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Self-averaging of singular thermodynamic quantities at criticality for randomly and thermally diluted three-
dimensional Ising systems has been studied by the Monte Carlo approach. Substantially improved self-
averaging is obtained for critically clusterédtitically thermally diluted vacancy distributions in comparison
with the observed self-averaging for purely random diluted distributions. Critically thermal dilution, leading to
maximum relative self-averaging, corresponds to the case when the characteristic vacancy ordering tempera-
ture (0) is made equal to the magnetic critical temperature for the pure three-dimen@@ndsing systems
(T2P). For the case of a high ordering temperatuie-T3P), the self-averaging obtained is comparable to that
in a randomly diluted systemiS1063-651%99)11008-0

PACS numbg(s): 05.50:+q, 75.10.Nr, 75.40.Mg, 75.50.Lk

Systems with quenched randomness have been studied irenormalization group analysis inl=4—¢€ dimensions,
tensively for several decadgg]. One of the first results was proved the expectation of a rigorous absence of self-
the establishment of the Harris criterif@], which predicts ~averaging in critically random ferromagnéts0]. More re-
that weak dilution does not change the character of the criticently, WD used Monte Carlo simulations to check the lack
cal behavior near second order phase transitions for systerff§ Seélf-averaging in critically disordered magnetic systems

of dimensiond with specific heat exponent lower than zero [11]- The absence of self-averaging was confirmed. The
(so calledP systemy, . ,«<0=V, > 2/d, in the nonran- source of the discrepancy with their previous scaling analysis
pure pur )

dom case. This criterion has been supported by several renq‘g—as attributed to the particular size dependence of the distri-
ution of pseudocritical temperatures used in their work.

malization grougRG) analyse¢3-5], and by scaling analy- Quenched randomness has been investigated basically un-

sis [6]. It was shown to hold also with strong dilution by der two different constraints, a grand-canonical constraint
Chayeset al. [7]. For ap,>0 (calledR system§ for ex-  rayerage density of occupied spin sitgs fixed] and a ca-
ample, the Ising 3D case, the system fixed point flows fro

: - ; > onical constrainftotal number of occupied site€) con-
a pure (undiluted fixed point towards a new stable fixed sanj. The applicability of the result obtained by Chayes
point at whichaangon<0 [3—8]. et al. also to canonical ensembles, implying universality be-
For a random hypercubic sample of linear dimension tween both kinds of constraints, has been recently investi-
and number of siteN=L¢, any observable singular property gated[12,13. Monte Carlo simulation§1,13 indicate uni-
X presents different values for the different realizations ofversality for Ry in the grand-canonical ensembles with
randomness corresponding to the same dilution. This meartifferent concentration). Universality between results ob-
that X behaves as a stochastic variable with averg{le  tained in the canonical and the grand-canonical constraints at
variance (AX)2, and a normalized square widtlRy  very large values of is implied by the work of Aharony
=(AX)?/[X]?. A system is said to exhibit self-averaging et al.[13].
(SA) if Ry(L)—0 asL—oo. If the system is away from In all cases previously investigated frozen disorder was
criticality, L> ¢, & being the correlation length, the central always produced in a random way; that is, vacancies were
limit theorem indicates that strong SA must be expecteddistributed throughout the lattice randomly. Real systems,
However, the behavior of a ferromagnet at criticality, wherehowever, can be realized in other kinds of vacancy distribu-
&>L, is not so obvious. This point has been studied recentlytions. In particular, dilution in a ferromagnetic lattice can be
Wiseman and Doman@WD) investigated the self-averaging produced by an equilibrium thermal order-disorder distribu-
of diluted ferromagnets at criticality by means of finite-sizetion of vacancies, governed by a characteristic ordering tem-
scaling calculation§9], concluding weak SA for both the  perature(6). If this ordering temperaturé is high enough,
and R cases. In contrast Aharony and HargfH), using a the equilibrium thermal disorder will be similar to the ran-
dom disorder of previous investigations. Howeverg ifiap-
pens to coincide with the characteristic magnetic critical
* Author to whom correspondence should be addressed. FAX: 34temperature T§D=4.511617) of the undiluted system, new
91-3978579. Electronic address: julio.gonzalo@uam.es possibilities are open. In the present work we study the ef-

