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Properties of the interface generated by the collision of two growing interfaces
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The collision interface between two Eden clusters is studied in two dimensions. Relevant exponents char-
acteristic of the interface collision are evaluated. The roughness exponent of the collision interface is the same
than that of a single Eden interface. The dynamic of the collision interface departs from standard scaling, but
obey simple rescaling.@S1063-651X~97!12411-4#

PACS number~s!: 05.40.1j, 05.70.Ln, 68.35.2p
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The existence of an evolving interface is a relevant ch
acteristic present in a wide variety of physical, chemical a
biological systems and processes. Among others, one sh
mentioned aggregation@1#, film growth by vapor deposition
chemical deposition and molecular-beam epitaxy@2#, propa-
gation of forest fires@3#, solidification @4#, bacterial growth
@5#, propagation of diffusion fronts@6#, propagation of reac-
tant’s fronts in catalyzed reactions@7#, etc.

The scaling theory describing the dynamic evolution o
self-affine interface is very well established@2,8,9#. In fact,
let h(rW,t) be the height of the aggregate at positionrW and
time t. If the mean height is^h(t)&, then the long-
wavelength fluctuations of the interface width@w(t)# are
given by
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w~ t !5Š@h~ t !2^h~rW,t !&#‹1/2. ~1!

If the aggregate is grown in a finite lattice of lineal d
mensionL, the interface width becomesw(L,t), and scales
as @10#

w~L,t !}LaF~ t/Lz!, ~2!

where F(x)}xb for x!1 and F(x)→1 for x@1, with
z5a/b. Thus for a finite sample andt→`, one hasw(L)
}La; that is, the width of the growing interface reaches
statistically stationary state.

The aim of this work is to study the properties of th
interface generated upon the collision of two interfaces. T
sured in
e,
wn
tions
FIG. 1. Snapshot configurations of the collision interface. The horizontal axis shows the coordinates of the collision sites mea
lattice units.~a! Time evolution of a collision interface in a lattice of sideL51024. The vertical axis indicates the Monte Carlo tim
measured in MCS’s, at which each snapshot has been obtained.~b! Collision interfaces obtained using lattices of different width as sho
in the figure. The origin of the vertical axis, measured in lattice units, is taken to be arbitrary, so that the average interface posi^h&
corresponding to different snapshots are separated by 50 lattice units.
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study is motivated by various physical realizations, e.g.,
to the collision of fire fronts in burning experiments@11# or
forest-fire evolution@3#, as a result of interference betwee
chemical waves@12#, upon solidification of inmiscible fluids
etc.

Specifically, this work reports a study of the collision i
terface due to two Eden clusters@13# on the square lattice in
two dimensions. Two Eden clusters are grown starting fr
the opposite sides of a rectangular sample of lineal dim
sionsL3M with L!M . Both clusters grow independentl
until their respective interfaces reach the stationary st
such asw(L,t→`)}La; see Eq.~2!. So our interest is fo-
cused on the properties of the collision interface formed a
saturation of the long-wavelength fluctuations of the int
faces of the individual Eden clusters.

Eden cluster growth proceeds according to standard a
rithms keeping a list of growing centers. A collision eve
takes place just when the last occupied growing center of
cluster has at least one occupied neighbor belonging to
other cluster. Then a collision interface site is identified
the position between both occupied sites of different clust
One Monte Carlo time step~MCS! involves the incorpora-
tion of L particles randomly distributed between the growi
centers of both Eden clusters. The dynamic evolution of
collision interface if followed after the occurrence of the fir
collision event att50. The collision simulation stops whe
growing centers of both clusters become exhausted, so
lifetime of the interface collision (t) is the time elapsed
between the first and last collision events. It should be no
that the study of a collision interface essentially differs fro
the investigation of the interface formed during the comp
tive growth of clusters, as studied by Derrida and Dickm
@14#.

Figure 1~a! shows snapshots of the collision interface o

FIG. 2. Plots ofw; measured in lattice units; vst; measured in
MCS’s; for collision interfaces obtained in lattices of differe
width. From top to bottom:L51024, 256, 128, 64, 32, and 16. Da
are evaluated averaging over 104 collision interfaces.
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tained at different times for a collision on a lattice of wid
L51024. From these snapshots, it follows that early co
sion points are not randomly distributed throughout t
sample, but instead that collisions events occur simu
neously at various and well-localized zones of the collis
interface. After these early collision events, the incipient c
lision zones spread sidewise, forming the entire interface.
the other hand, Fig. 1~b! shows snapshots of the final coll
sion interface obtained using lattices of different width. He
the self-affinity of the collision interface can be qualitative
observed.

FIG. 3. Log-log plots oftmax, measured in MCS’s; andwmax;
measured in lattice units; vsL; measured in lattice units; for Ede
collision interfaces. Data are evaluated averaging over 104 collision
interfaces.

FIG. 4. Rescaled plots ofw(L,t)/La* vs t/Ln* for the data
shown in Fig. 2.
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Figure 2 shows the time evolution of the interface wid
obtained using samples of different width. It follows, fro
Fig. 2, that both the maximum lifetimetmax of the collision
and the maximum widthwmax depend on the lattice widthL.
So, Fig. 3 shows logarithmic-logarithmic plots oftmax and
wmax versusL. The obtained straight lines suggest a pow
law dependence of the forms

wmax~L !}La* ~3!

and

tmax~L !}Ln* , ~4!

wherea* and n* are exponents characteristic of the inte
face collision. Least-square fits of the data yie
a* >0.5160.02 andn* >0.4060.02. This result is consis

tent witha5a* 5 1
2 , so the roughness exponent of the inte

face collision should be the same as that of the individ
interfaces of the Eden clusters prior to collision.
5
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The obtained results also suggest that, after a simple
scaling of the axis of Fig. 2, one should obtain data colla
ing, as, e.g., is shown in Fig. 4, where a plot ofw(L,t)/La*

versust/Ln* is presented. It should be noted that the sim
rescaling observed is not compatible with the standard s
ing approach given by Eq.~2!.

Summing up, the properties of the collision interface b
tween two Eden clusters have been investigated, and rele
exponents of the dynamic collision process have been ev
ated. While the roughness exponent of the collision interf
seems to be the same as that of the Eden interface, the
namic of the collision interface width departs from the sta
dard scaling law and obeys simple rescaling. It is expec
that the obtained results would stimulate experimental ev
ations of the collision interface exponents which may be
cessible in many physical, chemical, and biological reali
tions.
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