ISSN1330–0008 CODEN FIZAE4

SECOND-ORDER PHASE TRANSITION INDUCED BY THE QUENCHED RANDOM DILUTION IN 3D

KATARINA UZELAC, ANTE ANIČIĆ and OSOR S. BARIŠIĆ

Institute of Physics, POB 304, Bijenička 46, HR-10000 Zagreb, Croatia

Dedicated to Professor Boran Leontić on the occasion of his 70th birthday

Received 14 February 2000; revised manuscript received 26 March 1998 Accepted 3 April 2000

The effect of the quenched random dilution on the ferromagnetic transitions, in particular, the conversion from the first- to second-order transition is discussed. The new results are presented for the diluted three-dimensional three-state Potts model. The critical exponents of the disorder-induced second-order phase transition are derived by the finite-size scaling analysis of the moments of the energy and the largest cluster, obtained from the Monte Carlo simulations.

PACS numbers: 05.50.+q, 64.60.Cn UDC 536.764 Keywords: ferromagnetic transitions, phase transitions, diluted three-dimensional threestate Potts model, critical exponents, Monte Carlo simulations

1. Introduction

Over the past few years considerable attention has been turned to the effect of quenched random dilution on the phase transitions. Although the quenched randomness has for a long time been primarily discussed in the context of antiferromagnetic models, spin glasses, and competing interactions, a renewed interest has emerged for quenched disorder in models with purely ferromagnetic interactions. Many questions are still open, such as the consequences of strong disorder, the possibility of new disorder fixed points, and the related critical behaviour, to the extent that even the question of the critical behaviour of the dilute Ising model still has not been settled [1]). One of the problems which drew the attention recently is the striking effect of the change from the first- to second-order phase transition in presence of disorder.

From the experimental point of view the study of quenched random dilution is of obvious interest for understanding properties of the diluted magnetic materials, and, more generally, for dealing with the random inhomogeneities existing in all real materials. However, these studies were recently motivated by intensive and growing experimental activity focused on the phase transitions of fluids in confined media such as the aerogels, the highly porous silica glasses [2]. Such systems may be described with models where the particles of aerogel play the similar role as the quenched non-magnetic impurities within magnetic materials. Among other new phenomena, the broadening of the first-order phase transition, or its change to the second-order one was observed in extensive studies of the isotropic to nematic phase transition in nCB liquid crystals in aerogels [3] and also in the^3He –^4He mixtures in aerogels [4].

The idea that quenched disorder may change the first-order transition significantly and even lead to a continuous one was already formulated by Imry and Wortis in 1979 [5]. The Harris criterion [6], usually applied to determine the relevance of weak disorder to the second-order phase transitions from the positive sign of α, the critical exponent of the specific heat in the pure case, is not applicable when the transition in pure model is of the first order.

A phenomenological argument [7,8] which explains the onset of a secondorder phase transition induced by randomness was presented for the case of a temperature-driven first-order phase transition with symmetry breaking. The underlining mechanism is the suppression of the interface free energy by a quenched disorder and is exactly opposite to the mechanism which explains the onset of the first-order phase transition in the pure q-state Potts model, by introducing vacancies as an annealed disorder [9,10]. The argument was supported by the renormalisation-group calculations [11,7] and also by independent rigorous results by Aizenman and Wehr [12]. Both approaches also show that the effect strongly depends on dimensionality d of the system, and that, in discrete models, an infinitesimal amount of disorder is sufficient to produce the conversion to the second-order transition when d ≤ 2. In higher dimensions the conversion is still produced, but provided that some threshold amount of disorder is present.

These works have opened an intriguing question about the critical properties of the new second-order phase transition and its class of universality.

Among the arguments of general type, there is a rigorous result by Chayes et al. [13], derived on similar grounds as the Harris criterion, but which concerns the disorder fixed point instead. It requires that, in presence of disorder, the correlation length critical exponent ν obeys the inequality 1/ν ≤ d/2.

