HTML AESTRACT * LINKEES

JOURNAL OF APPLIED PHYSIC®7, 10A511(2005

Universal scaling functions and multi-critical points in the site frustrated
Heisenberg model

A. D. Beath and D. H. Ryan
Physics Department and Centre for the Physics of Materials, McGill University, 3600 University Street,
Montreal, Quebec H3A 2T8, Canada

(Presented on 10 November 2004; published online 28 April 2005

Recently, the ordering scenario of three-dimensional site frustrated Heisenberg models has been
challenged. The existence of a decoupled tetracritical g@ii) where ferromagneti¢FM) and
antiferromagnetic(AF) order occur simultaneously has been modified to include a line of
multicritical points where both FM and AF occur simultaneously. In addition, numerous studies
claim that, within the mixed phase, critical exponents are altered from Heisenberg values. Here we
show that within the narrow region of proposed multicritical points, the transition temperatures
away from the tetracritical point are indeed distinct, confirming the occurrence of a DTP. In
addition, we show a universal scaling collapse of the magnetization both away from, and within, the
mixed phase using Heisenberg exponents, demonstrating that the stable fixed points are within the
Heisenberg universality class. 8005 American Institute of PhysidDOI: 10.1063/1.1855551

Multicritical points occur in a wide variety of physical is characterized by exponents of the Heisenberg universality
contexts such as superfluidity, superconductivity, anclass andii) both Tc and Ty are not equal within the pro-
magnetisml. The site frustrated Heisenberg model, studiedposed multicritical phase, strengthening the argument in fa-
here, is thought to possess a decoupled tetracritical poiror of a DTP atx=0.5.

(DTP) in the concentration-temperaturéx—T) phase The site frustrated model we consider is a classical
diagranf where ferromagneti¢FM) and antiferromagnetic Heisenberg model governed by the Hamiltonian

(AF) phases order simultaneously. As the DTP is approached I

in concentration, the transitions &t and Ty are distinct, H= —EJHS 'S, (1)
with To=Ty onlyat the DTP. The upper transition first breaks W

the O3) symmetry of the Hamiltonian while the lower tran- where the sum runs over all nearest neighbor bakdsn a
sition breaks a reduced(®) symmetry. The transitions are simple cubic lattice of linear dimensioh with periodic

all second order and the mixed phase is characterized by th®undary conditions. The distribution of bonds in site frus-
coexistence of FM and AF order. The situation is similar totrated models is expressed as

that occurring in superconductors with @pand S@2) or-
dered phase%,as well as anisotropic antiferromagnets in a
uniform external fieldH which containg,in some cases, a + JealXi(1 = X)) +x(1 =x)], (2)
DTP in the(H-T) phase diagram. S ) o

The DTP for site frustrated models was first studied 30vherex=1 if site i is occupied by a Kferromagnetig site
years ago by AharorfyThe occurrence of the DTP was later @1d X =0 if site i is occupied by an Aantiferromagnetic
questioned by Fishman and Aharoethey concluded that
four ordering scenarios were possible although none coulc 4 oF T T T T ]
be ruled out. The revised conclusion was based on the erro
neous assumption that bond and site frustrated models ar ;g4 PM
equivalent and in fact only a bond frustrated model was stud-
ied. We have recently determined phase diagrams for the sit__
frustrated Heisenberg model on three different lattficene |:
of which (simple cubi¢ is shown in Fig. 1. Our phase dia- o
gram is qualitatively similar to those given by othélesgcept S
in one respect: A recent stu%lhas claimed that the DTP at 0.4
x=0.5, whereT-=Ty, does not exist and that instead a line of
critical points exists for 0.48 x<<0.52 whereT-=Ty, and 0.2
FM and AF order occur simultaneously. In addition, Amed
otherd® have suggested that the ordering within the mixed — 0.gé—e—d——4 St
phase might not be characterized by the Heisenberg univer x
sality class of the parent model although a.ConSIStent pICturEIG. 1. Phase diagram of site frustrated Heisenberg model on simple cubic
has yet to emerge. Here we address both issues, demonstrgfsce, Transition temperatures have been normalized to that of the pure
ing that(i) both inside and outside the mixed phase the orderx=0) model.

