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Influence of deterministic fluctuations on the 8-state Potts model
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Abstract

We study a layered 8-state Potts model with an aperiodic modulation of the exchange couplings. Depending on its geometric
properties, the aperiodic sequence may induce a 2nd order phase transitR80 Elsevier Science B.V. All rights reserved.

In the light of the Imry—Wortis criterion [1], fluctua- The aperiodic sequences are generated by iterating
tions may cause a 1st order phase transition to changesubstitution rules. The Thue—Morse sequence is for
into a 2nd order one. It is the case for the random-bond example generated with the rules:
8-state Potts model as first shown by Chen et al. [2].
The role played by aperiodic fluctuations at 1st order
phase transition is not currently understood.

The system considered is a layered square 8-state
Potts model defined by the following Hamiltonian

0— S(O)=01
{ ~ @

1— S(1) =10

so that the first iterations are 8 01 — 0110—

01101001 ---. The geometric properties of a se-

—BH = Ki[bs, . 0 i1+ 80111 :01:]s quence are given by its substitution matdik defined
p Z il A G’“”’G’“/] asM;; = n;(S;) wheren;(S;) is the number of digits

i i in the sequences;). The lengthL,, of the sequence

0ij=0...q¢ =1 (1) aftern iterations of the substitution rules and the fluc-
where the exchange couplings in each layer are tuations of the density\p with respect to its asymp-
given by an aperiodic sequentf € {0; 1}}x—0..2_1: totic valueps, behave as
K;i=Krli. Ly~ A0,

It can be s:pvr\:n that'dduattilityI ar%umentsda;)ply ftc;]r L Lt o
sequences which are identical when read from the 1 w1
Ief? or the right apart from the exchange<® 1, Ap = L, ,Z(:) (fi = poo) ~ ()»_0) ~ Ly ®)

i.e. when{fi}x=0..L-1 = {1 — fL+u}k=0..L-1. The here: is theith ei lue off andw = In
four sequences under investigation: periodic (known Wherex; is theith eigenvalue ot/ andw = Injisl/
to lead to a 1st order phase transition and denoted PS)/N*0 IS the wandering exponent. This exponent is

Thue-Morse (TM), Paper-Folding (PF) and Three— 24ual tow = ~oo for PS and TM (bounded fluctua-
Folding (TF) satisfy this property [3,4]. tions) andw = 0 for PF and TF (logarithmically diver-
gent fluctuations).
Large-scale Monte Carlo simulations using the

1 E-mail: chatelain@Ips.u-nancy.fr. Swendsen—Wang algorithm show that PS and TM do
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Fig. 1. Magnetic susceptibilityy for TM (§-like asymptotic behaviour) and PF (power-law) (left) and size-dependence of the energy
auto-correlation time which is expected to be exponential for a 1st phase transition and a power law for a 2nd order one (right).
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Fig. 2. Effective exponent as expected by phenomenological renormalization of the total magnetization and the magnetic susceptibility for TM
and PF at =5 (left) and effective size-dependent critical exponents obtained by finite-size scaling at the critical poitSdright).

not modify the order of the phase transition undergone y, ~ 1.50. Moreover, these critical exponents do not
by the 8-state Potts model (they nevertheless signif- depend (within error bars) on the perturbation ampli-
icantly smooth it). On the other hand, the develop- tuder.
ment of singularities in the magnetic susceptibility and
the behaviour of the energy auto-correlation time are
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