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Interfaces with a single growth inhomogeneity and anchored boundaries
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The dynamics of a one-dimensional growth model involving attachment and detachment of particles is
studied in the presence of a localized growth inhomogeneity along with anchored boundary conditions. At large
times, the latter enforce an equilibrium stationary regime which allows for an exact calculation of roughening
exponents. The stochastic evolution is related to a spin Hamiltonian whose spectrum gap embodies the dy-
namic scaling exponent of late stages. For vanishing gaps the interface can exhibit a slow morphological
transition followed by a change of scaling regimes which are studied numerically. Instead, a faceting dynamics
arises for gapful situations.
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[. INTRODUCTION macroscopic hill can emerge in response to a sufficiently
large growth rate inhomogeneity as this morphology grows

After two decades of investigations the dynamics offaster than the planar interface, in turn allowing the system to
growing interfaces continues to be a subject of enormougccommodate the external bifk]. Here, we show that a
interest, providing a framework to compare experimentsSimilar scenario may also arise under equilibrium and near
simulations, and theory, let alone the wide range of applica€quilibrium conditions dominated by unusual scaling re-
tions encounteredl]. Despite the vast diversity of mor- 9imes. o _
phologies in which growing surfaces can evolve, most nu- In studying the latter it is useful to consider thg mean
merical analysis and theoretical studies pointed out the onssfjuare fluctuations of the average interface heigfi)
of scaling regimes emerging at both large time and lengthvhich yields a measure of the interfaaédth
scales. This enabled a classification of apparently dissimilar
processes in terms of universality classes characterized by a
set of scaling exponents which dominate the late evolution
stageqd1,2].

A common feature associated with these processes is thehere the brackets denote an ensemble average over all pos-
emergence of rather slow temporal crossovers in which theible evolutions of heightsh,} forming the interface at time
early dynamics exhibits quite different roughening charactert, which grows on a substrate of size On general grounds
istics from those observed in the asymptotic lif8]. The it can be argued that/ scales a$11]
presence of growth rate inhomogeneities or growth defects
localized within small spatial regions of the substrate plane W(L,t)=L4f(t/L?), (2
(columnar defecls is one of the simplest mechanisms ) ) o
whereby such crossovers can be obsefied]. Another pos- ~ Where the scaling functiofi(c) satisfies
sibility is realized by anchoring conditions through which
nonequilibrium fluctuations are completely suppressed at the f(c)~
interface boundarig$]. The main interest in those situations const for c>1.
is in the morphological phase transitions that may occur at
large times. In this work we investigate the change of scalingdence, it follows that finite systems saturate \&c<L¥,
regimes accompanying these transitions by means of a pravhereas in the thermodynamic limit the asymptotic growth is
totype restricted solid on soliRSOS growth model[6,7] ruled by the exponenB=¢{/z, that is,Wet?. The exponent
combining both of these mechanisms in one dimension. Ag describes the roughness dependence of the interface width
we shall see, anchored boundaries are essential for the apn the typical substrate size. In turn the exponenoften
pearance of equilibrium regimes which in turn allow for a known as the dynamic exponent, gives the fundamental scal-
simple calculation of roughening exponents at late stages. ing between length and time.

Morphological transitions in confined geometries actually In practice, Eqs(2) and (3) yield a standard procedure
occur in flexible manifolds characterizing physical phenom-which is often followed to extract and corroborate scaling
ena as diverse as the unbinding of a directed polymer from axponents predicted by other approaches and certainly we
wall [8], and the depinning of a flux line from a dislocation will make use of this hypothesis as well. However, due to the
in a type Il superconductofd]. At the phenomenological presence of the crossovers referred to above, a complemen-
level of the Kardar-Parisi-Zhang equati¢hQ], thoroughly  tary procedure would be needed if the former becomes ex-
studied in the continuum theory of kinetic roughening, largeceptionally slow. To this aim, we will also exploit the known
scale morphology changes can be accounted for by assumimgjuivalence between the RSOS growth models already men-
a growth velocity that is a symmetric function of the local tioned and a one-dimensional gas of hard-core particles un-
inclination of the interfac¢4], so the latter can increase its dergoing an asymmetric exclusion proc¢$s$,7] (see Fig.
growth rate by adopting a nonvanishing tilt. Therefore, al). The idea is to cast the evolution operator of the associated
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. FIG. 2. Possible evolution scenarios. Typical snapshots.for

PO e s o e 0 0 e 40 =10° usinge'/e=1 with €}/ e,=0.5 aftert=10° steps per height
L S, (left); €'/e=e€ilep=0.5 at t=500 (centey; and €'/e=0.5 with