Jij = IprxiX; + Jaal1 =x)(1 = x))
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site. For random F/A occupancy, the probability of site ' ' ' ' '
being F typeP(x;=1)=(1-x) and the probability of site 28 +0 T
being A type P(x;=0)=x. Our site frustrated model corre- fhag,, 3.0 o ay
sponds to the choice 24~ : ::"-e, 20 ]
Jrr==Jdaa=—Jra=1. (3 S 2.0 iy .
The choice of sign oflz, is irrelevant; phase diagrams with ’:‘ T
Jea=+1 are identical to phase diagrams witp,=-1 via & 181 “x 7
gauge symmet@/.\Ne simulate the model using a simple Me- X
tropolis algorithm, using a maximum of 4Monte Carlo {"1-2‘ .
sweeps prior to averaging over a maximum of Monte z
Carlo sweeps. The number of Monte Carlo sweeps is chosel 08~ .
to be much larger than the measured sample independenc
time. 0.4 ]
We have studied the model previously for many different "'J“v ot
concentration and lattice tydeand some of this previously 0.0——5 —20 o 20 n
unpublished data are used here. In addition, new data hav axu.’/”

been taken at nominal concentrations0.49 and 0.495,
within the region where it is proposed tHai=Ty, in conflict  FIG. 2. Finite size scaling collapse of magnetization data for seven concen-
with the DTP ordering scenario whefe =Ty atx=0.5only. trations spanning the entire phase diagram. Lattice sizes rangelffgm
; ; e =8 toL.=24. The exponents used are those of the Heisenberg universality

For these new SImU|at|0ns we hav_e u_ . 6, _8' 10, 12, class:8/v=0.514 andv=0.705. Size dependent fact@sandb, appear to
16, and ZQ averaging over 500 _reallzatlons of disorder for thganish near the site percolation threshijet 0.31.
smallest sizes and 100 realizations for the largest. Some new
data have also been takenxat0.5, where it can be provéd
that To=T) for bipartite lattices.

The quantities we measure are various powers of the th

magnetizatiorM; and staggered magnetizatidf,. Average

the site frustrated Heisenberg model we should be able to
(éollapse all of the magnetization data according to the uni-
versal function

values are obtained by averaging first over timeand then 1 av »
over disordef ] to yield [(M{)] and[(MZ)]. From M} we %M(X,L,T)L = M[a(x)tL™"] (7)
calculate the bond averaged, finite lattice susceptibilities
ol 3T/M2 2 with a(x) andb(x) being concentration dependent factors and
X= BLUTMD = (M) @ the exponentg and v those of the Heisenberg universality
and Binder cumulants class.
1 [(M%)] Thg fit for the mggnetization scaling according to Eq.
Bf,S:§<5—3[<MZ>]2). (5 (7), using concentrationg=0.1, 0.2, 0.35, 0.45, 0.49, 0.5,

0.55, and 0.6 and at least three differénfor eachx (Lyn
According to finite size scaling the magnetization or =8, Lmax=24) totaling 34 different data sets, is shown in Fig.
staggered magnetization scales according to 2. We use as critical eXpOﬂehQ$/V:0.5l4 andy=0.705.
i Uy The excellent collapse of the data shows that all transitions
Mg soc L M(atl™), (6) are within the Heisenberg universality class. Bathk) and

where 8 and v are the usual static critical exponents for P(X) (inset Fig. 2 vanish near the critical concentratiog

second-order phase transitiomsis a metric factor ensuring =0.6941)=~1-X, where FM order ceases, with, being the

that the functionM is universal, and=(T-T¢ )/ Tcy is the site percolation threshold. This result is consistent with the

reduced temperature. ’ ' picture we have proposédf the site frustrated model as one
We first address the issue of the critical behavior of thed! two (depending o) percolating networks of F and/or A

site frustrated Heisenberg model. According to the Harrissites ordering at finitelTc and/or Ty provided only that a

criteria® since the exponent of the free energys negative ~ Percolating cluster forms.