The new transition was further explored in series of works, which were almost all done in two dimensions and on the Potts model, which is often taken as a paradigm in studies of a temperature-driven first-order phase transition. Its advantage in 2d are the analytic solutions for the pure case and the exact expressions for the critical temperature T_c and the critical exponents [14]. Furthermore, self-dual transformations for this model give the exact expression for T_c even for certain classes of random interactions [15]. For these reasons most of the studies were performed for a bimodal random bond distribution. However, the choice between site, or bond randomness, or random dilution, should not be of relevance for the critical behaviour alone as long as the frustration is absent.

The early Monte-Carlo (MC) simulations that have reproduced the effect on the 2d 8-state Potts model [16] support, together with some other works [17–19], the assumption that the new critical behaviour should be Ising-like, irrespective of the underlying symmetry.

More detailed analyses of the same models performed by MC simulations in combination with finite-size scaling (FSS) [20,21], by renormalisation-group (RG) [22,23], or by transfer-matrix and conformal invariance techniques [24–30] contradict this statement. They obtain clear continuous variation with q of the magnetic critical exponent β/ν, responsible for the correlation function decay at T_c, while the temperature critical exponent ν depends on q very weakly and is quite close to the Ising value, within the error limits.

It has been pointed out by many authors that in all the approaches used the important role is played by the disorder strength, which can be partially accounted for the contradictory results. The recent thorough analyses by Picco [25] show crossover effects due to the competition between the stable disorder fixed point and the two unstable fixed points corresponding to the pure system or the percolation limit [31] when the disorder strength is varied.

Although it has been shown that the new transition is a genuine second-order phase transition it has some peculiarities due to disorder. One of them is the lack of self-averaging of certain thermodynamic quantities at T_c [32–36], the effect otherwise characteristic for the low-temperature phase of spin-glasses. This has several consequences not yet completely investigated.

It was argued [34, 35] that, in the case of absence of self-averaging, the rigorous inequality by Chayes et al. may not hold since it is related to the finite-size correlation length and not the actual correlation length.

The absence of self-averaging leads also to the multifractality of local operators, which in the 2d Potts model with quenched randomness is found both for q < 4 [37–39] and for q > 4 [40]. In this later case, Olson and Young present, on the example of 8-state Potts model, the multi-fractal behaviour of the magnetic critical exponent and only a single temperature exponent ν, close to the Ising value.

Cardy and Jacobsen [23, 41] have given an appealing and new prospect to the problem of the first-order transition with quenched disorder by mapping it to the random-field Ising model, in general dimension. They have studied the interface energy by the perturbation RG approach establishing the correspondence between the latent heat and the magnetisation of these models, respectively. The fact that the random field destroys the spontaneous magnetisation for d ≤ 2 [42] then explains the results of Aizenman and Wehr and Hui and Berker. In higher dimensions, where the latent heat may coexist with a finite amount of disorder this approach leads to the correspondence between the critical behaviour of the two models in the limit of the strong first-order transition (q >> 1).

In contrast to all this variety of results for d = 2 very roughly sketched above, in three dimensions very few calculations exist, although this case is much closer to the real systems that we have mentioned earlier. In three dimensions there are no exact results for the pure case, and the approximate approaches are technically more complicated. Monte Carlo simulations, although requiring significant numerical effort, since the computing time grows with linear size as L^3, are thus a useful tool there.

In three dimensions MC simulations have been applied [43] to the Blume-Emery- Griffiths model in order to reproduce the altering of the multi-critical phase diagram observed experimentally in^3He –^4He binary mixtures in aerogel [4]. The same result was later reproduced by the renormalisation-group calculations [44].

The MC study of the three- and four-state Potts model was undertaken [45] for the realistic model of aerogel obtained numerically by diffusion-limited clustercluster aggregation. The study has reproduced the onset of the second-order phase transition both for the aerogel type disorder and for simple dilution. In both cases it occurs above a certain threshold concentration. The extension of these studies to the calculation of critical exponents of the induced continuous transition requires intensive MC calculations with a more appropriate algorithm. We present here our first results in this direction.

