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Damage propagation at the interface’s
localization-delocalization transition of the confined Ising model
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The propagation of damage in a confined magnetic Ising film, with short-range competing magnetic fields
(h) acting at opposite walls, is studied by means of Monte Carlo simulations. Due to the presence of the fields,
the film undergoes a wetting transition at a well-defined critical temperaty¢r). In fact, the competing
fields cause the occurrence of an interface between magnetic domains of different orientatiofis. For
<T,(h) [T>T,(h)] such an interface is bouridnbound to the walls, while right af,,(h) the interface is
essentially located at the center of the film. It is found that the spatiotemporal spreading of the damage
becomes considerably enhanced by the presence of the interface, which acts as a “catalyst” of the damage
causing an enhancement of the total damaged area. The critical points for damage spreading are evaluated by
extrapolation to the thermodynamic limit using a finite-size scaling approach. Furthermore, the wetting tran-
sition effectively shifts the location of the damage spreading critical points, as compared with the well-known
critical temperature of the order-disorder transition characteristic of the Ising model. Such critical points are
found to be placed within the nonwet phase.
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[. INTRODUCTION spreading method is a powerful and useful technique that has
been applied, for example, to Ising systéiné’as well as to
The study of the thermodynamic properties of confinedspin glasse&}*°for a review see, e.g., Ref. 50.

systems has attracted considerable attention over the last In order to apply the damage spreading method one has to
decades % The critical behavior of confined fluids is rather start from an equilibrium configuration of the magnetic ma-
different from the bulk criticality due to the subtle interplay terial at temperaturd. Such a configuration is generically
between finite-size and surface effects. The interaction of alled the reference or unperturbed configurat®H(T).
saturated gas in contact with a wall or a substrate may resuffubsequently, a perturbed configuratiBf(T) is obtained
in the occurrence of very interesting wetting and capillarylust introducing a small perturbation ”_‘35\”)- This proce-
condensation phenomena, where a macroscopically thicRUre® can be achieved, e.g., by flipping a small number of
liquid layer condenses at the wall, while the bulk fluid maysplns of the unperturbed configuration. The time evolution of

remain in the gas pha$&:3! The wetting of solid surfaces Lheecopﬁqretu;]b::;gg ;Sftg Egmznt/i |nte;er:ij:”ec?{u;eaeltrger:]:E;ncan
by a fluid is a phenomenon of primary importance in many, e y y

fields of practical technological applicatiofisbrication, ef- finite) or it can propagate over the whole system. The latter
g P 109 pp S . scenario may be undesired when a thermally stable magnetic
ficiency of detergents, oil recovery in porous material, stabil

: . . ; . > “"material needs to be achieved. A simple measure of the per-
ity of paint coatings, interaction of macromolecules with in- turbation is the “Hamming distance” or damage between the

7.32-3 : _
terfaces, eté! Aj _unperturbed and the perturbed configurati$hs. Then the
Wetting transitions are also observed when a magnetigme evolution of the perturbation can be followed evaluating

material is confined between parallel walls where competingne total damag®(t) defined as the fraction of spins with
surface magnetic fields act. For example, when an %ty gifferent orientations, that is,

film is confined between two competing walls a distahce

apart from each other, so that the surface magnetic fielgls 1 N A 5

are of the same magnitude but opposite direction, it is found D=5y El ISt T)—S(t,T), ey

that the competing fields cause the emergence of an interface

that undergoes a localization-delocalization transition. Thisvhere the summation runs over the total number of spins

transition shows up at an-dependent temperatuig,(L,H) and the indexl (1<I=<N) is the label that identifies the

that is the precursor of the true wetting transition temperaturspins of the configurations.

Tw(H) of the infinite systen:!%837 |t should also be re- In our previous study of damage spreading using Ising

marked that, although the discussion is presented here imagnets confined in two-dimensional geomeffiesid in the

terms of a magnetic language, the relevant physical concepabsence of external magnetic fields, it has been shown that

can rather straightforwardly be extended to other systemthe presence of interfaces between magnetic domains, in the

such as fluids, polymers, and binary mixtures. direction perpendicularto the propagation of the damage,
On the other hand, the study and understanding of theauses the spatiotemporal enhancement of the spreading.

propagation of perturbations in magnetic material is also ®ue to this interesting feature and in order to contribute to

subject of increasing interest. For this purpose, the damagie understanding of the role played by the interfaces, the
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aim of this work is to investigate the propagation of the
damage at the interface generated by the localization-
delocalization transition of the Ising magnet confined in the
presence of competing magnetic fields. In this case, and iwhere AH is the difference between the energy of the
contrast to the previous wofk the propagation of the dam- would-be new configuration and the old configuration, and
age occurs in the directigparallel to the interface. In order B=1/kgT is the usual Boltzmann factor.