€y/eo=5 at t=>500 (right). For e# €', fluctuations are progres-

FIG. 1. Schematic representation of monomer depositionsjvely reduced on their way to the pile configuration denoted by
evaporation onto a RSOS interface with anchored boundaries &fotted lines with slopes-1.

h;=h_, . The equivalent spir}-(snzhnﬂ— h,) or hard-core par-

ticle dynamics involves a leftright) particle hopping with ratee and their transition rates are schematized in Fig. 1. In turn,
(€') for monomer adsorptiofdesorption. The corresponding rates the typical configurations resulting from these rules at large
for the inhomogeneity aty,., aree; andeg . times are displayed by the snapshots of Fig. 2.

It is often convenient to consider the interface slope rather
master equation of this latter procek?] into a suitable than the height, so hereafter we will exploit the known map-
quantum spin representatioii3,14 lending itself more ping between RSOS interface dynamics and quantum spin-
readily for a finite size scaling analysis. Since the dynamiGystems. This correspondence can be easily visualized in the
exponentz of Eq. (2) is ultimately embodied in the gap be- scheme of Fig. 1. Associating the height differense
havior of the evolution Operathr Spin “Hamiltonian"), the Ehn+l_ hn to an eigenvalue of thgcomponent, say, of the

study of its '°"_Vef spectrum can then_provide informat_ion OfPauli operator& for site n, all relevant quantities of the
the late evolution stages in a more direct manner. Evidently, " .

this methodology along with the evaluation of the roughen mterface, such as its width and height-height correlations,

) imolified tv by th horing bound “can be casted in terms gf-spinors. By construction, it is
Ing exponent—simplified greatly by the anchoring bound- oo 4 ¢ the interface heightelative toh,) are obtained as
ary conditions—circumvents the problem of arbitrarily long

—sn-1o _ ;
transient regimes though on the other hand is limited set]”_EJ':lSJ forn=2,... L+1. Therefore, the anchoring

verely by the affordable system size%.posteriori it will conditionh, =h, ., imposes the vanishing of the total mag-
turn out that already modest lengths can yield clear finite Sizgenzat]on throughout the underlylng spin Iglne'glcs.

trends. This strategy will be explained in Sec. Il and its re- As is well known, the probability distribution of such
sults compared with those of standard techniques given iNarkov processes is controlled by a master equéftid
Sec. lll. We end the paper with Sec. IV which contains our

conclusions, along with some remarks on extensions of this atP(s,t)=E [R(s’—s)P(s’,t)—R(s—s’")P(s,t)],

work. s'

L+1

R

4)
Il. SPIN REPRESENTATION whose transition probability rateR(s—s') e{e,€e’,€q, €}
. : . . now denote thebiased spin exchanges at which a generic
Let us consider the dynamics of lattice aggregation mOdE:onfiguration Is)=|s,, ....s.) evolves to|s’) through a

els with no overhangs, including both adsorption and desor %ingle exchange of two consecutive spins. Starting from a
tion of monomers at random locations of a one-dimensional . . ST .
interface[6,7], such as that described in Fig. 1. As usual Onglven probability distributior|P(0))=2:P(s,0)|s), Eq. (4)

; - can be conveniently thought of as a Satinger-like repre-
a coarse grained level of description the state of a surface a S .

; . . . Sentation in which the ensemble averaged state vEe(o))
a given time is represented by a set of single-valued func:

tions h,(t) measuring the surface heights at positiorsr (playing the role of wave functiorcan be evaluated at sub-

. : sequent times from the action of an evolution operadtor
e s perione( 0 iamitonan on the ntl s, namel. P(0)
y PP =e "P(0)) [13]. The specific form ofH can be readily

pletely height fluctuations at=1 andL+1 for all times, . . . P X i
i.e., the interface is anchored at the boundaries. For simplic(?bta'rLGd k}y mtroduc?‘lng s.p|é| ralsmg. anq IO\ANer|n+g ?pera
ity, we study the case wherk is even andh;=h, 1, ftorSJ o, along with spin occupation fle|d$:0'.0 It '

whereas deposition and evaporation ratese’ are taken IS then straightforward to show that the stochastic dynamics

uniformly throughout the system except on sitgo+1  Of EG(4) is accounted for by the operator

where these probability values are respectiveye,. To L-1

prevent the divergence of interface fluctuations in the bulk, H=—, (enorion 1 tear jo0)

we impose a RSOS constraint, namgly,,,—h,|=1, V n=1

n,t. Specifically, growth(evaporation eventsh,—h,+2, L-1

[h,—h,—2], withn=2,... L, occur only at local minima n en 1—A)+ e n(l1—n 5
(maxima of the evolving interface. These basic processes r;l[ aMn+1(1= M) +epMn(1=Mi )] ()
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wheree,, €, are shorthands denoting, respectively,