2. Diluted Potts model

The diluted Potts model is described by the Hamiltonian

H = −J ∑ i,j n_i n_j δ_{σi ,σj} , (1)

where σ_i denotes q-state Potts variable at lattice site i, J > 0 is a ferromagnetic coupling and the summation is taken over the nearest neighbors of the 3d cubic lattice. The dilution is introduced by the quenched random variables n_i which take values 0 or 1 for empty or occupied sites, respectively. They can represent simple vacancies, or impurities, which do not interact either with the Potts degrees of freedom, or with each other. Dilution obeys the canonical constraint, i.e. the number of empty sites N_0 is fixed. The concentration of non-occupied sites is then c = N_0/L^3, where L is the linear size of the lattice.

In a pure case (c = 0), the three-dimensional Potts model exhibits a secondorder phase transition for low values of q, while for q ≥ 3 it is of a first-order. The threshold separating the two regimes lies slightly below q = 3 [14].

The gradual effect of finite concentrations of disorder is illustrated in Fig. 1. It was obtained by MC simulations for a 4-state Potts model, where n_i’s are set according to the realistic model of aerogel structure obtained numerically by diffusionlimited cluster-cluster aggregation. The figure represents plots of the free energy versus energy at the critical temperature calculated from single disorder configurations for three different concentrations. For c = 0.05 it has two pronounced maxima which correspond to the coexistence of the ordered and disordered phases. The barrier between them which increases with lattice size L represents the interface free energy which scales as a surface and is the evidence for the first-order phase transition. For c = 0.15 the barrier disappears with increasing L and for the still higher concentration c = 0.3 the barrier is absent as an indication of the onset of the continuous transition.

This illustrates the existence of the finite threshold for the onset of the secondorder phase transition in three dimensions.

Fig. 1 Metropolis results for the free energy F_L(E) versus E/E_{max} (E_{max} is the energy at T = 0) of the four-state Potts model for three different concentrations of aerogel. Thin, dashed, and thick line denote lattice sizes L = 12, 15 and 20, respectively.

While the results of Fig. 1 refer to the random but strongly correlated dilution characteristic for an aerogel, qualitatively similar behaviour is obtained for the simple random dilution.

We present in the following paragraphs the recent MC simulations focused on the critical behaviour of the disorder-induced second-order transition and performed for the case of simple random dilution.

We consider the three-dimensional three-state Potts model. Due to the small latent heat, the continuous phase transition sets on there at low dilution, which is of technical convenience to reduce the dispersion of data by disorder.

3. Simulations and finite-size scaling

The Monte Carlo simulations were performed on the L × L × L simple cubic lattices with fully periodic boundary conditions by using the Swendsen-Wang cluster algorithm [46], efficient in suppressing the critical slowing down at criticality.

Starting with an arbitrary configuration of spins, it consists of two steps: (i) identification of all clusters by the following rule: two neighbouring spins belong to the same cluster if they are in the same state and if the link between them is active. The later is completed with the probability p_{add} = 1 − exp(−J/k_bT ). (ii) all clusters are independently flipped to randomly chosen states. Single spins are considered as clusters. In order to obtain a good statistics, one has to perform at least 10^5 such Monte Carlo swaps (MCS) of the system. For quenched disorder, it is also necessary to perform independent MC runs for a large number of individual realisations of disorder and average over the calculated thermodynamic quantities in the end. In the present paper we denote this average by [...], while the thermal average is denoted by ⟨...⟩.

Simulations provide the distributions of energy and order parameter, but also those related to the clusters, since the Swendsen-Wang algorithm gives a direct insight into the cluster statistics.

Thermodynamic quantities of interest are then expressed through the moments of energy and the order parameter.

The specific heat is expressed by

C_L(T ) =

L^3 k_BT^2

[ ⟨E^2⟩_L − ⟨E⟩^2_L ], (2)

where the moments of energy are given by

⟨E^k⟩_L = ∑ E E^k P_L(E), (3)

where E = ∑ <l,l^′ > δσl ,σl^′ and PL(E) is the energy probability distribution. The

label L denotes the finite size.