to carry out the study, Monte Carlo simulations of the Ising The time is measured in Monte Carlo time st¢pkCS),
magnet in confined, thin-film, geometries are performed. Imsuch as during one Monte Carlo step lalkk M spins of the
posing open boundary conditions and surface magnetic fieldsample are flipped once, on the average. The Ising magnet in
along the surfaces of the films, the propagation of the damtwo dimensions and in the absence of any external magnetic
age in both directions, parallel and perpendicular, to the dofield undergoes a second-order order-disorder transition

. exp(—pB-AH)
PR ) = T e — B AR)”

()

main interfaces can be studied. Furthermore, extrapolationshen the temperature is raised from a relatively low initial

of the results to the thermodynamic limit allow us to deter-

value. The critical point is the so called Onsager critical tem-

mine the critical points of damage spreading and locate themeraturekgTc/J=2.269 ... 3
in the wetting phase diagram, as evaluated exactly by In order to evaluate the damage according to &y.first

Abraham®’
The manuscript is organized as follows: in Sec. Il the

the reference configuratio®* is generated, using the simu-
lation method described above. This can be achieved starting

numerical procedure for the simulation of damage spreadinfrom a random configuration and applying the Glauber dy-
in confined geometries is described. Section Il is devoted tmamics during 1®MCS. Subsequently, a replica of such a
a brief discussion of the equilibrium configurations charac-configuration is created and the spins of the central column
teristic of confined geometries with competing applied mag-{i=M/2) are flipped as follows: if the magnetization of the
netic fields. The results are presented and discussed the n@hole sample is greater than zero the up spins are flipped

sults in Sec. IV, while the conclusions are stated in Sec. V.

Il. THE CONFINED ISING FERROMAGNET
WITH COMPETING FIELDS AND THE MONTE CARLO
SIMULATION METHOD

The Ising model with competing surface fields in a con-
fined geometry of sizé& XM (L<M) can be described by
the following HamiltonianH:

M,L M M
H==3 3 ojjomh2 ou-h2 o, (2
(ij,mn) i=1 i=1

down, otherwise the down spins of the column are flipped
up. Using this procedure the perturbed configura®Snof
Eq. (1) is generated and it is assured that the initial damage
(att=0) is alwaysD(t=0)<1/M. This kind of perturbation
reproduces the effect of a large magnetic field applied at the
middle of the sample and pointing away to the direction
opposite of the actual magnetization of the whole sample.

The time evolution of the damadeg(t), evaluated using
Eq. (1), is then followed applying the Glauber dynamics to
both configurations. At this stage it is essential to use the
same random numbers in both systems in order to perform
the updates?

Applying the Glauber dynamics to the Ising ferromagnet,
it is known that a critical temperature exists for damage
spreading Tp), such as fofT>Tp the damage spreads out

whereo;; are the Ising spin variables, corresponding to theover the whole sample while far<Tp, the damage becomes

site of coordinatesi(j), that may assume two different val-
ues, namelyg;;==*1; J>0 is the coupling constant of the
ferromagnet, and the first summation of E2). runs over all
the nearest-neighbor pairs of spins such as£M and 1
<j=<L. The secondthird) summation corresponds to the
interaction of the spins placed at the surface lajyerl (]

=L) of the film where a short-range surface magnetic field
h; (h.) acts. Open boundary conditions are assumed along

the M direction of the film where the fields act.

healed after some finite tint8 Extensive numerical simula-
tions done by Grassbergér? have shown that, in two di-
mensions and in the absence of external magnetic fields,
Tp=0.992T.

IIl. DISCUSSION OF EQUILIBRIUM CONFIGURATIONS
IN CONFINED GEOMETRIES
WITH COMPETING FIELDS

In this paper, only the case of competing surface fields Since the aim of this manuscript is to investigate the role

such ash,=—h, in the absence of any bulk magnetic field,
is considered. So, hereaftar=|h,|=|h | will be used ge-

played by the interface between magnetic domains in the
propagation of damage, worth discussing are the different

nerically to specify the short-range surface magnetic fieldequilibrium configurations characteristic of confined geom-

that is measured in units of the coupling constantUnder

etries under different surface field conditions, close to the

these conditions and for a suitable range of fields and temwetting phase transition. The situation originated by the pres-
peratures, one may observe the onset of an interface betweence of competing surface magnetic fiefds= —h, [see Eq.
magnetic domains of opposite direction running along thg2)] can be described in terms of a wetting transition that

film, as will be discussed in detail below.
The evolution of the Ising film is simulated using the

takes place at a certain field-dependent critical wetting tem-
peratureT,,(h).>°In fact, for T<T,, a small number of rows

