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One-Dimensional Lattice Gas Models with Infinitely Many Absorbing States

Carlos E. Fiore and Brio J. de Oliveira
Instituto de Fsica
Universidade de & Paulo
Caixa Postal 66318
05315-970 8o Paulo, @0 Paulo, Brazil

Received on 6 December, 2005

We determined, by numerical simulations, the critical behavior one-dimensional systems with infinitely many
absorbing states. These models are modified versions of the conserved lattice gas model in which two adjacent
active particles instead of just one can jump to their neighboring sites. The models studied here are examples
of systems with many absorbing states and order parameter coupled to a nondiffusive conserved field that show
nontrivial critical behavior.
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I. INTRODUCTION when the density of particles is less then but near 0.5 and may
give rise to an active state for a density strictly less than 0.5.

One of the major tasks in the study of nonequilibrium phase
transitions is to determine the basic ingredients that distin-
guish the different universality classes. Nonequilibrium phase
transitions to a unique absorbing state generically belong to . ' :
the universality clags of directed%ercola?ion. This%onject%re_ The models we have studied are defined on a chain of
has been proposed by Grassberger [1] and later extended Bj¢S With periodic boundary conditions. A configuration is
Grinstein et al [2]. It establishes that systems with a scalapPecified by the occupation variabjethat assumes the value
order parameter exhibiting a continuous phase transition to gi =0if the sitel Is empty anchi =1ifthe S't,e' IS occuplgd
unique absorbing state generically belong to the universalitgzsy a particle. Double or multiple occupancies are forbidden.
class of directed percolation. Directed Percolation defines s0ated particles (particles with empty next-nearest-neighbor

precise universality class (described by the Reggeon field th¢'/l€S) are inactive and do not move. Adjacent sites occupied
ory) which is very robust with respect to the introduction of PY Particles are active and repel each other via repulsive short-
microscopic modifications. range interactions. As a product of this interaction, the two

active particles may jump to their neighborhoods. The contin-

Subsequently Rossi at al [3] have proposed a new unigas time Markovian dynamics consists of a series of repul-
versality class for the critical behavior of systems that possjgons events in active states.

sess infinitely many absorbing states and a nondiffusive con- Differently from the dynamics of the CLG model, in which

serve_d fl_eld. Several models have begn studied to check tr}fﬁst one particle jumps at each time step, in the present models
new finding, as the fixed-energy sandpile (FES) models [4—6]y4th adjacent active particles may jump to their neighboring
the conservative lattice gas (CLG) model [3, 7, 8], the conjtes Three versions are studied that are called model 1, 2 and
served transfer threshold process (CTTP) [3, 9] and reaction '\yhich differ by their neighborhood. In model 1 the neigh-
diffusion systems [10]. More recently, the Langevin equation,,rhood is composed by the first-neighbor site only. In model
describing systems in which the order parameter is coupled 1§ 1y the first and second neighboring sites, and in model 3, by
a conserved nondiffusive field [11] has been solved numerig,e first second and third neighboring sites. In addition, the
cally and the critical exponents have been determined [12, 13}6ighnhorhood of the right (left) particle is at its right (left). If

With the exception of the CLG, all models mentioned abovethere aren empty site in the neighborhood, the jumping prob-
present a nontrivial critical behavior in one dimension. Theability to an empty site equallsy/n. If all sites of the neighbor-
CLG model defined on a one-dimensional chain can be solveldood are occupied the particle remains at its place. In model 2,
exactly [14] and shows a classical critical behavior. For in-we have also considered a simpler model that consists in for-
stance, the order parameter vanishes linearly when half of theidding jumps to the second nearest-neighbor site when.
sites are occupied. In this paper, we consider three modified@hus, in this model, fon = 1, active sites can only jump to
versions of the CLG model, two of them exhibiting nonclas-their first nearest-neighbor site.
sical critical behavior, which is compatible with calculation In all models studied here, the number of particles is con-
from a Langevin equation [12, 13]. Whereas in the ordi-served and the density of particlesvorks as the control para-
nary CLG models just one active particle jumps to a nearbymeter. In the regime of small densities, the system falls in one
empty site, in the modified versions two active particles jumpof its many absorbing states (without repulsions). Increasing
to nearby empty sites. This process, that produces two-sitine density of particles, a phase transition takes place to the
instead of just one-site vacancies, together with the conservactive state (with repulsions) at the critical dengity The
tion of particles enhances the creation of active sites speciallgrder parameter of the system is the density of active particles