The order parameter of the Potts model is usually defined as

M = (q⟨max{m_α}⟩ − 1)/(q − 1); m_α = ∑ i δ_{σi,α}, α = 1, 2, 3. (4)

In simulations, the average is taken over the largest components max{m_α} of each configuration in order to break the symmetry in a finite system.

Instead of using the expression (4) we calculate the order parameter as an average over the largest cluster. It follows from the graph expansion by Kasteleyn and Fortuin [47], the very basis of the Swendsen-Wang algorithm, that the distribution of clusters constructed from active bonds can also be used to calculate the thermodynamic properties [48,49] in a similar way as the purely geometric clusters are used to describe geometrical transitions like percolation.

The probability of the largest cluster is defined by

P_L(n_{max}) = 1 mcs N_L(n_{max}) (5)

where N_L(n_{max}) is the total number of occurrences of the largest cluster of the size n_{max} during mcs Monte Carlo swaps.

The related moments

⟨n^k_{max}⟩_L = ∑ n_{max}

n^k_{max}P_L(n_{max}). (6) are used to express the order parameter as

⟨n_{max}⟩_L = ∑ n_{max}

n_{max}P_L(n_{max}) (7)

and the susceptibility, by the second moment, as

χ_L(T ) = L^3 [ ⟨n^2_{max}⟩_L − ⟨n_{max}⟩^2_L ] (8)

In the thermodynamic limit, the quantities C_L(T ) and χ_L(T ) have a singularity at the critical temperature T_c. For the first-order phase transition it is trivial and given by the δ function, while for the second order phase transition the singularities have the form power-laws described by the critical exponents α and γ, respectively. In the finite-size quantities C_L(T ) and χ_L(T ) these singularities are rounded, with the finite maxima near T_c and the finite-size scaling (FSS) analysis (see e.g. [50]) is used to recover the critical exponents. In the case of δ function the maxima will scale as L^d. In the case of a second-order phase transition the maxima scale as L^{α/ν} and L^{γ/ν} for C_L(T ) and χ_L(T ), respectively.

4. Results

The simulations were performed on lattices of linear sizes L = 10, 12, 15, 20 and 30 by considering two cases: the pure model (c = 0) and the diluted model in the regime of a second-order phase transition (c = 0.3).

Results for c = 0 are obtained with runs between 10^5 and 10^6 MCS, those for c = 0.3 with 10^5 MCS. For the diluted case, all the plots versus temperature presented in figures below (for C_L(T ), χ_L(T ) and R_L(T )) have been obtained by averaging over 30 realisations of disorder. The data used for the FSS fits (given in the insets of these figures) have been averaged over 300 configurations of disorder. The total computing time consumed for the presented material is approximately six months of CPU time on a 400MHz Pentium II processor.

4.1. Specific heat

The plots of the specific heat versus temperature are presented for various sizes in Figs. 2a and 2b for the pure and the diluted case, respectively.

According to the FSS arguments [50] for the 1^{st}-order phase transition the maxima should scale as L^d, while for the 2^{nd}-order one they scale with L^{α/ν}. The data of the specific heat maxima C_{Lmax}(T_{cL}) were fitted to the power-law form with an additional constant term present to eliminate nonsingular contributions to C_L(T ).

For c = 0, the fitted value 2.461 is quite distant from d = 3. The major reason for the discrepancy comes from the extremely weak first-order character of this transition, which requires very large lattice sizes to be detected correctly.

For c = 0.3, the scaling exponent is drastically lowered as a clear indication of the disappearance of the 1^{st}-order phase transition. Since it is very close to 0, we limit here to examine only its sign by drawing the plot of the maxima of the C_L(T ) versus ln(L). As it can be seen from the inset of the Fig 2b, the data are almost linear in ln(L), while the restriction to larger sizes suggests a positive exponent α.