Glauber dynamics, so a randomly selected spin is flippegbarallel to one surface of the film have an overall magneti-

with probability p(flip) given by

zation pointing to the same direction as the adjacent surface
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FIG. 2. Snapshot configurations obtained aftet MCS in con-
fined geometries of size=24 andM =1200. (a)—(c) Typical spin

semi-infinite Ising strip with opposite short range surface fields. Theconfigurations when short-range fields with opposite signs are ap-
solid curve is the exact critical line, as obtained by Abrah@ef. plied at bottom and top files of the lattice, respectlvely. In these
37). The vertical dashed line is the boundary between the disorderegSes: the snapshots are takerT at0.80T¢ and different surface
phase at the right-hand side and the ordered one at the left-harftglds: (@ h=0.4, within the nonwet phaseb) h=0.6, near the
side. The results obtained for the damage spreading transition ef!itical wetting curve; andc) h=0.8, within the wet phase. The

trapolated at the thermodynamic limit are shown as filled circles/0cation of these points are shown in the phase diagram of Fig. 1.

and the dotted line has been drawn to guide the eyes. Crosses indfl) Typical equilibirum configuration obtained in absence of mag-

cate the three points, of the phase diagram, where the snapshdi€tic fields, applying open boundary conditions, and closgdo
pictures shown in Fig. 2 were obtained. T=0.99T.. Note that the horizontal coordinate has been reduced

by a factor of 5 in comparison with the vertical one for the sake of
clarity of the picture. Sites taken by downs spins are shown in black
while up spins are left white.

FIG. 1. Wetting phase diagranm (vs T/T¢) corresponding to a

field. However, the bulk of the film has the opposite magne
tization (i.e., pointing in the direction of another competing

field). Also the symmetric situation is equivalent to the Pr€~t5 one of the surfaces of the fil(localized interface; nonwet
vious one due to the spin-reversal field-reversal symmetryregime For T>T,(L,h) [Fig. )], the wall betvv,een do-

. . w H . ’
"Mains moves along thie-direction and the system enters to

is tightly bound on the surface, are characteristic of the NON o wet regimedelocalized interfade The mean position of
wet phase _Of the sys_tem that occurs at low enough eMPErgie interface remains close to the center of the film just at
tures and field¢see Fig. 1L Increasing the temperature, such T,,(L,h) [Fig. 2(b)]

w(l, . :

an interface moves farther and farther away from the surface : ST .

towards the bulk of the film. Just &%, the interface is lo- shi'fbt\gctcc)):/s;nrg s‘|t'0(H;eactgtsjiﬁéioscalmg thedty T, (L)
cated in the middle of the film and the system reaches the W
wet phase for the first time. FAr>T,, the interface is no To(e,h)—T,(L,h)~constx L™, (5)

longer localized and the system is within the wet ph@se . C
Fig. 1). For additional details and discussions see, e.g., Ref. 9hen the system size tends to the thermodynamic limit.

and 9. For further discussions on the localization-delocalization
It should be noticed that the above-discussed wetting trarff@nsition of the Ising system in confined geometries see,
sition takes place in the thermodynamic limit only and the®9-; Ref. 3 and 10.

phase diagram has been evaluated exactly by Abraham, Finally, it is worth discussing the equilibrium configura-
yielding tions obtained in the absence of magnetic fields and close

below T, as shown in Fig. @). In this case the confined
exp(2J8) - [cosi2JB8) —cos2h.8)]=sinh(2JB), (4)  system forms a nonuniform state given by a succession of
. . ) . . up-spin and down-spin domains, which are essentially or-
whereh,(T) is the critical surface fielfthe inverse function e req 4t length scales such as the standard correlation length

of the W_ettlng temperaturé,(h)]. . . . (&) remains smaller than the characteristic size of the system
As discussed above, a well-defined wetting transmoné

. S <L), but the domain walls are randomly placed. The op-
takes place in the thermodynamic limit only. Nevertheless, a ¢<L) yP P

h in Fig 2 fthi . i | ration of surface magnetic fields favors the parallel spins,
shown In Fig 2 a precursor of this wetting transition can also 4 g suppresses this domain formation. These facts can

be observed in confined geometries for finite values 8f be recognized from a visual inspection of the domain pat-
This precursor is most correctly described in terms of .15 shown in Fig. 2

localization-delocalization transition of the interface, which
takes place at-dependent critical temperaturgs,(L,h)].

