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ABSTRACT

A nev type of renormaliiation group theory that has recently been

used with success for many applications concerning the usual tvo-Btate Ising

nodel Is herein extended to the bond dilute spln-1 Ising model. The (T-P)

phase diagrams have been evaluated for the square and simple cubic lattices.
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1. INTRODUCTION

Since Wilson's first application of renorroalization group ideas to

the theory of critical phenomena [l], a large number of renormalization group

techniques have been developed during the last fifteen years. One of the

simplest methods is the mean field renormalization group theory (MFRG)

introduced recently by Indekeu et al. [2] vhlch is close in spirit to the

so-called "phenomenological" renormallration, based on the comparison of

BYBteniB of different finite sizes [3]. The MFBG has been applied to a

diversity of systems Including spin glass [U] and geometric phase transitions [5],

and seeas to improve substantially on mean field calculations of equal complexity.

The motivation for the work reported in this paper is to shed light on the

applicability of MFRG to the bond dilute three state Ising model known as the

spin-1 Ising model described by the following effective Bamiltonian:

(1)

where S. » -l,0,+l and i,J are nearest neighbours The couplings K,

are independent random variables with probability distribution:

(2)

In order to study the (T-p) phase diagram, we compare two clusters of

different size. He restrict ourselves to the smallest possible systems,

namely N' = 1 and N = 2 shown in Fig. 1 for the simple cubic case.

2. MEAB FIELD FOR N1 •= 1 (MF1)

The spin S. interacts with Its z nearest neighbour sites via an

interaction K1. Each external site J contributes with a symmetry

breaking field ]

reads for the spin S
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corresponding Hamiltonian

(3)

and the magnetization per spin is:



Averaging over the disorder, one gets:

("0

(5)

To this equation we should add the equation which gives the mean value

<S2>. . But in the framework of the HFBG approximation this mean value does

not appear in Eq.(5) which determines the behaviour of the order parameter

~<S~> and, therefore, it is not necessary to take it into account If one is

only interested in calculating the phase diagram.

The usual mean field result is recovered If one makes the Identification

Theb' <S >.. Thus Eq.(5) leads to a critical coupling

result is qualitatively wrong in the sense that it does not predict a finite

percolation threshold p' at aero temperature.
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3. MEAN FIELD FOR N - 2 (MP2)

The spins 5, and S Interact directly via a coupling K and both

S and S Interact with (*-l) nearest neighbour sites whose spins are

fixed to the value b (see Fig. lb). The Hamiltonian for these two Bpins

reads:

(6)

In this case, the •agnetltation per spin 1B given by

V*.

(7)

Averaging over disorder, one gets:

—
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Putting b • 5 <S +S2> one gets the following equation for the critical

couplings Kc(p)j

1 * (9)
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Here again for K •+ •*, one has p + 0, and thus we do not get a finite percolation

threshold as we should. Thus both MF1 and KF2 approximations give poor

results. The situation does not improve considering larger clusters.

It. MEAfl FIELD BETIuRMALiaATIOIl GROUP

In the s p i r i t or the phenomenological renoraal lzat ion , t o obtain the

renormalization recursion re la t ion we argue that both, magnetization and mean

f i e l d , s c a l e in the Bane way in both c l u s t e r s . For small values of the

boundary f i e l d s (5) and (fl) lead to the following recursion r e l a t i o n :

(10)

By the recursion relation (10) it is not possible to determine completely the

renormalizatlon group flov in the (T-p) plane. We shall however restrict
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ourselveB to the physically convenient subset p' s p. Hence, we shall look

at Eq.(lO) aa a recursion relation for the coupling constant K and study

the critical properties of the system aa a function of the concentration p.

5. DISCUSSION AND CONCLUSION

When p' » p, from Eq.(lo) one gets:

(ID

It is however reasonable to consider the non trivial solutions of the fixed

point equation associated with Eq.(ll), i.e.:

as possible critical points of our system. Eq.(l<?) determines the second

order transition line. The (T-p) phase diagram is represented in Fig, 2,

When p = 1, we recover from Eq.{12) the critical temperature for

the pure case. It IB given by:

This yields Tc/zJ * 0.532 for the square lattice and T /?J = 0.579 for

the simple cubic lattice.

To make a comparison with other methods, we show in Table 1 the critical

temperatures for the square and cubic lattices together with other approximations.

As opposed to MFA results, the present method is quite sensitive to the

lattice atructure, and substantially Improves the results over the MFA

calculations, without further calculatlve effort. A8 one should expect the

MFHG results moves towards those of MFA as the coordination number

Increases.

The bond percolation threshold p can aloo be found. It is the

solution of the equation :

(lit)

i.e. p = 1/2U-1).
D
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To conclude, using the MFRG method we have Investigated the

c r i t i c a l properties of the bond dilute spln-1 Islng model. Comparison with

more sophisticated methods shows that the present approach is simpler and

gives comparable results for both universal and non-universal quantities.

In particular it gives rather good results for the critical temperature.
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TABLE 1

Values for the critical temperature —

latt ice

square

simple cubic

MFA

0.667

0.667

VA»

0.1481

HTSEb

0.1*22

0.532

MFRGC

0.532

0.579

CO

m

a Variational approximation [6],

b High temperature serieB expansions [7]-t9l.

c Thia work.

FIGURE CAPTIONS

Pig. 1 (a) Schematic representation of the smallest cluster (H1 » 1)

in 3 dimensions. Dashed bonds represent interactions with boundary

symmetry breaking fields (b1).

(b) Schematic representation of a two-spin cluster.

Fig. 2 The (T,p) phase dlagraa of the bond dilute model.

(«} for the square lattice (2 - U).

(b) for the simple cubic lattice (z » 6).
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