! f L
€p,€6g for n=—,
I — 2
€n, €L (6)
e, e’ otherwise,

while the anchoring conditioh; =h, , ; confines the dynam-

ics within the subspac&,n,=L/2. The biased hopping
terms of Egq.(5) clearly describe the original growth-
desorption eventgsee Fig. 1, while conservation of prob-
ability requires in turn the appearance of the remairiig

agonal particle-vacancy correlators. We address the reader

to Ref.[14] for a more detailed derivation in related systems.

A. Detailed balance

Before continuing with an alternative spin representation

PHYSICAL REVIEW B8, 041603 (2003

e [ L
z=> 12| (10
m=0 m

wherer = €y/eo. Using analogous arguments, we can also
obtain the reduced partition functiafy which arises from
the occupation of a given siteand evaluate the spin density
(ofy=2Z;/Z—1. This results in

((L2-1 (L L
——11( = oL
> |2 2 |rm fori==,
m=0 m m
R E E—l
2 2 rm+1  otherwise,
L ™% \m+1 m

(11)

more suitable to study dynamical aspects at large times, Wgnich implies anequilibrium shockprofile stemming en-

pause and consider the steady st@®& of Eq. (5) along
with its implications on the interface character.

Given two spin configurationgs)=| ... ,S,,—Sn, - - .),
[s"y=|...,—Sn,Sn, .. .), differing at most in the state of
two neighboringn,n+1 locations, evidently detailed bal-
ance probabilities in Eq4) will hold provided that

P(s)e,=P(s')e, if (s'|H|s)=—¢,,

!
n

P(s)e,=P(s)e, if (s'|H|s)=—¢,. (7)

This can be readily satisfied defining a hard-core particl
(up-spin potential
€
)znln )+In(
8

€
through which the equilibrium distribution is simply ob-
tained as

!

€Q€E

£
'

€

!
€€

V(n)=>, |n<
=1

)@(n—L/Z),
J

P(sy, ..., )xexp— 9

%2 V(n)(1+s;)

When e=¢€’, these probabilities further enable us to con-
struct the partition functioinormalization constajtheight
profiles(spin densities as well as the spin correlation func-

tions needed to derive the equilibrium interface width. For

e+ ¢’ a rather involved recursive relation in the particle

number can be obtained for all these quantities, but its ana-

lytic solution is not reachable by standard meftf. How-
ever, this case doeawmot yield a rough interface as statistical
fluctuations become exponentially suppressed in tisee
Sec. Il B).

If e=¢’, the step function potentidB) permits to divide
the system into two independent regiop%,L/2], [L/2
+1,L] with (an’Z) configurations havind./2—m and m par-
ticles, respectively (& m=<L/2). Hence, the partition func-
tion normalizing the above SS distribution is given by

04160

tirely from the inhomogeneous potenti@) at finite particle
densities. In particular, fob — the analysis of Eqs(10)
and (11) yields the following discontinuity:

Veo— Vep

Thus, in the height representation, so long ej$eq<1
(>1) Eqg.(12) entails the sideways growth of a hilfalley)
whose sides at large times are tilted by an amount ¢$)

(02)=[1-20(n—L/2](s), (s)= . (12

L:'(elative to the substrate. Though anchoring conditions were

used throughout, tilted profiles are also observable in non-
equilibrium systems such as those considered in Réfus-
ing periodic boundary conditions.

To determine whether this morphology is actually rough,
we focus attention on the equilibrium height fluctuatiahs
=(h?)—(h,)2. Consequently, first we evaluate the spin-spin
correlations involved inh7)=(n—1)+2%;j<n_1(cof07).
Thus, once more we recur to the combinatorial reasoning and
calculate the reduced partition functiods; resulting from
the occupation of two specific sitég. After some elemen-
tary steps we obtain

Lre-2 [ L L
—_21( = oL
2 2 |rm fOI‘I<JS§,
m=0 m m
Lie—2 [ L L
——1|[=-1) oy .. L
=l > 12 2 r for i< 5<j,
m=0 \'m+1 m
Li2—2 L L_2
2 2 rm+2  otherwise,
m=0 \ m+2 m

(13

from which the required spin correlations are computed as
(ofof)=4Z;;1Z—((of)+ (o) +1). In the large size limit
the analysis of Eq910), (11), and(13) ultimately yields a
rough interface(see leftmost snapshot of Fig.),2whose
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W asymptotic kinetics via recursion-type algorithms, e.g., the
' g Lanczos techniquél6], appropriate to study fair system
100 ¢ sizes.