1063-651X/99/6()/23944)/$15.00 PRE 60 2394 © 1999 The American Physical Society



PRE 60 BRIEF REPORTS 2395

fects on the magnetization self-averaging in diluted ferro-

magnets obtained by thermal vacancy distributions in three- 2 g o thermal | 015 p—m—

dimensional Ising systems using the Monte Carlo approach. (e=:%':)%‘;"‘ o10]

We will study the self-averaging or lack of it in these sys- 16

tems and will compare the results with those obtained with ) i

random vacancy distributions for the same concentration. &' 5 ooolibtblidsi. .
In order to actually produce these so called thermally di- < 1.2 © thermal

luted systems we take the following steps: First we ther- = 191

malize the pure system at a given temperat@efinding a 0.8 005

numberN_, of (+) sites and a numbéaX_ of (—) sites in 000,

thermal equilibrium. Then we consider the minority kind, 04 R A

either(+) or (—) and we label them as vacancies, thereafter 051 052 053 054 055

freezing in the disordered system. Only sites of the majority

kind will be occupied by spins. Once the spin system has c
bee_n prep_ared in this way, we can study any singular mag- g1 1. scattered plot of the concentration of spiosversus
netic physical property at a given temperatifg the normalized magnetization per spii[M]. ((M] is the media of

The spin systenti) so constructed will have a magnetic the magnetization in all the realizationsfM ]@dom<[ \ Jthermal
site concentratiort;=|Ng|/N, where Ng is the number of ~0.15) Results are shown for the random case wita 0.5 and
majority spins from the pure system aNe=N, +N_ isthe  ¢=0.5 (open circles and the hypercritical thermal case with

total number of sites. For a large enough value_aind # ~ =1000>TZP (black circles. Dispersion of the magnetization and
BTED, ¢, will approach 0.5 in most cases. dispersion of the concentration are similar in both cases. The inset

We perform Monte Carlo calculations of the magnetiza-ShOWS the histograms for the values of the normalized magnetiza-

tion per spin at criticality for systems thermally and ran- tion in both dilutions. The upper case correspond_satmdomdilu-
domly diluted, using in both cases the Wdlf#4] single clus- tion and the Igwe.r td.he.rmaldllutlon. Note the eq.uwalence of the
ter algorithm [15] with periodic boundary conditions, on shapes resulting in similar values for the normalized square widths.
lattices of different size&. Determinations of the magnetic
critical temperature for different dilutiongT.(p)] were in extremely low values of the normalized square width for the
good agreement with those previously given with high accuthermally diluted set of samples in the “grand-canonical”
racy by Heuef16] and by Wisemaret al. [11]. case, Rl 1073, which is around 60 times smaller than
We consider thermally diluted samples at two differentthe width found for the random casiSee the width differ-
values of § (§=4.5115=T>° and #=1000>T:=P) for the  ences in the histograms on Fig. 2
same value of. =40. We can compare this thermal distribu-  To study the self-averaging evolution we must consider
tions of vacancies with the equivalent random distributionthe behavior of the normalized square wiy, with the
with probability p=0.5. We will consider the magnetization lengthL of the system. Consequently we have diluted the
per spin for each sample at criticality; that is, the magnetiza-
tion M;[ T.(p)] for each realization i within the full set of

samples. In order to show at a glance the resulting dispersior 20 015 .

in c and inM, we use a scattered plotvs M, where each . o | :2:;2: rendom

point on the plane represents an actual realization of a given o, ’ (6=T=4511617) 010

density of sping; and a given magnetization per sgif, . 1.6 % 005

This plot contains more information than the usual histo- — £ ikl

grams. E R thermal
First we consider what we may call thepercritical case 2 * om0

where #=1000. Results are shown in Fig. 1 for=40. As 0_064

expected, both diluted sets realized by thermal and random

dilution look almost the same, showing the equivalent effects
of a high ordering temperature and random dilution. Histo-

grams for the magnetization are shown, at the “grand- 050 051 052 053 054 055

canonical” case wittp=0.5 andc>0.5 (in our realizations, c

there are never more vacancies than gpiSsnilar normal- )

ized square widths are founR@"dom_ pthermal_ 4 06 in both FIG. 2. Scattered plot of the concentration of spiosversus
M M .

