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Invasion of a sticky random solid by an aqueous solution is modeled through a chemical reaction. In this
reaction, the solid elements dissolve in the solution and redeposit back on the rough interface. A self-
established potential gradient �SEPG� in the binding energy of the solid is developed spontaneously and the
system gets phase separated into “hard” and “soft” solids. The solution profile is found drifted slowly into the
solid by the SEPG with a constant velocity. The system tunes itself to the percolation threshold in the steady
state. In the steady state, the system is found consisting of finite clusters of solution molecules followed by a
path of redeposited solid as an invasion percolation cluster. A diffusive growth of the interface and the solution
inside the solid is found to occur. The nonequilibrium steady state of this dynamical system is found critical
and characterized by a power-law distribution of cluster size with an exponent �−2.
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I. INTRODUCTION

Fluid invasion and its interface motion in disordered sys-
tems have taken a lot of attention in the recent past �1�. For
example, fluctuation in fluid invasion �2�, crack propagation
in solid �3�, driven interface in disordered media �4�, domain
wall propagation in magnets �5�, motion of interface in mul-
tiphase flow �6�, and many others. The interfaces in these
examples were characterized by self-affine fractals and their
dynamics exhibit critical correlations.

Invasion percolation �IP�, a dynamic percolation process,
was developed by Wilkinson and Willemsen �7� in order to
study the flow of fluid in porous media. In two dimensions
�2D�, IP was studied with and without trapping. The fractal
dimension of the IP cluster with trapping was found as 1.82
�7� which was also verified experimentally �8�, whereas the
fractal dimension of IP cluster without trapping was found as
1.89 �9� that of the incipient percolation cluster at the perco-
lation threshold pc. Thus, IP with trapping belongs to differ-
ent universality class than that of percolation whereas IP
without trapping belongs to the same universality class of
percolation in 2D �10�. It has been demonstrated recently
that the fractal dimension of IP clusters with trapping is non-
universal and vary with the coordination number of the 2D
lattices �11�.

A dynamical system is proposed here to study invasion of
a semi-infinite sticky random solid �SRS� by an aqueous so-
lution through a chemical reaction. Physically SRS could
represent the silica network of, say, borosilicate glasses �12�.
Glass is a multicomponent vitreous system. Due to random
local chemical environment in such a system, the binding
energies of silica with other constituent molecules of the
solid are expected to be arbitrary. As the solution invades the
solid, the system is found consisting of finite clusters of so-
lution molecules of all possible sizes followed by an invaded
path of redeposited solid as an infinite percolation cluster.
Existence of finite clusters of invading fluid is absent in IP.
During invasion, the system tunes itself to a dissolution
threshold rc� pc, the percolation threshold. A self-
established potential gradient �SEPG� in the binding energy

of the solid is found to develop spontaneously and the sys-
tem gets phase separated. The solution profile as well as the
fluid interface is drifted into the solid at a constant speed.
The system evolves to a nonequilibrium steady state charac-
terized by scale free cluster size distribution and thus identi-
fied as a self-organized critical �SOC� state �13�. These are
new observations in the context of chemical kinetics of in-
vasion of a complex system.

II. MODEL

In order to study the time evolution of such a SRS in
contact with an aqueous solution, a numerical model of a
chemical reaction is developed in 2D. The SRS shown in
Fig. 1�a� is a dense structure of elements with random bind-
ing energy ri represented on a semi-infinite square lattice.
The random binding energy is assumed to be uniformly dis-
tributed between 0 and 1. The solid is of width L along y
direction and infinitely long in the x direction. A constant
source of aqueous solution is kept at the left end of the solid.
The solution is represented by white space in Fig. 1. The
thick line represents the interface between the solid and the
solution. The most weakly bound element R of the SRS on
the interface dissolves in the solution S and makes a complex
RS. The solution invades into the place of the dissolved
solid. The compound RS in the solution breaks almost instan-
taneously into R and S. The solid element R in the solution is
now available for redeposition on the modified rough inter-
face. Because of redeposition of the solid, the solid is rebuilt
and it is called sticky. The chemical reaction of dissolution-
redeposition can be represented as