To this aim and with the aid of the particle potential in-
troduced in Eq(8), we rotate the above operator around the
z spin direction using a pure imaginary site dependent argu-

10 mente(n),

p(m) = 5V(n). a6

1

10 IOOL 1000 This rotation is produced by the nonunitary similarity trans-

formationU =e 'S with S=3=,¢(n)o?Z, which in turn re-
FIG. 3. Equilibrium interface width fore/e’=1. Upper and sylts in the direct product
lower dashed curves denote, respectively, the celgeg=0 and 1,
whereas solid lines going downwards standédghe,=0.1, 0.3, 0.5, el/4av(n) 0
and 0.7. U=®nUn,Un= 0 e_(1/4)v(n) . (17)

height fluctuationgcanceled at the boundarjesesult dis- . ) ) )

tributed ass,=(n—1)[1—(n—1)/L]. This simple form is Whlle _the diagonal terms of E¢5) remain unaltered by, it

in contrast with that observed in nonequilibrium SS of an-iS straightforward to show that

chored self-organized interfaces in which fluctuations in the I .

upper part of the hill are substantially redudé&d. Upoy Uy t=e™ oMo (18
The above correlations can also characterize the satura-

tion width referred to in Sec. |. Specifically, in the spin rep- From this latter transformation, one can immediately verify

resentation it can be easily checked t& may be rewritten  that the rotatedself-adjoin} operator{=UHU ~* becomes

as an openX XZ ferromagnet with a defect coupling undecal
magnetic fields, namely,
L?-1 2 _ _
WA(L)= oL +— 2 i(L=j)ofe]). (14 gLt
i H==5 2 Jloron.atodo it Aopon = 1)]
In Fig. 3 we display the size dependenceViffor several ., , ,
values ofef/e,. It turns out that the roughness exponént —h(oi—0ap)—(ho—h)(o{ = 0L jp11), (19
bears the discontinuous character of E44) and(13). More
precisely, where

1 if ey#e, In=Venep,

12 if €,=¢€p. (15
A= (et €))4ene],

Often, a value off=1 is special because it signals that the
assumption of a well defined average orientation of the in- _ /
terfacel(aparallel to the substrate plahgecomes inconsistent. o= (€0~ €0)/4, 20
Certainly, this is in line with the tilt obtained in E¢L2). For
€,= €g the conventional roughening is recovered; here the
tilt vanishes and the orientational fluctuations at large scales

estimated, for example, a&/(L,t—=)/L, decrease with.. ~ With €n, €, taken as in Eq(6). Thus, we are left with a
We shall revisit this point later on in Sec. Il A. diagonalization problem which, to some extent, is now con-

trollable by standard recursive techniqu&c. IlI).
For the sake of completeness it is worth pointing out that
the similarity transformatior{17) also enables us to obtain
As is known[12], detailed balance guarantees the exis-the SS distributiorf9). In fact, exploiting thatd is a stochas-
tence of a representation in which the evolution operépr e operator, we can express isft SS (| as an equally

IS self-adj(_)mt. Although an exgct_sqlutlon of tma_zlal) H weighted sum of all accessible configuratidig], i.e., (i
spectrum in the thermodynamic limit seems unlikely irre- _
o, _, where(0| denotes the ferro-

spective of its representation, at least a self-adjoint descrid-=<o|2“1 ----- U PRI
tion can facilitate the numerical analysis of a finite size scalmagnetic down-spin state. Hence, by constructiah)
ing approach. Specifically, one can readily find a similarity=U ~%| ) is a (unnormalizedl ground state of, and there-
transformation to map Ed5) into a Hermitian matrix, and fore the SS distribution in the initidil representation is con-
thereafter obtain the lower eigenmodes dominating thestructed as