In fact, for T<T,/(L,h) Fig. 2@@)] one observes coexistence
of two phases, each of them having opposite magnetization. Monte Carlo simulations have been performed usding
Furthermore, the interface between domains is located closg M lattices, for the choices =12, 24, and 48 ani1 =50

IV. RESULTS AND DISCUSSION
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X L. Preliminary runs indicate that the damage spreading ST 2 T
transition can be observed, in principle, for any range of 107°F g/,v/ﬁ“ E|
temperatures and fields close to the critical wetting line as : 5% -7 ) L ab £
defined by Eq(4). However, when the temperature is very o gvas ]
low the system becomes almost frozen making difficult the Alo 3 a%%/" :AA o T=0.60T,
acquisition of data with reliable statistics. Also, foe>Tc o f g g%;z:z‘ 2t o T-0.65T, ]
the system is disordered preventing the occurrence of the Qlo*i} % % g;ﬁﬁ” o T=0.70Tg ]
wetting transition. Taking into account these constraints, an : g FE RS
extensive study of damage spreading has been performe a o © :°°°°o : o085 T |
only close to two particular points of the whole wet nonwet 107 ° o0, ° v T=0.90Tz§
phase diagram, namely, fdh,|=|h |=0.5; T,(h=0.5) : ° o ® o0 x T=095T.]
=0.863¢, and forT,,=0.90T¢;|h;|=|h |=0.4291. Addi- S (@) °o ® . T
tional studies have also been carried out closeTtp O o el %
=0.75T¢;|hy|=|h |=0.6652 and T,,=0.95T¢;|h,|=|h,]| 10° 10' 10° 10° 10*
=0.3053. In view of the obtained results, it is expected that t
the main conclusions obtained from the study will hold close T T
to the whole critical wetting curve. 107'F o T=075 T, v s
In order to characterize the global dynamics of the propa- F o T=076T, L7 VV/V ]
gation of the perturbation, the whole damage given by the Lo T=0.78T, /»/D’
Hamming distanceD (t) [see Eq.(1)] has been evaluated. 107 & T=079T, . e <
Also, the survival probability of the damadigt), that is the F < T=0.80T, v,
probability that at timet the damage is still propagating, has = [ » T=082T; . ;/’ L e 99
been measured. It should be noted that for a singleP(t), QA 107 ~ T=086Te o7y e E
is a stepped function such @&(t)=1 [P(t)=0] if D(t) ; LT L ;22 s,
>0 [D(t)=0]. The step is located at a certain time, pre- - § 278888 s %,
cisely when the damage becomes healed. However, after a\ 10'4;‘ ° 8 . 3
eraging over a large number of different samples, as in the - (b) o ]
present workP(t) becomes a smooth functigeee also be- 10_5‘ T
low). 0 1 P) 3 1
Also, to study the spatiotemporal evolution of the pertur- 10 10 10 t 10 10
bation, the damage profile in the perpendiculparalle) ' _
P.(i,t) [Py(i ,t)] direction is defined as follows: FIG. 3. Log-log plots oD(t) vst obtained at different tempera-

tures as indicated in the figure, applying short-range fields of mag-
1 L nitude h=0.5, and using lattices of sizéa) L=12, M=601 and
P(i,t)==— Z |S,Aj(t,T)—S|Bj(t,T)|, (6) (b) L=24, M=1201. The dashed lines have slopgs 0.90 and
L= ' have been drawn for the sake of comparison.

and 0.65T¢, and 0.60 ¢ in Fig. 3@] it is observed that the dam-

1M age is healed after a relatively short time. However Tor
Py(j,t)= 5 E |3A,j(t,T)_3?j(t,T)|, (7) >TW(L_) [e.g. forT=Q.80TC and 0.89 in Fig. 3@] the
2M =1 spreading of damage is actually observed.