R + S → RS → R + S . �1�

Assuming diffusion of the solid element R in the solution is
very fast, redeposition is made with unit probability at a
randomly chosen site on the rough interface accessible to the
solution. Generally, dissolution is a slower process than re-
deposition and it is mimicked here by considering no further
dissolution during redeposition. The dynamics of the system
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then involves dissolution and redeposition processes together
with reconstruction of the rough interface at the single par-
ticle level. The process is very similar to that of glass disso-
lution in aqueous solutions �14�. Different numerical pro-
cesses involved in a single Monte Carlo �MC� step are
explained with the help of Fig. 1. The processes are �i� ex-
traction of externally accessible perimeter of the solid, �ii�
dissolution of the site with minimum random number �mini-
mum binding energy� on the perimeter with unit probability
�it is r3 in Fig. 1�b��, �iii� modification of the external perim-
eter, �iv� redeposition of the solid element present in the
solution on a randomly chosen site of the modified interface
�r1 in Fig. 1�c��, �v� assignment of a new random number r�

to the redeposited site. The whole process is then repeated
and time is increased from t to t+1. Periodic boundary con-
dition is applied in the y direction. The system then evolves
at equal solid to liquid and liquid to solid flux rate �one
particle per time step� throughout the simulation.

In Fig. 2, time evolution of the system morphology is
shown for L=64. The solution is represented by white and
the solid is represented by gray. The interface is represented
by black. The redeposited solid is shown by intermediate
gray. It can be seen that the solution molecules have pen-
etrated into the solid, they form clusters and move collec-
tively. The solution clusters are seem to be pushed into the

solid by the redeposited solid elements. The redeposited
solid forms an infinite percolation cluster or an IP cluster. In
usual IP, an invasion cluster is formed by the invading fluid
itself whereas here it is formed by the redeposited solid ele-
ments. Thus, at any instant of time the system is composed
of finite solution clusters and an infinite percolation �or IP�
cluster of redeposited solid. It is important to note that the
solid element that dissolves in the lakes of solution inside the
solid is also available for redeposition anywhere on the in-
terface. The solution inside the solid is assumed to be con-
nected to the solution sea �15�. During invasion, the solution
inside the solid leaves behind a restructured solid. It can be
seen that all the solid elements in the restructured part are not
replaced by a new random element. The redeposited solid,
represented by intermediate gray, indicates the percolating
path of the solution molecules. The solid has also grown in
the negative x direction almost without holes. The formation
of restructured solid is a common phenomenon in glass al-
teration experiments where a dry silica gel forms on the in-
terface �14�.

Simulations have been performed on the square lattice of
widths ranging from L=64 to 1024 in multiple of 2. Data are
averaged over N=103 to 104 ensembles.
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FIG. 1. A single MC step is represented here. �a� The arrangement of random numbers ri represents the SRS of width L=5, �b� r3 is
identified as minimum random number on the interface and it is dissolved, �c� the solid element is redeposited at a randomly chosen site r1

of the modified interface. A new random number r� is assigned with the redeposited site. The process is repeated. The arrows on the
right-hand side indicate the extension of the solid in that direction.
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FIG. 2. Morphology of the SRS of width L=64 at time steps �a� t=29, �b� t=211, and �c� t=212. The solution is represented by white, gray
represents the solid, black represents the interface, and the redeposited solid is represented by intermediate gray. The vertical solid line
represents the initial interface.
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III. SOLUTION PROFILE

In order to characterize the motion of the solution mol-
ecules inside the solid, the profile of the solution molecules
is determined as a function of the penetration depth along x.
The solution profile is defined as the average number of so-
lution molecules Sx in a column x. In Fig. 3, Sx is plotted
against x at different time t for L=64. It can be seen that the
solution molecules move inside the solid as a Gaussian pro-
file leaving behind a restructured solid. The dynamics of the
solution profile could be monitored by noting the peak posi-
tion xp and the width � of the profile with time t. The aver-
age peak position xp of a profile is defined as

xp�t� =
1

N�
j=1

N

xj�Smax� , �2�

where xj is the coordinate of the column with maximum
number of solution molecules Smax at time t in an ensemble
and N is the number of ensembles. The width � j of the
solution profile of a given ensemble is defined as

� j = � 1

xmax
�
i=0

xmax

�xi − xp�2�1/2

, �3�

where xi is the coordinate of a column with a nonzero num-
ber of solution molecules S at time t. The average width � of
the profiles is obtained by taking ensemble average, �
=� j=1

N � j /N. The peak position xp and the width � are plotted
against time t in Figs. 4�a� and 4�b�, respectively. Both xp
and � increase as power laws with time t. The peak position
moves forward linearly xp	 t whereas the width increases as
�	 t2/5 with time t. The change in xp is due to dissolution of
solid elements in the front whereas � increases due to the
motion of the front but it decreases due to the redeposition of
the solid elements. The solution profile thus has a drifted
motion inside the solid. Backward motion of the solution
profile is less probable because the unexplored solid in the
front is always expected to contain a site with lower binding
energy. It can be noticed that data for systems of different
linear dimensions L collapses onto a single curve after time
rescaling t�= t /L as shown in the inset of Fig. 4�a�. Thus,
time t is proportional to the linear dimension L of the system
in this problem. The solution profile then penetrates the SRS
at a constant drift velocity proportional to 1 /L. It is thus a

slow moving front for large L. The system then achieves a
nonequilibrium steady state. It should be mentioned here that
in the study of dissolution of a finite random solid in an
infinite solution, the steady state was found to achieve a dy-
namical equilibrium and it was characterized as a self-
organized critical state �16�.