{

h=(e—¢€')/4,

B. Self-adjoint representation

041603-4



INTERFACES WITH A SINGLE GROWTH . .. PHYSICAL REVIEW B8, 041603 (2003

U_2|Tp>o< 2 e V(). . .e—V(”le)o-r*]'l. . .a-rTL/2|0>,

thus recovering the equilibrium distributid8).
Returning to the dynamics, the average value of a diago- 10 ¢

nal quantity)’V—such as the “width operator” involved in
Eq. (14—varies according td|Ve " P(0)) [14]. Since : )
W is invariant undetJ, it is a simple matter to check that in 1 v

the self-adjoint representatidiV) reads 10 lostep 10 10

~ ~ ~ FIG. 4. Growth of interface width fore/e’ =1 using e\/eg
OW(L D)= (o W o)+ >, e M po M )1, |U|P(0)), =05 (circles and e)/e,=0.8 (squares showing an incipient
A>0 asymptotic deviationfor L=10* averaged over 200 histories. The
(22 early and late slopes of dashed lines are, respectigety,1/4 and
1/2. The inset displays the height profile evolution &fe,=0.5
where{| ¢, )} is a complete orthonormal set of eigenstates ofiveraged over 2000 histories with=1000, att=1.5X 10,
H (all with A=0). As expected, the role of initial conditions 6x 10, 2x1C°, and 10 [the dotted line at the top following
becomes irrelevant near the equilibrium regime. If the specSlese!y the filts of Eq. (12)].
trum gap vanishes in the thermodynamic limit, the width
approach to equilibrium will involve arbitrarily large times
for sufficiently large systems. In those situations, finite size Starting from an initially flat configuration we studied the
scaling analyses of the first excited levels would then evolution of the interface width and monitored the height
provide the dynamiz-exponent ruling over the late rough- profiles at different growth stages. Figure 4 displays the
ening stages referred to in Sec. I. width behavior obtained foey/e,=0.5 and 0.8. The rather
A distinctive feature arises when all components of theslow crossovelparticularly for 0.8, where it is only incipi-
total angular momentuns= %En«;n are preserved byH, eny deterred us from using larger substrates, though prelimi-

namely, fore= ¢’ ande,= e} SincelV just involves opera- Nary simulations averaged over few evolution samples indi-
tors of the formo{a{ [see Eq.(14)], then rather restrictive cated similar trends. ,;r he early growing stages support a
power law growthWot” extended over more than four de-

selection rules hold for its matrix elements in EB2). Spe- . N : . e
cifically, given that{| )} can be classified according to the f:ad.es with an exponet= 1/4. This typ|cal d|f.fu5|ve.behav—
total spinS [S?=S(S+1)], the nonvanishing contributions ior is accompanied initially by a height profile which is al-

’ most parallel to the substrate, except in the neighborhood of

to Eq. (22) come only from state$y, ) having S=L/2—1 . ; . : ) ;
andL/2— 2 [17]. What should be emphasized here is that as:[he growth inhomogeneity. As is shown in the inset of Fig. 4,

soon agq H,S]+#0 the effectivedensity of states, partly re- on approaching the asymptopia however, the slopes of the

sponsible for the temporal asymptotic behavior of E29) hillsides steepen until they reach the equilibrium tilt alluded
ponsi : np ymptoti v . to in Eq.(12). This progressive orientation departure signals
whenlL —oo, is drastically modified as these selection rules

N6 longer anplv. We will come back 1o this issue within thea large scale morphological transition which in turn is also
9 Pply. Wi IS ISsue withi reflected in the increase of the growth exponent. In the late
numerical context of Sec. Il A.

dynamic stages, this can be well fitted by a value fof
=1/2 for nearly two decades.
IIl. NUMERICAL RESULTS An alternative determination of this rather peculiar value
[18] can be implemented by resorting to the phenomenologi-
To explore the dynamical consequences of these argwal scaling assumption referred to in Ef) along with the
ments we have carried out Monte Carlo simulations as welfindings and arguments of Sec. Il. Notice that this provides
as finite size scaling analyses of the RSOS model referred tvo independent numerical procedures to estimate the dy-
above, for a variety of situations. First we focus attention omamic z exponent needed for the knowledge ®f On one
the subcase= ¢’ where the roles ok, and €, are clearly hand, the former can be calculated by studying the finite size
interchangeable, so we restrict the analysis to, &gheg behavior of the first excited levels &t (in principle, just the
<1. In this situation the interface actually roughens and exlowest will do), so we diagonalized it exactly via a recursion
hibits two different scaling regimes accompanying a largetype Lanczos algorithmil6] applied on the zero magnetiza-
scale morphological transition. The discussion of differenttion subspace. The huge dimensionality of this sector, grow-
bulk probability rates is addressed at the second part of thig as t’z), as well as the lack of translational symmetry of
section. It will turn out there that fluctuations decay verythe evolution operator, limited our computations to chain
rapidly and prevent the roughening of anchored interfaces dengths of up to 24 spins. Nevertheless, they proved to be
large times. Instead, a faceting dynamics will emerge regardsufficient for a fair estimation of the spectrum gap. We direct
less of the inhomogeneity growth rates. the reader to Fig. 5 which suggests a decrealse? for the