5 It should be noticed that using finite lattices, the onset of
where ﬁj(t.,T).andSﬁ'j(.t,T) are the unperturbed and per- yamage spreading is observed.alependent “critical” tem-
turbed equilibrium configurations, respectively. This def'”"peratureiTD(L)], while the actual damage spreading tran-
tion of the perpendiculafparalle) damage profile represents gjtion is defined in the thermodynamic limit only, i.e., at
the average damaged sites of ifie—=1,... M column 1 () The |atter can be obtained using an extrapolation
(jth—j =1... ,L'row) of the lattice. In order' to char_acte_rlze procedure, similar to that given by E¢p), as will be dis-
the profiles it is also useful to determine their widths o,ssed below. As expected, finite-size effects cause the actual
[(wx(1)) and(wy(1))], as well as their amplitudeghy(t))  transition to become rounded and shifted, as, e.g., can be
and(_hy(t)>1, respectively. The _propaggtion of the damage isppserved comparing Figs(8 and 3b), which have been
studied using two approacheg) keepingh=0.5 constant  gptained using lattices of different sizes. The straight lines
and_varyingT, and (i) keeping T=0.90T¢ constant and gpserved in Figs. @ and 3b) for T=Tp(L) suggest a
varying h. power-law behavior such as

A. The caseh=0.5, T variable D(t)oct?, (8

Figure 3 shows log-log plots of the damabd€t) as a where is an exponent. Disregarding the early time behav-
function of time. It is interesting to note that the localization- ior of D(t) (say, up tot~30 MCS), the best fit of the data
delocalization transition is roughly revealed by the behavioshown in Fig. 8a), using Eq.(8), gives =0.90+0.02.
of the damage. In fact, fof <T,(L) [e.g., forT=0.70T, Simulations performed using bigger lattidds= 24, and 48,
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ok TN B PPN MV Ceel-n2 "
S ?;gzggg 9999 03 333 7 3 06- 2121204 IC O
09%aq, Coo o 000 0.5 . i K 7
107'F o T=070T, L ° [ i
s T=0.75T, o "o ] 5 0'4f 5.'.5 -
o o T=0.78 T " aag . “ oo
T . T=0s0T, ° : a 0.31 S TyT=0863
1074 <« T=085T, 4 o2k S ]
F v T=090T, ° ] I i i
> T=095T o 1 = : .
« T=099T, o o ol (a)
3 Ob_e:::0::.ame-ondn-ud_ ' | S——
10°F ° E 0.6 0.7 0.8 0.9 1
C Lyl ol 1l el 7
10° 10' 10° 10° 10" TTe
t
T T T T a | T i '
FIG. 4. Log-log plots ofP(t) vst obtained at different tempera- 05-®eL=12 w._ Um0 .
tures as indicated in the figure, and using lattices of kizel2 and | moL=24 g e oy
M=601. Short-range fields of magnitutie-0.5 are applied at the 0.4- Posie L T, -+
walls of the sample. I Tt
I
[ [} ]
see, e.g., Fig. ®)] also give =0.91+0.01, where in all §O'3 i
cases the error bars merely reflect the statistical error. A i h.=0.429
Notice that damage spreading is also observed for a tem- 02 :/C |
perature slightly belowT,, [e.g., atT=0.80T¢ in Fig. 3a) i
and T=0.82T. in Fig. 3b)]. This observation is due to the 0.11 ! 7
operation of finite-size effects causing the effective location I P (b) 7
of the prewetting temperature to be slightly beldy [see O -o-;-m™ v, 111
Eq. (5)]. Eventually, this result may also indicate that the 0.1 02 03 04 0'5h0'6 0.7 08 09 1

critical temperature for damage spreading lies belqy as

will be discussed below. FIG. 5. Plots of the stationary survival probabilifs.,=P
The survival probability of the damagde(t) is shown in () as obtained using lattices of sizes=12 (M =601), andL
Fig. 4, as a function of time It is observed thaP(t) tends =24 (M=1201). (a) P Vs T/Tc obtained taking short-range
to vanish forT<Tp(L), while it reaches a stationary value fields of magnituden=0.5 (the dotted lines have been drawn to
for T>Tp(L). So, it is possible to define the stationary sur-guide the eyes The vertical dashed line indicates the exact critical
vival probability Pg,: as the asymptotic limitPg,,=P(t wetting point:T,,(hc=0.5)=0.863T¢. (b) Py, vs h obtained tak-
—) [see Fig. Ba)]. In this case, finite-size effects are alsoing a fixed temperaturd =0.90T¢ (the dotted lines have been
observed. In fact, the step function expected forRag(T) drawn to guide the ey@sThe vertical dashed line corresponds to
becomes rounded for lattices of sizes12 andM=601.  the exact wetting critical pointic(T,,=0.90T¢) =0.4291.
However, the damage temperatdrg(L) can be determined
as the mean value of the rounded step.
Figure 6 shows log-log plots of the width of the damage R e A