for the pure(x=0) modet® than the addition of disorder does ~ The second issue concerns the existence of the DTP at

not affect the leading order critical behavior, and we thereX=0.5 (Fig. 1). An accurate method for locating transition

fore expect the site frustrated model to remain in the Heisentemperatures is to first locate the extrema of a thermody-

berg universality class. A good demonstration of this univeramic quantity(here we use both the peak j s and the

sality can be found by noting that the metdaccurring in ~ Maximum slope inB; ). The extrema occur at system size

Eq. (6) can depend upon the concentratior reduced value dependent pseudotransition temperatdkgg(L) which scale

of a(x) with increasingx implies a reduced critical region according to

dominated by Ie_ading scaling exponents. Rt wheret=0, Ten(L) = Tey+ oL, (8)

M(x,L,t=0)=bL™#". The constanb can also depend upon ' '

X; a reduced value ob(x) with increasingx implies a de- neglecting scaling corrections which are avoided by using

creasing relative volume of the lattice which contributes tolarge enough. (our previous wor%showsme~8 for y and

the magnetization. Thus, if the Harris criteria is applicable toL;,~ 10 for B). We fix the exponent to that of the Heisen-
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o':.oo Yy S— FIG. 4. Phase diagram of short rang&Heisenberg site frustrated model in
| | { { { L'l/"| | the vicinity of the DTP atx=0.5. Solid lines represent the DTP ordering
0@_00 0.02 0.04 0.08 008 0.10 0.12 0.14 scenario while dashed line is a representation of the ordering scenario given
L_l/" in Ref. 8. Filled points are measured transitions while open points are given

by symmetry.
T B T P Matsubar restlts in an exchange sirain, producing a tist
Tc=Ty. The data clearly disagrees with this ordering scenario. Inset show®f the AF order which is not inherent to the model. This will
the same plot fok=0.5, where it can be proved tha=Ty, a claim which  give critical behavior different then the pupe=1) AF, and is
's supported by the data. probably why Heisenberg universality was not found in that
study’

berg universality class, which Fig. 2 demonstrated to be cor- In summary, our data confirms the DTP ordering sce-
rect. All of the transition temperatures are normalized to thapario for the site frustrated Heisenberg model. The phase
of the pure (x=0) model which we take asTc(x=0) diagram in the immediate vicinity of the DTP is summarized
=1.443J/kg. The data and fits according to E¢) are in Fig. 4. In addition, we have demonstrated that the order
shown in Fig. 3. Good agreement is found for bdthand ~ Parameters scale with Heisenberg exponents both inside and
Ty using the independent measures provided by the extrenftside the mixed phase.
of x¢s and B, the difference in measures being less than
oneo, yet clearly both transitions are distinct; the difference
betweenT-=0.573710) and Ty=0.521711) is more than
500. It is unlikely therefore that the ordering scenario pro-
posed in Ref. 8 is correct. Instead, the data supports th
existence of a DTP at=0.5. _ A Aharony, J. Stat. Phys110, 659 (2003.

Further support is provided by repeating the calculation a. p. Beath and D. H. Ryan, Phys. Rev.(® be publishey
at x=0.495 (not shown and 0.5 (inset of Fig. 3. At x  °S.-C. Zhang, Scienc@75 1089(1997.

=0.495 we gefT=0.566435) and Ty=0.535623) and at :M. E. Fisher and D. R. Nelson, Phys. Rev. Le32, 1350(1974).
_ = _ . A. Aharony, Phys. Rev. Lett34, 590(1975.

tion, gauge symmetry requires thB¢=Ty at x=0.5 for bi- F. Matsubara, T. Tamiya, and T. Shirakura, Phys. Rev. L&®. 378
partite lattices, a symmetry which applies also for finite lat- (1996.

8 .
. - T i ; S. Bekhechi and B. W. Southern, cond-mat/0406438.
tices with periodic boundary conditions provided thais 9. B. Harris, J. Phys. C7. 1671(1974.

even. Thus we must havig(L)=Ty(L) for all L as shownin = 1" chen, A wm. Ferrenberg, and D. P. Landau, Phys. Rev® 3249
the inset of Fig. 3. We remark here that use of dddby (1993.
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