Fig. 2. Plots of the specific heat C_L(T ) versus temperature compared for the pure and diluted models. (a) the pure model (c=0). The inset gives plot of the maxima versus size: the fit to the form C_L(T ) = C_0 + C_1 ∗ L^x contains C_0 = 2.223, C_1 = 0.0046, x = 2.461; (b) diluted model (c = 0.3): The inset contains the plot of the maxima of the C_L(T ) versus lnL.

4.2. Susceptibility

The plots of the susceptibility (Eq. (8)) versus temperature are presented for the pure and the diluted case, in Figs. 3a and b, respectively. In the insets of the two figures are illustrated the log-log plots of the maxima χ_{Lmax}(T_{cL}) versus size.

For c = 0 the scaling exponent is equal to 2.82 ± 0.05. The discrepancy from d = 3 should again be attributed to the weak first-order transition, as discussed earlier.

The slope of the log-log plot for c = 0.3 gives the ratio γ/ν = 1.92 ± 0.02, or, expressed by the correlation function exponent, η = 0.08 ± 0.02.

4.3. The ratio of moments

The thermal critical exponent ν may be derived directly from the moment ratio

R_L =

⟨n^4_{max}⟩ ⟨n^2_{max}⟩^2 (9) related to the Binder’s fourth-order cumulant [51]. Similar to the Binder’s fourthorder cumulant for magnetisation, it is almost size-independent at T_c. Consequently, all finite-size curves for R_L(T ) versus T cross at the same point which corresponds to the critical temperature (see Fig. 4).

Fig. 3. Plots of susceptibility χ_L(T ) versus temperature compared for pure and dilute models with q = 3. In the insets are the log-log plots of the maxima versus size. (a) c = 0: the log-log plot in the inset gives the slope 2.82; (b) c = 0.3: the log-log plot in the inset gives the slope 1.92.

Fig. 4. Plots of moment ratio R_L versus temperature. The curves for all sizes L have the common crossing at T = 1.245.

The ratio R_L(T ) also satisfies the scaling relation [48, 49]

R_L(τ ) = L^x f(L^{1/ν} τ ), τ =

T − T_c T_c

. (10)

The critical exponent ν can be determined by collapsing the curves with precision up to a few percent. In Fig. 5 are shown the curves collapsed by scaling the reduced temperature τ with L^{1/ν}. The scaling exponent was found to be equal to 1.50±0.08, so that the resulting exponent is estimated as ν = 0.67 ± 0.05. Within the given error limits, this value is consistent with the behaviuor obtained for the specific heat.

Fig. 5. The collapsed curves of the moment ratio R_L when ploted versus the reduced temperature scaled with L^{1.5}.

5. Discussion and conclusion

The effect of dilution on the critical behaviour of ferromagnetic models is a complex problem which still rises a number of fundamental questions: the difference between weak and strong randomness, the degree of universality of the disorder critical exponents, in particular when a new second-order phase transition is induced by disorder from a first-order one.

We have presented new results for the critical behaviour of the second-order phase transition induced by random dilution in 3d three-state Potts model. The critical exponents α, η and ν were studied by the FSS analysis of the moments of energy and the largest cluster. As expected, the maxima of the pure model (c = 0) do not scale so well with d, due to the weak first-order character of the transition. This, in contrast, presents an advantage for the diluted case. Clear evidence for the second-order phase transition has been obtained for the diluted case when c = 0.3. As it concerns the critical exponents, two mayor points should be discussed. The first one is the possible crossover effect dependent on the concentration c. As pointed out in 2d [25], for very low or very high concentrations, the obtained critical exponents can be influenced by the unstable fixed points corresponding to these two respective limits. Since the concentration studied in this paper is rather low, further calculations with higher concentrations are needed to examine the possible crossover effects. The second point is the possible comparison to the critical exponents of other models related to the problem, in particular those for the pure 3d Ising model (ν = 0.63, η = 0.037, α = 0.11) [52], the diluted 3d Ising model (ν = 0.684, η = 0.0375) [53] and for the percolation in 3d (ν = 0.875 and η = 0.051) [54]. According to the early conjectures, the new exponents should be compared to those of the pure Ising model, or, since the pure Ising model has α > 0, with those of the diluted Ising model. The percolation exponent should be important in the limit of large c close to the percolation threshold. The calculated exponents are clearly different from the percolation exponent, which is not unexpected. As for the other two cited classes of universality, the present calculation cannot give a conclusive answer, since all the three values involved are close to each other, the difference between them being smaller than the error margins. The results are also inconclusive with respect to possible violation of the Chayes inequality. Although the Chayes inequality is a rigorous result, it may be interpreted as a consequence of the way of averaging [34] and this does not excludes the possibility that the exponent α eventually indeed turns out to be positive.