the normalized magnetization per spiM/[M]: [M]random
fact that for usc>0.5 always ~0.15;[M]e™mak 0.6. Results are shown for the random case with
. S 3D p=0.5 andc=0.5 (open circles and the critical thermal case with
NeXt_ we Cons'de_r theritical Case'_HZT_C - Results are 6=T3P=4.511617(black circle3. Dispersion of the magnetization
shown in Fig. 2 again foL =40. The situation changes com- yata is increased in the random dilution case and dispersion of the
pletely. Now the critically thermally ordered set behaves dif-concentration is increased in the thermal disposition. The inset
ferently, with an increase in the dispersioncinThe magne-  shows the histograms of the values for the normalized magnetiza-
tization has been calculated at tbetical temperature for a tion in both cases. The upper case corresponds to random dilution
dilution equal top=0.5,T,(p=0.5) in order to compare the and the lower one to thermal dilution. Note the difference of the
normalized square width in both cases. In this case we findhapes resulting in different values of the normalized square widths.

cases. They are smaller than the ones on [Ré&].due to the
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FIG. 4. Log-log plot of the normalized squared width of the

FIG. 3. Scattered plot of the concentration of spiosversus  magnetizatiorR), versus the length of our system for the “grand
the normalized magnetization per sjV[M] for critical random  canonical” case. Results are shown for the random dilution with
dilution at different lengthgL), L =20 (black circle, L=30(open  p=0.5 andc=0.5 (open circles and for the critically thermally
circles, andL =40 (black squares We find[M]"®™a~0.9 for L dilution (black circles.
=20, [M]"*™Mak 0.7 for L=30, and[M]"*™2<0.6 for L=40.
Note the decrease in the dispersiorcasL increases. This behav- canonical” constraint withp=0.5 andc=0.5. The normal-
ior means that, ak increases, the system tends to a constant valugzed squared widthR,, of the magnetization is always
of ¢=0.5 corresponding to the canonical constraint. The insehround one order of magnitude b|gger for the random case
shows the same scattered plot but now for the random case Witthan for the critically thermally diluted disposition of vacan-
p=0.5 andL =20 (black circle$ andL =40 (open circles cies(see Fig. 4.

S 3D ) Intuitively, an equilibrium thermal distribution of vacan-
systems thermally at criticalityd(=T:") for different values  ¢jes at criticality implies a clustered distribution of both
of L. Of course, in all these realizations for critical thermal Spins and vacancies for a given distribution |e6mb) This
cases, the corresponding valuepoflepends on the value of jmplies an increase in the relative number of bonds between
L, but tends always to 0.5 dsincreases as it should. We nejghboring spins, and therefore an increase of the ordering
have then calculated the magnetizationTer T.(p=0.5) I and a subsequent decrease of the normalized square width
order to compare the evolution of the normalized squargor the magnetization.
widths of the thermally diluted cases under the “grand- We can summarize our results as follows: using the
canonical” constraint with the respective widths correspond-ionte Carlo approach we have investigated diluted ferro-
ing to random dilution withp=0.5. magnets using a new method to specify the vacancy distri-

The evolution withL of the full scattering plo{M vs¢)  pution which allows the “thermal” clustering of both the
for the critical thermal case is presented on Flg 3. Note hOVYnagnetiC atoms and magnetic vacancies under Speciﬁc
the evolution with increasing of the “cloud” of points  “thermal” conditions. This kind of thermal dilution gives
reduces the dispersion in the valuescpfand the “cloud”  results totally equivalent to those obtained with the usual
tends to that for the canonical case, as should be, accordingndom dilution method when the order-disorder distribution
to [13]. This behavior is also appreciable for random dilu- of the vacancies is obtained away from criticalitypercriti-
tion, even when the decrease in the dispersior ot so 3| conditions#>T=P) but it gives strongly different results
easily seen, due to the restrictionge= 0.5 only(see insetin 4+ critical conditions 0=T2D).

Fig. 3. A more accurate statistical study will be needed to |, ¢onclusion, our Monte Carlo results in critically ther-
iqvestigate quantitatively the behaviorif, yvith the di_men- mally diluted (as opposed to randomly diluted'grand-
sionL of our system, and, in agreement with Ref3] higher  .5nonical” samples with. increasing show substantial self-

valges ofL will be neqded to find total uni\{ersality of t_Je— averaging improvement of the magnetization in three-
havior between canonical and grand-canonical constraints. 4 ansional highly dilutedf=0.5) Ising ferromagnets.

The main result of this study is the substantial improve-
ment in the self-averaging using a thermal distribution of We gratefully acknowledge financial support from DG-
vacancies for allL values considered under the “grand- CyT through Grant No. PB96-0037.
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