A e=¢€'
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The inset of Fig. 5 displays the lower part of thespectrum
for both inhomogeneous and homogeneous situations. As
stated above, the latter involves at mbgt. —1)/2 contrib-
uting levels with S=L/2—1,L/2—2, while in the former
case the sum of Eq22) becomes much denser p#&,S]
#0 and an exponential number ofew states arises. Of
course, the new matrix elements might eventually change
from zero in a continuous manner, but the density of st@es
o measure of which is given by the inverse of the level spac-
0.01 ' ing) varies abruptly. Moreover, some of the low lying exci-
6 10 20 tations controlling the asymptotic regimé—¢ holding
L t/L?< 1) suggest a rather narrowly peaked structure which is
FIG. 5. Finite size behavior of the three lowest excited levels ofentirely absent foky= ¢ .
the evolution operatof5) for e/e’=1 ande)/e,=0.5. Solid lines Also, it is interesting to examine whether the large scale
have slopez=2. The inset compares the lower spectrum of thismorphology transition embodied in the slow temporal cross-
case [ =20, 10 spin excitations, framed at the Jeftith the effec-  over of W affects the usual scaling hypothesis of E@$.and
tive levels of the regular situatioreg/ey=1, L=20, 2 spin exci-  (3). Thus, we turn to the early dynamic scalingWfshown
tations. by the inset of Fig. 6. In contrast to the faster growth ob-
served at late stages, here the data collapse arises by setting
gap and other excited levels consistent with a common valustandard diffusive exponentgz,{)=(2,1/2), which in turn
of z=2. On the other hand, an independent evaluation of thiyield a scaling functiore(t/L?)¥* in agreement with the
exponent can be attained by studying the scaling behavior afarly 8 exponent measured in Fig. 4. Hence, combining the
the interface widtHEq. (2)]. Figure 6 exhibits the results of late and early scaling regimes it follows that
our simulations for growth substrates of 2500 and 5000 5
heights on approaching their saturation regimes. Here, the W(L,t,7) =L (t/L?), (23
data collapse was obtained upon setting=(2,1), which . . .
confirms not only the Lanczos estimation but also corrobo!/Nere 7 is a crossover fime V\{h|9h’depends SOIer&‘?meo
rates the roughness exponent quoted in(E8). Thus, from  (€ventually diverging in the limiteo—€o) and f(c) is a
Eq. (2) it follows that the fast roughening behavior already universal function defined over three different scales as
observed in Fig. 4 is now recovered by the rafia.

An

0.1 ¢

1/4

- . . - < 2 =
Since the Lanczos analysis continues to yield values of 01/2 for ¢ Z/L (£=1/2)
z=2 holding up to the homogeneous situati@s it shoulg, f.(c)~4{ ¢C for 7/ll°<c<1l ({=1) (249
a natural question one can pose is therefore the following: const for c>1.

through which feature does the dynamics render a com-

pletely different roughening behavior at large times as soon In what follows we finally address the# €’ situation.
asep# €y ? In an attempt to provide a plausible explanation

for the appearance of this abrupt chafgee also Eq(15)], B. e#e

we resort to the observations given by the end of Sec. Il B. . . . .
9 y A quick glance at the evolution of the interface width

displayed in Fig. 7 might render tHgrrong) impression that

WL 5 the general case+ €', €,# € bears similar characteristics.
W S—— However this time the growth exponent exhibits an
/e . . . .
p=1 4 asymptotic value _of823/_2, WhICh is not understandable in
0.02 & w terms of conventional kinetic roughening theor{ds]. In
& Vi fact, as we shall see below, the interface does not roughen.
& i Let us first provide a simple explanation for this large
Qgﬁ value of 8 by means of the following heuristic consider-
001 | ?g" o | ations. For clarity of argument, assume vanishing desorption
) %‘;’ﬁ 05,2 10° rates ande= ¢,. Starting from a flat configuration, say with
: : : ho,=1h,. =0, a deterministic dynamics arises asL(
0.1 - 1 —2)/2 deposition attempts occur on the initidl€2)/2 in-