The presented numerical approach may be extended along several directions. The work is in preparation including a systematic FSS analysis of a larger number of quantities, which, together with some additional data, should improve the accuracy in the calculation of the exponents [55]. In future it would be interesting to examine the dependence of the calculated exponents on the number of Potts states. Another, more important question, in particular for the present approach, is to examine the possible crossover effects in the model by varying the concentration of dilution. A more difficult task for the Monte Carlo approach would be to find the critical exponents of the tricritical point for large values of q and compare them to the to the corresponding exponents of the random field Ising model.

References

1) G. Mazzeo and R. Kuhn, Phys. Rev. E 60 (1999) 3823;

2) For overview see e.g. Proc. 4th Int. Symp. on aerogels, Berkeley ’94, J. Non-Cryst. Sol.

156 (1995); ibid 69 (1992) 788;

3) see e.g. H.Zeng, B.Zalar, G.S. Iannacchione and D. Finotello, Phys. Rev. E 60 (1999) 5607 and references therein;

4) S. B. Kim, J. Ma and M. H. W. Chan, Phys. Rev. Lett. 71 (1993) 2268; 5) Y. Imry and M. Wortis, Phys. Rev. B 19 (1979) 3580; 6) A. B. Harris, J. Phys. C 7 (1974) 1671; 7) A. N. Berker, J. Appl. Phys. 70 (1991) 5941; 8) A. N. Berker, Physica A 194 (1993) 72;

9) B. Nienhuis, A. N. Berker, E. K. Riedel and M. Schick, Phys. Rev. Lett. 43 (1979) 737;

10) A. N. Berker and D. Adelman, J. Appl. Phys. 53 (1982) 7923; 11) K. Hui and A. N. Berker, Phys. Rev. Lett. 62 (1989) 2507; 12) M. Aizenman and J.Wehr, Phys. Rev. Lett. 62 (1989) 2503;

13) J. T. Chayes, L. Chayes, D. S. Fisher and T. Spencer, Phys. Rev. Lett. 57 (1986) 2999; 14) F. Y. Wu, Rev. Mod. Phys. 54 (1982) 235; 15) W. Kinzel and E. Domany, Phys. Rev. B 23 (1981) 3421;

16) S. Chen, A. M. Ferrenberg and D. P. Landau, Phys. Rev. Lett. 69 (1992) 1213; Phys.

Rev. E 52 (1995) 1377;

17) M. A. Novotny and D. P. Landau, Phys. Rev. B 24 (1981) 1468; 18) M. Kardar, A. L. Stella, G. Sartoni and B. Derrida, Phys. Rev. E 52 (1995) R1269; 19) S. Wiseman and E. Domany, Phys. Rev. E 52 (1995) 3469; 20) C. Chatelain and B. Berche, Phys. Rev Lett. 80 (1998) 1670; 21) R. Paredes and J. Valbuena, Phys. Rev. E 59 (1999) 6275;

22) V. S. Dotsenko, V. S. Dotsenko, M. Picco and P. Pujol, Europhys. Lett. 32 (1995) 425; 23) J. Cardy and J. L. Jacobsen, Phys. Rev. Lett. 79 (1997) 4063; 24) M. Picco, Phys. Rev. Lett. 79 (1997) 2998; 25) M. Picco, cond-mat/9802092;