A
profile (w,(t)) vst obtained takindv= 0.5 and different tem- o T-077T, f/‘ o
peratures. It is observed that fée> Ty (L) [T<Tp(L)] the 10°F = T=0.80 T, g% o -
width exhibits an upwarddownward curvature. However, - o T=0.85T, //‘; o %o °
straight-line behavior emerges for a certain temperature that A s T=0.90 T, y,gé ° o
is identified asTp(L)~0.78. Based on these observations, = « T=095T, g'gu; o
the following scaling law is proposed, g | v T0NT, §o°
V 10t " E
(@ (1))oxte, (9) i o
where « is an exponent. The best fit of the data gives — =
2080'_'_001 100 | N | T |
It is worth mentioning that different behavior has been 10° 10' 10° 10° 10°
observed for zero surface fielda€0) close to the critical t
temperaturd® In this limit the critical temperature for dam- FIG. 6. Log-log plots of w,(t)) vst obtained at different tem-

age spreading is well known, namelf,5(h=0,L=%=)  peratures, as indicated in the figure, using lattices of kizel2,
=0.992T .>5?However, in this case a crossover between avi =601, obtained taking short-range fields of magnitixe0.5.
short-time regime and a long-time regime is found close torhe dashed line has a slope=0.80.
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: LM T B 0.88— — |
10—1‘_ ¥ ;/A “ o 3
E < E| —
E pil 2o 0.86
-2 z - ° °
10 & BQE,A/AM’ 3 0.84 I
g gyizaeT e o 3 -
A % § 1000 s o”® 1 ~ 0.82 _
w0y 1 s o ° E =
- 3 § ° pa 8@ o T=0.70T, 3 \/Q F B
v i b 0" o T=0.75T, ] — 08 N
10°F 000 o° s T=0'80TC_§ +
é ° ° 0® a T=0.85 Tc ] 0.78 ]
o < T=090T, A |
10°F ° 5 T=095T, 3 0.76 .
: > T=0.99T, L
—6 vl Lo ieenld el o canad 4 L | 1 | | 1 L 1
10,7 10! 102t 10° 10° 0.745 0.02 0.04_ 006 0.08
L

rF![Gr. 7 Log_-r:zg p:o(tjs_zf(tlply(tf)_) VrSt Obfln?dttgt d'ﬁir?;}eﬁm_ FIG. 8. Damage spreading critical poirfig(L) as a function of
peratures, as indicated | € figure, using latlices of &t ! L1, obtained for lattices of different sizes €12, 24, and 48,
M =601, and applying short-range fields of magnithde0.5. The . _ . )
dashed line h | 098 with M=50xL), and applying short-range surface fields of mag-
ashed line has a slope=0.98. nitude h=0.5 (filled circles. The dashed line extrapolates to the

. . . critical temperaturdp /Tc=0.84+0.01. Filled squares correspond
t=350 MCS. Fort<350 MCS the data is consistent with  the interface localization-delocalization transitighg(L) as ob-

as7=0.5170.005, while fort>350 MCS one hasxit  tained forh=0.5 and using the criteria of the maximum of the
=0.79£0.01. These results also suggest that diffusivelikesusceptibility (Ref. 3. The solid line extrapolates to the wetting
behavior, as expected far=1/2, dominates the short-time critical temperaturd,, /To=0.863.

regime, while the propagation of the perturbation becomes

faster within the long-time regins. the central rows of the filmi¢-L/2). This fact is in qualita-

The observed difference between the case9) andh i t with th Its di d 0y Th
=0 can be understood with the aid of the snapshot conﬁgu—'ve agreement wi € resufis discusse (fug(t)). These
rations shown in Figs. @-2(c) and Zd), respectively. In observations are consistent with the fact that large fluctua-

fact, when the interface is most likely localized at the centefiONS capable of catalyzing the propagation of the damage are
of the strip running parallel to th#l direction, where the Present along the interface, while at the walls and due to the
surface magnetic fields are applied, one expects a uniforr@Pplied magnetic fields, the orientation of th_e_spln_s is more
propagation of the perturbation as Observed in F|g 6. HOWstable. It should be noted that due to the finite size of the
ever, forh=0 the occurrence of magnetic domains of oppo-lattice, the width of the damage profilao(t)), remains
site orientation exhibiting interfaces running perpendicular toconstant close th/2, preventing a quantitative analysis.

the strip determines the onset of two different time regimes: Based on the study dd(t), P(t), and the damage pro-
on the one hand the short-time regime, characterized by thiles, the location of th&-dependent damage spreading criti-
(slow) propagation of the damage inside the bulk of mag-cal pointsTy(L), for a fixed fieldh=0.5, have been esti-
netic domains and, on the other hand, the long-time regimenated as follows: Tp(L=12)=0.79(1)Tc, Tp(L=24)

with a (fastey propagation of the perturbation effectively =0.81(1)T., andTp(L=48)=0.83(1)T. Based on these
catalyzed_by large fluctuations occurring at the interfaces ofesults and assuming th#ig (L) obeys a scaling law such as
the domains. o o Eq. (5), the extrapolatiorl () =0.84+0.01 has been ob-