terface minima. Next, we are left with,,=1h,,1=2h,

FIG. 6. Asymptotic finite size scaling regime of the interface —NL+1=0, and ¢ —4)/2 contiguous minima over which
width averaged over 200 histories usiate' =1, ej/e,=0.5, for €W (L—4)/2 depositions will be once again deterministic.
L =5000 (squarel and L= 2500 (circles. The saturation values BY iterating this argumentationtimes, this dynamics leads
(horizontal ling coincide with those of Eqs(13) and (14). The  t0 a configuration resembling a truncated pyraitsele cen-
dashed line is fitted with the slope calculated from the data of Figstral snapshot of Fig. 2, though for a nondeterministic situa-
3 and 5(i.e., B=¢/Z). The inset exhibits an early scaling regime tion, i.e., e’ #0). Specifically, there will bel(—2t)/2 con-
which behaves diffusively§=1/4), like the initial data of Fig. 4. tiguous minima in betweeh,,,=t+1 andh__;_;=hy,,.
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step FIG. 8. Finite size behavior of lower excited levels in the single
spin approximation $=L/2—1) of operaton(26) for €'/e= €}/ €y
FIG. 7. Evolution of the interface width foe'/e=0.5, €\/¢g =1/2 (solid lineg. Circles and triangles stand, respectively, for lev-

=5, andL=10°. The initial and final slopes of dashed lines are els \; and\, of Hamiltonian (5) with S*=0. Above \,, further
B=1/4 and 3/2, respectively. From top to bottom the inset exhibitscollective excitationgnot shown appear between successive solid
the profile of 10 heights at=5x10*, 2x 10, 10%, and 4x 10°. lines. The inset suggests a power law convergence\ (L)
Both width and height fluctuations become negligible at large times(circles,S*=0) towards the gag obtained in the main panel.

At the width level, results of different)/ e, values closely follow

each other in all evolution stages. In turn, fef<e, the early €’ Y 0 07
profile has no tilt around the inhomogeneity.

Using the common definition of Ed1), it is then easy to
verify that the “width” of such configuration is simply : y ete) Y, 0
H: L

3
W(L,t)=\/§%[1+0(t/L)], ie., B=3/2. (25

0
y e€te vy
The above argument describes ratheflaeeting process 0 0
(terminating att~L/2), which strictly applies fore’ =0. - Y E(-26)

Certainly, as soon as' >0 the dynamics is no longer deter-
ministic, no matter how smak’ is. However, fore’<1 the  \yhere
early desorption attempts become gradually unsuccessful as
the active region of the interface, i.e., the number of avail- y=—Vee', y,=—eoes. (27)
able minima decreases inasmuch as the sideways region is
increasingly jammedFig. 2). Thus, at large times a process Evidently, this just constitutes the simplest approximation to
similar to a faceting dynamics might be expected, at least fothe many body problem & =0. Nevertheless, the compari-
small bulk desorption rates. In fact, fer- €’ andey=¢€, our  sons of Fig. 8 indicate that the eigenvalues of E2f) yet
numerical simulations confirm these considerations. No difprovide an excellent estimation of the actual gap and other
ferences were observed between sampling histories at larggcited levels obtained through the Lanczos sche(fhds
times, so fluctuations become asymptotically negligible. Foworth pointing out in passing that an excellent fit of these
€0< ¢ the situation is similar though another faceting pro-quantities was also found for=€’). Using the spectrum
cess shows up around the inhomogeneity, as displayed by tlgap of the single spin approximation, the inset of Fig. 8
height profiles in the inset of Fig. (Bee also rightmost snap- strongly suggests that tleamegap will persist for\ ; in the
shot of Fig. 2. Of course, fore<e’ the roles ofe; andej,  thermodynamic limit of Eq(19). Similar gapful results were
are interchanged. Ultimately, the whole process approachesabtained for other values afy/ €y. Thus, fluctuations would
nonfluctuating pile of slope-1, so long as’ #e. be suppressed at large times, which is in line with the almost
To provide an alternative understanding of this fast fluc-invariant values ofV observed over many sample histories.
tuation decay for generic rate values, we recur once more to Also, at the gap level the density of states divergeks s
the analysis of the spectrum of the evolution operdl®. the simplified version of the problem. F&=0 however,
The gap and levels obtained for the sizes within our reach arene might conjecture a much stronger divergence, probably
shown in Fig. 8, but in contrast to the= ¢’ situation, here growing like ~et, as the number of levels between two
the finite size trend of these quantities needs further analysisingle excitations tends to increase exponentially with the
To this end, we studied thE spectrum within the subspace system size(at least for the small lengths at hand his
$*=L/2—1 (single spin excitation which corresponds to would leave us with a saturation timel in Eq. (22), which
the much simpler anchoring cabe, ;—h;=L—2. For this  on the other hand would be in agreement with the termina-
sector, it is straightforward to check that E§9) reduces to tion time of the faceting process idealized above. In fact, the
the tridiagonal matrix numerical simulations displayed in Fig. 9 lend further sup-
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W/L argued that the breaking of the full rotational invariance of
' 7 ' the evolution operator is ultimately responsible for the emer-
gence of a much heavier density of states accounting for both
the discontinuity of the roughness exponéntor alterna-
tively, for a different asymptotic growth exponeg} as well
as for the rise of a new scaling regime at large times. These
expectations were confronted independently with standard
numerical simulations monitoring the evolution of the inter-
face profile and width. At early stages, the latter exhibits a
i , , diffusive scaling regime having basically a nontilted profile
0.1 1 10 (except in the inhomogeneity neighborhgotut progres-
t/L sively approaching a final regime consistent with our scaling
exponents=1z=2. However fore,— €}, in practice this
FIG. 9. Late scaling regime oV for '/e=eo/ey=0.5 using new regime might occur at a time so large as to render it