26) J. L. Jacobsen and M. Picco, Phys. Rev. E 61 (2000) R13; 27) J. L. Jacobsen and J. Cardy, Nucl. Phys. B. 515 (1998) 701; 28) C. Chatelain and B. Berche, Phys. Rev. E 58 (1998) R6899; 29) C. Chatelain and B. Berche, Phys. Rev. E 60 (1999) 3853; 30) G. Palgyi, C. Chatelain, B. Berche and F. Igloi, cond-mat/9906067; 31) A. Coniglio, Phys. Rev. Lett. 46 (1981) 250;

32) A. Aharony and A. B. Harris, Phys. Rev. Lett. 77 (1996) 3700; 33) S. Wiseman and E. Domany, Phys. Rev. Lett. 81 (1998) 22; Phys. Rev. E 58 (1998) 2938;

34) F. Pazmandi, R. T. Scalettar and G. T. Zimanyi, Phys. Rev. Lett. 79 (1997) 5130; 35) K. Bernarder, F. Pazmandi and G.G. Batrouni, cond-mat/99; 36) M. I. Marques and J. A. Gonzalo, Phys. Rev. E 60 (1999) 2394; 37) C. Chatelain and B. Berche, preprint cond-mat/9911221; 38) J. L. Jacobsen, preprint cond-mat/9912304; 39) T. Davis and J. Cardy, preprint cond-mat/9911083; 40) T. Olson and A. P. Young, Phys. Rev. B 60 (1999) 3428; 41) J. Cardy, Physica A 263 (1999) 215;

42) Y. Imry and S.-K. Ma, Phys. Rev. Lett. 35 (1975) 1399; 43) A. Falicov and A. N. Berker, Phys. Rev. Lett. 74 (1995) 426; 44) A. Falicov and A. N. Berker, Phys. Rev. Lett. 76 (1996) 4380; 45) K. Uzelac, A. Hasmy and R. Jullien, Phys. Rev. Lett. 74 (1995) 422; 46) R. H. Swendsen and J.-S. Wang, Phys. Rev. Lett. 58 (1987) 86; 47) P. W. Kasteleyn and C. M. Fortuin, J. Phys. Soc. Jpn. (Suppl.) 26 (1969) 11; C. M.

Fortuin and P. W. Kasteleyn, Physica 57 (1972) 536;

48) M. D’Onorio Meo, D. W. Heermann and K. Binder, J. Stat. Phys. 60 (1990) 585;

49) K. Uzelac and Z. Glumac, in preparation;

50) K. Binder and H. J. Herrmann, in Monte Carlo Simulation in Statistical Physics, eds.

M. Cardona, P. Fulde, K. von Klitzing and H.-J. Queisser, Springer-Verlag, Berlin (1992);

51) K. Binder, Phys. Rev. Lett. 47 (1981) 693;

52) A. M. Ferrenberg and D. P. Landau, Phys. Rev. B 44 (1991) 5081; 53) see the most recent paper: H. G. Ballesteros, L. A. Fernández, V. Martín-Mayor, A.

Muñoz Sudupe, G. Parisi and J. J. Ruiz-Lorenzo, Phys. Rev. B 58 (1998) 2740 and references therein;

54) P. N. Strenski, R. M. Bradley and J. M. Debierre, Phys. Rev. Lett. 66 (1991) 133; 55) A. Aničić and K. Uzelac, in preparation.

FAZNI PRIJELAZ DRUGOG REDA IZAZVAN ZAMRZNUTIM NASUMIČNIM RAZRJEDENJEM U 3D

Raspravlja se učinak nasumičnog, zamrznutog razrjedenja na feromagnetske prijelaze, posebice na promjenu iz prijelaza prvog u onaj drugog reda. Prikazani su novi rezultati za razrijedeni trodimenzijski Pottsov model s tri stanja. Kritični eksponenti faznog prijelaza drugog reda izazvanog neredom izvedeni su ljestvičnom analizom momenata energije i najvećeg grozda, dobivenih Monte Carlo simulacijama.