The amplitude of the damage profile in the direction par-tzined, as shown in Fig. 8. This value is closglat smaller
gllel to the interfacéhy(t», as shown in Fig. 7, also exhib- hap the wetting critical temperatufg, (h=0.5)=0.863, as
its power-law behavior of the type evaluated using Ed4) (see also Fig. )L It is known that one

(hy (1))t (10 method to locate thé-dependent critical temperatures for

Y ' the localization-delocalization transitid,,(L) ], which is

where\ is an exponent. A least-squares fit of the da@@e  the precursor of the true wetting temperature in the thermo-
Fig. 7) givesA=0.98+0.01, forT=Tp(L). Also, the dam- dynamic limit, is the evaluation of the maximum of the sus-
age tends to become healed for Tp(L). Simulations per-  ceptibility, i.e., the fluctuations of the order paramét&ig-
formed using bigger lattices shows that this exponent tendare 8 also shows that a plot @%,(L) vs L ! [see Eq.(5)]
to A=1 for the asymptotic limit,L—o, e.g.,\(L=24) extrapolates tal,,(L—0)=0.863, in good agreement with
=1.03+0.02 and\ (L=48)=1.04+0.05. the exact value. Furthermore, one has thgf{L)<T,(L).

It is interesting to remark on the behavior of the damageAt this stage it is concluded that, on the one hand, it is hard
profiles along the direction parallel to the applied fields,to establish an unambiguous difference betw&grandT,,,
close toTp(L).%" In the absence of surface fields and usingwhile on the other hand, it is no doubt that the onset of
open boundary conditions, the homogeneous propagation afamage propagation is related to the localization-
the damage is observed. However, considering competindelocalization transition that undergoes the interface between
surface fields the damage is greater in the region where theompeting domains, so that, is effectively shifted to tem-
interface between magnetic domains is located, namely, ageratures far below .
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FIG. 11. Log-log plots ofh(t)) vst obtained at different short-
range magnetic fields, as indicated in the figure, using lattices of
FIG. 9. Log-log plots ofD(t) vs t obtained using short-range sjze L=12, M=601, and at fixed temperatufe=0.90Tc. The
magnetic fields of different magnitude as indicated in the figure, atiashed line has a slope=1.02.

fixed temperatureT=0.90T-, and using lattices of sizé =24,

M=1201. The dashed line has a slope0.90. ponent\ [see Eq.(10)] has been determined giver1.02
. +0.01, in full agreement with our estimation obtained keep-
B. The caseT=0.9Tc, h variable ing constant the surface fields, namelyz0.98+0.01.

In this case, the obtained results are fully consistent with It has been observed that the amplitude along the parallel
those obtained keeping the field constant and varying thélirection and the width of the profiles across the perpendi-
temperature. In fact, the total damaB¢t) grows up forh  cular direction[(h,(t)) and (w(t)), respectively exhibit
>hp(L) with exponent»=0.91+0.02 (see Fig. 9 where the same behavior as in the previous case with constant
hp(L) is theL-dependent “critical” field for damage spread- surface fields, so the corresponding figures are omitted
ing. In fact, as in the case treated in the previous subsectiofor the sake of space. Finally, our estimations of the size-
the actual critical fielchp() is defined in the thermody- dependent damage spreading critical fietg¢L) are given
namic limit only. As in the previous cases, it is observed thaty hp(L=12)=0.3(2), hp(L=24)=0.341), and hp(L
for lattices of sizeL =12, the damage spreading transition is =48)=0.351).

markedly rounded by finite-size effects, while for=24 or By comparison to Eq(5) the following finite-size scaling

L =48 that transition is better defined. anzatz can be expected to hold for the wetting critical field:
The stationary survival probability of the damagg;.; .

can also be determined, as shown in Fi@p)5as a function he(L) —he(e0)~const L™, (13)

of the surface fieldh. The fact that the stepped shapeRqf,; . . . S
is better defined in Fig.(6) than in Fig. 5a) is an intriguing whereh¢(«) is the position of the critical point in the ther-

feature that remains to be clarified. The width of the damagdh©dynamic limit. Plotting the obtained data for the damage
profile also behaves according to a power lsse Eq(8)] spreading critical fields according to EA.1) (Fig. 12, the
with an exponentx=0.81+0.01 (see Fig. 10 in full agree- ~ €Xirapolation tal. —c giveshp(L =) =0.37+0.02, while
ment with our previous estimation given ly=0.80+0.01. the exact va]ue for the.wettmg critical pomtﬁt= 0.9T,, as