IV. DISSOLUTION THRESHOLD

The distribution of binding energies of the solid elements
on the interface at the steady state is calculated to determine
the dissolution threshold. The probability to find a solid ele-
ment of binding energy r on the interface is given by

PI�r,t� = nr�t�/I , �4�

where nr�t� is the number of elements with binding energy r
and I is the length of the interface at time t. The distribution
PI�r , t� is plotted in Fig. 5. It can be seen that the initial
uniform distribution �solid line� is spontaneously evolved to
a steplike distribution. It is expected that the final distribu-
tion would be a � function around rc= pc, the percolation
threshold ��0.59�, as

PI�r,t� =
PI�r,0�
�1 − pc�

��r − pc� , �5�

where PI�r ,0�=0.1. The � function is shown by a dashed
line. The dissolution will then occur for the energy range
�rc. This is expected because at each dissolution the solu-
tion comes in contact with a new solid element with a bind-
ing energy between 0 and 1. It is interesting to note that, the
system organizes itself to a dissolution threshold around pc in
the steady state though there is redeposition and the front is
still able to find the infinite percolation cluster. In the case of
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FIG. 3. Solution profile Sx, number of solution molecules per
column, as a function of the column index x, is shown at different
time t for a system of width L=64.
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FIG. 4. Plot of �a� the profile peak position xp and �b� the width
� against time t. It is found that xp increases linearly with time as
xp	 t. The data collapses onto a single curve with time rescaling
t�= t /L as shown in the inset of �a�. The profile width increases as
�	 t2/5. Different symbols correspond to systems of different width
L: ��� for L=64, ��� for L=128, ��� for L=256.
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IP, the system is also tuned to pc �17� however the system
does not include the process of redeposition. It should be
emphasized here that the dynamics observed here is indepen-
dent of the distribution of initial binding energy. For ex-
ample, SRS with random numbers uniformly distributed be-
tween 0.5 to 1 will not lead to a different dynamics.

The dynamical process of dissolution and redeposition
considered here is different from dynamical percolation de-
veloped by de Freitas et al. �18�. In their model, the site
occupation probability p increases linearly with time and
swept past through pc whereas in the present model the sys-
tem tunes itself spontaneously to pc. Recently, percolation
problem is also demonstrated as a self-organizing system by
Grassberger and Zhang �19� and Alencer et al. �20� in two
different models. Grassberger and Zhang �19� reformulated
the percolation problem as a time-dependent problem and
studied at several values of p in a single run. pc emerges as a
singularity in the time-dependent distribution. Alencer et al.
�20� studied growth mechanism of percolation clusters by
controlling the number of sites in the growth front and the
system spontaneously reaches to a stationary state corre-
sponding to pc. The dynamical rules considered in these self-
organizing models are different from that considered in the
present model.

V. REDEPOSITED SOLID

The path constituted by the redeposited solid is extracted
here. A part of the redeposited path generated on a sample of
width L=256 over a horizontal extension 512 is shown in
Fig. 6. It can be seen that it is a connected path and the
cluster of the redeposited solid elements is rarefied and has
holes �unexplored solid� of all possible sizes as in an infinite
percolation cluster. Note that, an IP cluster is formed by the
invading fluid whereas here it is formed by the redeposited
solid. Moreover, there is a basic difference between the re-
deposited solid and the infinite percolation cluster. All the
sites of an infinite percolation cluster are occupied with equal
probability p= pc. However, redeposition is made here with
unit probability at a randomly chosen site and a random
number �between 0 and 1� has been assigned to it. In con-
trary, no random number is associated with the sites of an IP
cluster. In the long term evolution, most of the sites of the

redeposited solid has a random number r� pc associated
with it. The system swept past through pc as in the case of
dynamical percolation developed by de Freitas et al. �18�.
Usually the IP clusters are characterized by its fractal dimen-
sion. In order to characterize the redeposited path, its fractal
as well as chemical dimensions are measured and the scaling
relation among them has been verified below.

