exactly

into account relations like o, - 1.

To average the right-hand side of (4) when the o are distributed

according to this approximate probability law, it Is easier to use the following

theorem: the set of all bounded real functions of Oj, o, o^ is a 2

dimensional Euclidean space. The set {I, Oj ..., o , "jOj" •••.0jO~2 ... o^),

which contains all the products of different spins, is an orthonormal basis

for the inner product defined by:

For the simple cubic lattice, we have:

c * * •

" * * (6)



and when we average the right-hand aide of (6) approximating

by m and < o i ° i "ir"«°m
 f by m > H e obtain:° i

(7)

which determines n for the whole temperature range. The coefficients

A, B, C are functions of K and L and they are given in the Appendix.

by:

Within this approximation the second order transition line is given

(8)

The critical temperature is the solution of:

i.e. T = 5.O9J, which is to be compared with the mean field result T = 6J.

We show in Fig.2 the variation of K~ as a function of K~ L.

3. THE DILUTE SYSTEM

Extension of this method to the less trivial case of random models

is straightforward. If, for instance, the interactions are random variables,

the mean value < o > when all other spins o. <i \ 0) and all interactions

K,,

The theorem from which we obtained (6) can be used here. It gives:
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For a bond dilute systen
Oi

Kn, where n is the occupation number

of bond 01. The coefficients of the polynomial (10) are functions of the

discrete random variables n , n., n_, n , n. and n,.

To average first of all over spin configurations and then over

disorder, we use the sane theorem, writing all functions of n,, n., ..

n in polynomial forms. This leads to the following equation:

and

(11)

where the coefficients, which are averaged over disorder, are functions of

K, L and < n > = p. We have put:

where i = 1, 2, .... 6 and i ̂  | ̂  k t t f •- These coefficients are

given in the Appendix. To obtain the (K , K L, p) phase diagram^Fig.3)

we proceed as in the previous section.

For a site dilute system K = Knnn< a n d = L n n w n e r e n
n
 anci n;

are the occupation numbers of sites 0 and 1. A sinple calculation shows

that n is given by Eq.(ll) where the coefficients are functions of K, L

and the site concentration p. Their dependences on these variables are

the same as for the bond problem except that they are all multiplied by an

extra factor p.

The corresponding phase diagram is given in Fig.4. It has the same

general features as the one we obtained for bond dilution.

4. CONCLUSION

Phase diagrams of bond and site diluted three dimensional random field

Ising model with ferromagnetic exchange interactions have been determined

within the framework of the finite cluster approximation. It is also shown

that the dilution does not affect this behaviour.
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Coefficients of Eq.(7):

Coefficients of Eq.(ll):
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FIGURE CAPTIONS

Fig.l Mean field theory phase diagram of the three dimensional

random field Islng model in the (K"1, K-1L) plane.

Fig.2 Finite cluster approximation phase diagram of the three

dimensional random field lsing model in the (iT1,*'1!.) plane.

Fig.3 The CK"1, K~'L, p) phase diagram of the bond dilute

model.

Fig.4 The (K"1, K~lL, p) phase diagrams of the site dilute

model.
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