Il. MODELS
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FIG. 1: Pair density, of model 2 as a function of particle densjty

for several values of the system size FIG. 2: Pair densitypp for model 3 as a function of particle density

p for several values of the system size

Pac. In actual calculation, we have used the density of pairs oIlvhere(p(x) is a universal function. This criterion is very useful

adjacent particlep, defined as the average to determine the transition because it is invariant with respect
(Np) to the system sizk at the critical point.
Pp= Tp’ Q) A third criterion to locate the critical point consists in per-
forming time-dependent simulations. This approach consists
whereN, is the total number of adjacent particles. in studying the evolution of the system over a large number

of independent trials (we have used from 5000 to 8000 trials),

always starting with an initial configuration very close to an
. METHODS absorbing state with only a pair of particles. Each indepen-
dent trial consists in choosing a different particle to become
active and the system evolutes until a maximum ttge At
pach regular interval, we average the number of active pairs
np = (Np) and the survival probabilitys(t) (defined as the

To locate the critical densitg, for these models, we have
used three different methods. The first one consists in dete

mining the critical density by seeking a power-law behavior P/ < . .
of the order parameter on the system dizeFor sufficient probability in each time unity the system does not reach the

large systems and close to the critical point, finite-size scal- absorbi_ng state). Forlong time_s in the critical point these vari-
ing [15] establishes that the order parameter may be written if2!€S display power-law behavior, given by
the form Np(t) ~ 1, (5)

polaL) = LPMR(LYA), @
Py(t) ~t 2. (6)
whereA = p— p. and the scaling functioR(x) ~ x®, for large . i . .
x, since the behavior of the order parameter in this limit is !N off-critical regimes (supercritical and subcritical) we ex-
given by [15] pect deviations from this power law behavior. Thus, this cri-

terion is useful to locate the critical point.

pp~ &P, (3)
In the models studied where the tuning parameter is the den- IV. NUMERICAL RESULTS
sity of particles, we can only changein increments ofL/L.
To get around this restriction, values p§ for densities be- We performed extensive simulations of the models defined
tween those accessible for a givienwvere obtained via inter- above. The initial condition is generated by distribuththpar-
polation. ticles randomly among sites. A step of the simulation begins

A second criterion used to locate the critical point consistdy randomly choosing a pair of active particles. This is done

in determining the order parameter moment ratig,L) = by randomly choosing a particle and its next-nearest-neighbor
<NS>/<Np)2. According to finite size scalingn(p,L) obeys  site. If this neighbor is occupied by a particle these two parti-
the scaling relation cles jump to their neighborhood according to the rules defined

in section Il. For the simulations, we have used systems rang-
m(p,L) = o(L/’A), (4)  ing fromL = 1000to L = 8000sites ands x 10’ Monte Carlo



220 Brazilian Journal of Physics, vol. 36, no. 1B, March, 2006

2.8
-3.1 1
33 1
o
a
£
-35 1
32t 1 In
Py
3.7 1
-39 4
-3.6 : *
6 7 8 4
75 9.5

InL

FIG. 3: Pair densityy versus system sidefor model 2, for various

values of the particle density. FIG. 4: Pair density, versus system sidefor model 3, for various

values of the particle density.

