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Ordering in the site frustrated Heisenberg ferromagnet revisited
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Monte Carlo simulations of frustrated and nonfrustrated versions of the three-dimensional site
disordered Heisenberg model have been used to determine the sequence and nature of magnetic
ordering. At sufficiently high concentrations,of antiferromagnetic sites for an infinite percolating
network to form (0.3%x<0.69), two ordering events occur: ferromagnetic and antiferromagnetic
order that coexist. Coupling the two networks introduces frustration but does not destroy either
transition. However, it appears to change the universality class of the antiferromagnetic transition.
© 2003 American Institute of Physic§DOI: 10.1063/1.1539077

I. INTRODUCTION With this simple, nonfrustrated model as a starting point,
the question of magnetic ordering in the site frustrated model
A Monte Carlo study of the site frustrated Heisenbergwith J-_,#0 can be reduced to the following: Does frustra-
ferromagnet by Neilsest al! yielded behavior qualitatively tion destroy the ordering observed in the nonfrustrated case
similar to that of real materiafs.° They observed two order- of J._,=0? Furthermore, if, as we show below, that order-
ing events for 0.15:x<0.85(wherex is the concentration of ing is not destroyed by frustration, what are the values of the
randomly placed antiferromagnetic sitesorresponding to critical exponents, critical temperatures and critical concen-
first ferromagneti¢FM) ordering afT for x<<0.5 (antiferro-  trations?
magneticx>0.5) followed at a lower temperaturd () by Here we use finite size scaling of three relevant thermo-
antiferromagnetioAF) ordering forx<<0.5 (ferromagnetic ~ dynamic variables to show that bofh andT,, remain sec-
x>0.5) perpendicular to the order establishedlat Only  ond order phase transitions. Our analysis also demonstrates
T. was identified as a true second order thermodynamithat the high temperature transitigfierromagnetic forx
phase transitiorT,, was described as likely only a change in <0.5), remains in the Heisenberg universality class while
short range order and not a phase transition. It was notedhe lower temperature transitiofiransverse antiferromag-
however, that a proper finite size scaling analysis would béetic ordering forx<0.5), belongs to a different of class
necessary to determine the actual transition temperaturedniversality whenJg_,#0.
and to confirm the nature of the behaviorTa, .
The inevitability of two coexisting ordered statésM II. MONTE CARLO METHODS AND CONSIDERATIONS
and AP can be understood by considering the frustration . . . .
introduced in the site frustrated Heisenberg ferromagnet as a We have simulated the classical site frustrated Heisen-

. . 1 . . .
perturbation of a related nonfrustrated model. Sites on a Ial:_)erg model introduced by Neilseet al.” using single spin

tice are labeled either ferrdF) or antiferro-(A) magnetic. update Metropolis dynamics. Unit three-dimensioab)

They are then coupled via nearest neighbor exchange inte\rr/]—i ?tﬁngliﬁe?;i:% (;Z[fd ZﬂsszlgnialfhzuggrﬁgfgggzS:;:ﬁSt
actions ) with Jg_g=+1,Jp_a=—1 andJz_,=0 so that 9 e

the ferromagnetic sites are completely decoupled from the

antiferromagnetic sites. The problem reduces to one of per- 1.2F . . . . -
colation, familiar from the study of dilute magneti$nand M
finite temperature ordering occurs above a critical concentra- LOog_ 5
tion x. where the infinite connected cluster emerges. For the 08F T 2
simple cubic lattice in three dimensic?nsc~0.31, and since 5 las N /’m’
. .. . . 0.6 o ® E
X is less than 0.5 two distinct infinite clusters can coexist B - /dﬂf
and order independently within the same lattice. There will o4 ™ LN AF .
be two independent second order phase transitions in the 02l QW‘ML i
concentration regime 0.31x<<0.69 with critical exponents 7 FM+AF ~
characteristic of the pure system since the exponenhich 8% 0% 0.4 06 ° 08 - 10
governs the singular portion of the free energy is negétive. X
Our calculated phase diagram for this model is shown inkG. 1. Phase diagram of the nonfrustrated site disordered model on a
Fig. 1. simple cubic lattice in three dimensions. Solid lines represent second order

phase transitions among paramagnéft), ferromagnetigdFM) and anti-

ferromagnetidAF) states, respectively. The results were obtained using sys-

dAuthor to whom correspondence should be addressed; electronic maitem sizes of.=6,8,10,12, and 14 averaged over 16 configurations of dis-
dominic@physics.mcgill.ca order.
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Sec. I. Each Monte Carlo stgMCS) is one attempted up-
date per spin such that one MCS correspondsltol® at-
tempted spin updates wheles the linear size of the lattice
comprised ol spins. For the results presented here we have
chosen an antiferromagnetic site concentratiorxef0.40
using lattice sizes df =8,10,12,14,16, and 18 averaged over