It is found that the amplitude of the profiléh,(t)), also obtained using Eq(4), is h,=0.42906. As in the previous

exhibits a power law close tdy (Fig. 11). In fact, the ex-
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w sl el ro el PR
s 10' 10° 10° 10 : P -
t FIG. 12. Damage spreading critical fieldg(L) as a function of

L~*, obtained for lattices of different sizek € 12, 24, 48), and at
FIG. 10. Log-log plots of w,(t)) vst obtained for short-range different temperatures, as indicated in the figure. The da&wdid)
magnetic fields of different magnitude, as indicated in the figureline extrapolates to the critical fieldy(L—,T=0.75T;)=0.62
using lattices of sizé& =12, M=601, and at fixed temperatufie +0.01[hp(L—0,T=0.90T:)=0.37=0.02]. Both lines have the
=0.90T. The dashed line has slope=0.81. same slope.
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case, the location of the damage spreading critical point lieghe largest fluctuations in the orientation of the spins. Within
slightly inside the nonwet region of the phase diagi@®e this scenario the spreading of the damage is expected to be
Fig. 1). faster along the direction parallel to the interface where the
fluctuations can uniformly be propagated. In contrast, the
C. Complementary studies spreading along the direction perpendicular to the interface
may be slowed down by the periods where the damage has to
'cross over the bulk of the domaiffs.

- . ) . (ii) Clear evidence on the shift of the critical damage tem-
=0.95T¢ and varying the surface fields. All the obtained o a¢,re i reported. In fact, while it is well known that

results are consistent with the previous findings. In summar 5(h=0)~0.992T. in the absence of surface magnetic
applying the scaling anzatz given by Ed.), the critical fields5L%2 our findings show thatTp(h>0)<Tp(h=0)

field for damage sprgadinng(m):O.GZt 0.'01 [ho(=) when competing surface fields are applied. Furthermore, all
=0.15+0.01) was obta_lr_1ed, as compared with the exact reypq damage spreading critical points extrapolated to the ther-
sult for the wetting critical poinfe.g., Eq.(4)] given _by modynamic limit lie systematically within the nonwet phase
ho(T=0.75T¢) =0.6652 [Nc(T=0.95T¢) =0.3053. Notice ¢ e \yetting phase diagrafiFig. 1). These results suggest
that the former extrapolathn is shown in Fig. 12. . that the wetting and the damage spreading critical curves are
.A” res_ults reported previously have sc_)_far been obtainediterent and point out that the former should be slightly
using lattices of as!oect ratlo’M =50. Additional runs WEr€ shifted towards the nonwet phase. We expect that the shift
also performed taking/M =2, 10, and 25. Results obtained ¢ yhe critical damage temperature due to the presence of
using L/M=2 are strongly hindered by finite-size effects competing surface fields is a fundamental property of
since, above the effective damage critical point, the damagg,o damage in the Ising magnet which may be independent
quickly reaches the boundary of the sample. Increasing thgt the adopted dynamics. In contrast, the location of the
aspect ratio the results are in agreement with those obtainegii-o) damage spreading points within the nonwet phase
usingL/M_= 5Q. So, it is expected _that the main conclusionsmay be a property only related to the employed dynamics
obtained in this work should be independent of the aspedigauper, in the present workRegrettably, the clarification
ratio of the samples, provided that large values of this payf these points remains open and deserves further studies,
rameter are used. including the use of different dynamics such as Metropolis,
heat-bath, ete
V. CONCLUSIONS We expect that this numerical work may contribute to
Based on an extensive numerical study of the damag@e understanding of the role of interfaces in the propagation

propagation close to the wetting transition of the Ising modeP]c dgmage. The overall understan(.jing. of these cqmplex
with competing fields it is possible to draw the following physical phenomena addresses a significant theoretical and
main conclusions: experimental challenge. Such kinds of studies are stimulated
(i) The exponent governing the spreading of the tota?y Many practical and technological applications such as,
damagd D(t)=t”, see Eq(8)], in the presence of interfaces e.g., t.he design and construction of high-quality magnetic
in the direction parallel to the propagation of the perturba-mate“als'

tion, namely,»=0.90+0.02, is greater than those obtained in

In order to confirm the findings of the previous sections
additional simulations were performed B&0.75T: and T

. 41,46

the absence of t'he interface, namehz0.471+0.005. ACKNOWLEDGMENTS
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