L=10* (circles and L=2x10* (squares The dashed line slope numerically unobsgrvaple. . . .
and scaling form are both consistent with the faceting process con- FOr €# €’ the situation is entirely different. Here, the
jectured in Eq.(25), whereas differences between sample historiesSPeCtrum gap does not vanish in the thermodynamic limit
become gradually negligible. In contrast, the inset results, average@gardless of the inhomogeneity rates, and fluctuations be-
over 200 histories, indicate an early scaling regime which is typi-tween evolution histories at large times become negligible.
cally diffusive (¢=1/2,z=2, B={lz). This confirms a heuristic descriptigm turn, tested indepen-
dently by simulations suggesting that the asymptotic dy-
port to these speculations. Clearly, these results exhibit bothamics becomes almost deterministic. We may also think of
a saturation timexL, as well as an asymptotic scaling re- & synchronous discrete time process in which a randomly
gime consistent with Eq(25), i.e., W/Lo(t/L)%? during  chosen finite fraction, or possibly all of the growth sites, are
which both height and width fluctuations are absent. simultaneously updated in a single time step. One character-
In contrast, at early stages the interface displays typicalstic feature of such synchronous models is the occurrence of
roughening features. Specifically, the inset of Fig. 9 exhibitdaceting transitions at large tim¢s], which also turned out
a diffusive scaling regim&V//L=f(t/L?), in turn corrobo- 0 be the case here. In contrast, at early stages the interface
rated by the growth exponept=1/4 obtained in larger sys- actually roughens following a typical diffusive pattern ac-
tems (Fig. 7). This strong departure from the faceting de- Companied by a standard scaling regime.
scription occurs on temporal scales smaller than a crossover The analysis of nonequilibrium asymptotic situations,

time which turns out to decrease whefie—0 (irrespective ~ €ven ford=1, might become rather involved. In this sense,
of €l eo), but eventually diverging in the limit’ —e, € it will be interesting to elucidate whether a direct evaluation

of ¢ could be achieved using the matrix approach to the

asymmetric exclusion proce$&9] with both injection and

ejection of particles at the boundaries, including one or more
IV. CONCLUSIONS hopping defectgthat is, unanchored boundaries and growth

We have analyzed the characteristics of both early anHﬂho_mogengmes n the height 'representg)tjon
Higher dimensional extensions of this study would be

asymptotic dynamics of one-dimensional anchored Interfaceaearly desirable and more realistic. However, the analysis of

under a growth inhomogeneity. There are two sets of result§n . . .
. . —_the corresponding quantum spin analogy should involve a
related, respectively, to equal or different growth-evaporation

rates in the bulk projector operator to discard all those spin configurations
. ) . . ; . .

For ' even h st deparure fom e homoge (119 TAOTELE 0P LR, W 0

neouse, = € situation is able to produce finite interface tilts path. ! PpIng 9 P

sent an interface. The issue as to whether or not such ideas
as well as huge temporal crossovers. The problems posed b L . :
e actually practical inl>1 remains quite open.

the latter have been bypassed studysegaratelythe rough-
ness{ and dynamia exponents, the evaluation of which was
significantly simplified by the appearance of equilibrium SS.
In analyzing finite size scaling trends of the spectrum gap via
the Lanczos method, we found no changes with respect to The author acknowledges support of CONICET,
the homogeneous situation, i.e=2. Consequently, it was Argentina.

0.1

0.01 ;

— €.
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