128,96,64,32,16, and 16 realizations of disorder, respec- 0.0
tively. .A or & 2.4[ ]
The primary quantities of interest are the magnetization S 8r % e . 1
(M;) and staggered magnetizatioN ), the instantaneous ;v 6 B8 s 1
values of which are given at timeby ? 4r %% *f.0 04 08 12 7
- | h .
2 2 2 < ° d3'°°‘>c"c>@‘-c5'v- o
Mf(t)le\/<§_‘, S+ X 9|+ X sf) : (1) 1.0} g 1
| | 1 300 []
081 % =200 R i
2 2 2 I.—L' 061 | t:{:o D@ 100 7
Mst(t)le\/(z LS| +| X LS| +| > LiSZ> , Fo4f T % b9 ENa
| | |
2

| o1=18 /Ty i
0.2 - 1=18 g%m;
0.0 . . . . dmoym. & |

-20 0 20 40

wherex,y, andz denote Cartesian components dnds an
operator with the symmetry of the antiferromagnetic state.
Average values are obtained by averaging first over fiflne FIG. 2. Finite size scaling of the magnetizatioop), susceptibility(middle)
and then over disordér] to yield [<|\/|f>] and[(Mst)]_ The and correlation timegbottom) for x=0.4 in the frustrated case. The raw
ferromagnetic and staggered susceptibilities are given by unscaled data are plotted in the insdig=0.74Ty, .

Xt,5= NBI(ME s = (M 571, (3)
where3=1/kgT, T is the temperature arkk=1. M=L"A"M(tL™), %)
We have used the autocorrelation functions
— v v
Ant, (D=[({M (O)M o(1) —(My o 0))(My 5(1)] X=L7x (L), ©)
4
to check that equilibrium has indeed been obtained by requir- __ LZ7(tLY), @)

ing that the autocorrelation functions should not depend on
the absolute origin of tim&We begin each simulation from \where the reduced temperature (T—T,)/T.. In our scal-
the high temperature paramagnetic phas&=a6T,,'?and  ing plots we have used the currently accepted values of the
cool in small temperature steps of U;3>AT=0.025T,, de-  static critical exponents of the Heisenberg mddel3
pending on the temperature regime of interest. At each tem= 0,364, y=1.387 andv=0.705. The dynamical exponent
perature we first discard between tens to thousands of corrgrsed isz=1.98, found by Brown and Cliftdfi for the pure
lation times of the slowest mode obtained from theHeisenberg modeb((:O)_ The Sca"ng around the ferromag-
autocorrelation functions prior to calculating the averagesetic transition atx=0.4 for the frustratedFig. 2) and un-
used in our analysis. frustrated cases yields an excellent collapse, implyingThat
remains in the Heisenberg universality class despite the pres-
ence of frustration. We have found that this is also true for
IIl. RESULTS AND DISCUSSION the antiferromagnetic transition in the unfrustrated model, as
expected, for concentrations £ 0.35,0.40 and 0.45 while
Autocorrelation functions generated from stochastic disno transition occurs fox=0.30 as this is below the percola-
crete time Metropolis dynamics can be written in general agion threshold.
a sum of exponentials:-A(t)=3a,e” /). The correlation By contrast, scaling of the antiferromagnetic transition
time 7 of either M; or M, is the slowestr; in the corre- for the frustrated case witk=0.40 demanded the use of
spondingAy,(t) and is related to the appropriate correlationdifferent exponentéFig. 3). The ratiosg/v andy/v, as well
length ¢ by a dynamical exponerzt such thal® 7~ &% The  as the dynamic exponeat can be estimated by fittinlyl
correlation times show the critical slowing down associated<L ~#*, yocL” and r«L?, respectively, which is valid for
with second order phase transitions because the correlation=T,,. We have founds/» ~0.35 andy/v ~2.5, in rea-
length diverges ag~(T—T.) " near a second order phase sonable agreement with the hyperscaling relatien28/v
transition. + y/v while z~3.5. Using these values with=0.7 pro-
To extract the transition temperatures and critical expoduces the best collapse. This analysis results in a critical
nents we make finite size scaling plots Mf; &, x and temperature ofT,,=0.34T,.These same exponents are
T st- These quantities should scale in the critical region as found to produce good collapse of the data for the frustrated
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from the fits toMg;, x and 7 being carried out too far from
Ty, the differences are large and consistent strongly sug-
gesting that while transverse spin freezing remains a phase
transition, frustration changes its universality class.
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