2

steps. A Monte Carlo step occurs when all active sites on av-

erage are visited. For these models, we did not permit that the

system fall into the absorbing state by maintaining at least an

active site. &
The phase transition for model 1 occurspat= 1/2 and £

was found to be discontinuous with a jump equal to 0.125. 25 |

For models 2 and 3, the transition is continuous. In Figs. 1

and 2, we show the behavior of the order parameter versus

the density of particles for several values of the system size

L. To locate the critical point we have used three methods

as mentioned above. Using the cumulant method for lattices

L = 4000andL = 8000the crossings occur gt = 0.45271)

and p; = 0.424755) for models 2 and 3 respectively. We -8 -7 -6 -5 -4

have also performed log-log plots pf versusL for several InA

values ofp, as shown in Fig. 3 for model 2, and in Fig. 4 for

model 3, to verify the dependence of the order parameter ORiG. 5: Pair densityp as function ofA = p— pg for values of sys-

the lattice size. Using this criterion we fiqd = 0'4527.({5)_ tem sizel ranging from1000to 8000in the supercritical regime for
andB/v = 0.223(5) for model 2. For model 3, considering odel 2.

the critical densityp; = 0.4248 we obtained the critical ex-
ponent3/v = 0.213(4), which agrees with the value obtained 23
for model 2. It also agrees with the valg¢v = 0.217(9)
obtained by Ramasco [12]. o L1000
After obtaining the critical density, we used the values of . oo
pc to calculate the critical exponens In Figs. 5 and 6, we a 55— 18000
have a log-log plot op versusA in the supercritical regime. -
The slope of the straight line fitted to the data pointlfor -28 -
8000leads td3 = 0.277(3), for model 2, an@ = 0.278(2) for
model 3.
We have also performed time-dependent simulations for
models 2 and 3 to determine the exponéndésdn by means
of equations (5) and (6).
¢ From the power law behavior we found valuesgdgthat 338 = s s 4
are in agreement with the other methods. The following re- InA
sults are found:d = 0.13(1) andn = 0.36(2), for model 2,
andd = 0.13(1) andn = 0.33(3), for model 3. To calculate
the averages at each time we have used from 5000 to 8009G. 6: Pair densityp, as function ofA = p — pc for values of sys-
trials on a lattice of sizé = 2000 For comparison we have tem sizel ranging from1000to 8000in the supercritical regime for
used a different way to determine the expon@fior model ~ model 3.
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24 to a conserved nondiffusive field. The DP universality class
exponents are also shown. The result fois close to the

DP exponent as well as to the result obtained by Ramasco
et al [12]. The values of the other exponents in Table | are,
however, far from the DP values. The values figv and for

n are close to the results by Ramasco et al [12] and that of
is very close to that found by Dornic et al [13].

Inp,

0.4255

0.4251 TABLE I: Critical exponents of model 2 compared with results com-
0.4248 ing from the Langevin approach for systems with order parameter
coupled to a conserved nondiffusive field [12, 13] and DP universal-
ity class exponents [15] in one dimension.
0.4240
-36 : 10 13 B B/v 0 n Obs.
0.277(3)0.223(5)0.13(1) |0.36(2) |[model 2
Int 0.29(2) [0.217(9)0.140(5)0.365(10) [12]
0.125(2 [13]
0.2765 [0.2521 |0.1595 |0.3137 |DP [15]

~
N

FIG. 7: Decay of the pair densify, for model 3 as function of time
for several values of the particle densitynd forL = 10000
V. CONCLUSION

3. In this approach, the density of papg of particles was ~ we have presented simple one-dimensional systems with
measured as a function of time starting from a configurationnfinitely many absorbing states and conserved particle num-
obtained by distributing\ particles randomly. At the critical per that possess a non trivial critical behavior. These models
point it behaves as [15] are modified versions of the original CLG model. In model
s 1 the phase transition is discontinuous. The exponents deter-
Pp~1T (7)  mined numerically for models 2 and 3 are in agreement with

. : . _._results by Ramasco et al [12] and by Dornic et al [13] for a
The average pair density was calculated by using 5000 trials ine_dimensional system with the order parameter coupled to
a lattice of sizd. = 1000Q The data are shown in Fig. 7, from a conserved nondiffusive field.

which we obtaird = 0.120(5), which is in fair agreement with
the above result.

The critical exponents obtained for model 2 are presente
in Table I. For comparison we also show in the same table C. E. F. acknowledges the financial support from FuAdag
the exponents obtained by Ramasco et al [12] and Dornic ate Amparoa Pesquisa do Estado dad&sPaulo (FAPESP) un-
al [13] for systems in which the order parameter is coupledder Grant No. 03/01073-0.
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