Fractal dimension df of the redeposited path is estimated
on a lattice of width L=256 and L=512. As the system
achieves the steady state �after sufficiently long time�, an
intermediate portion of dimension L�L of the solid is taken
and box counting method has been applied to calculate df of
the redeposited path. Note that the solid considered does not
contain any solution molecule. In the box counting method,
the number of boxes NB�	� with at least one redeposited site
is expected to scale with the box size 	 as

NB�	� 	 	−df . �6�

Data are averaged over different samples as well as placing
the L�L box at different places in the intermediate region of
the solid of a given sample. NB�	� is plotted against 	 in Fig.
7 for L=256 �circles� and L=512 �squares�. From the slope,
it is found df =1.88
0.01. Data for different L is scaled by
Ldf assuming df =1.88. A good collapse is observed. The
mass M�	� in a given box size 	 then varies as

M�	� 	 	df . �7�

Thus df obtained from box counting is consistent with Eq.
�7� as expected. The value of the fractal dimension obtained
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FIG. 5. Probability distribution PI�r� of the random binding en-
ergy of the solid elements on the interface at different times. The
solid line represents the initial distribution and the dashed line rep-
resents the � function around rc�0.59.

FIG. 6. A part of the path of the redeposited solid in a sample of
width L=256 and horizontal extension 512. There is periodic
boundary condition along the y direction.
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	 for L=256 ��� and 512 ���. From the slopes, the fractal dimen-
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a good collapse is found.
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here is close to df of the infinite percolation cluster �91 /48�
�21� as well as that of the IP cluster without trapping �1.89�
�9�. In IP with trapping, the invader can no longer enter into
a region once surrounded by it and the fractal dimension was
found as 1.82 �11�. This is not the situation here. Though
there are regions of unexplored solid surrounded by hard
boundary of redeposited elements, the solid element on the
boundary with the lowest energy will always dissolve and
the situation corresponds to IP without trapping. Note that, in
IP without trapping the front remains connected, however, it
is disconnected here.

The fractal dimension only describes the geometric struc-
ture of a fractal object which is not sufficient to characterize
its structural properties fully. It is essential to characterize the
topological structure by the chemical dimension d� which
can be used to distinguish different fractal structures with
similar fractal dimension �21�. The chemical dimension d� is
defined as

M��� 	 �d�, �8�

where M��� is mass of the structure within a chemical length
�. The chemical distance between two sites of a cluster is
defined as the length of the shortest connecting path between
them. The chemical distance of the redeposited solid is de-
termined following Ref. �22�. A site on the redeposited solid
is chosen randomly as origin. The redeposited nearest-
neighbor elements of this site define a shell of chemical dis-
tance 1 from the origin. Similarly, the redeposited next near-
est neighbors of the origin form a shell of chemical distance
2 and so on. The number of occupied sites within a shell of
chemical distance � is counted to measure M���. In Fig. 8�a�,
M��� is plotted against � for L=512. The 500 samples are
considered at t=220. On each sample, 5000 different redepos-
ited sites are chosen randomly as origin and data is averaged
over them. From the slope, the chemical dimension is ob-

tained as d�=1.69
0.02. This is close to the chemical di-
mension �d�=1.678
0.005� of the incipient percolation
cluster at p= pc in 2D �23�.

A relation between the chemical distance � between two
sites and the Euclidean distance 	 between them can be ob-
tained as

	��� 	 �d�/df = ��̄ �9�

following Eqs. �7� and �8�. Measuring 	 as a function of �, it
is possible to determine the exponent �̄ directly and verify
the scaling relation �̄=d� /df. In Fig. 8�b�, 	��� is plotted as a
function of �. From the slope, the exponent �̄ is obtained as
0.89
0.01. Here, d� /df =0.90
0.03 and thus the scaling
relation �̄=d� /df is satisfied within error bar. The fractal as
well as topological dimensions of the redeposited path is thus
similar to that of percolation cluster or IP cluster without
trapping. The redeposited path then belongs to the same uni-
versality class of percolation or IP without trapping.

VI. SEPG AND PHASE SEPARATION

The solution profile is found drifted slowly into the solid
though there is no direct force applied to the solution profile.
Initial difference in the chemical potentials � between the
solution and the solid at the interface could be the only
source of a potential gradient in this system. Since the vol-
ume of the solution is assumed to be infinitely large, � is
expected to be constant throughout the simulation. The
chemical reaction considered here converts � spontane-
ously into a potential gradient in the average energy of the
SRS. The driving force to the solution profile appears from
this self-established potential gradient in the binding energy
of the solid. Consequently, the solid is phase separated into a
restructured “hard” solid and the uninvaded original “soft”
solid. To distinguish the restructured “hard” solid from the
original “soft” solid, the average energy 
r�x�� of a column
of index x has been calculated as a function of x. In Fig. 9,

r�x�� is plotted against x for t=213, 214, and 215. The initial
average energy of the unexplored solid should be


r�x��soft = �
0

1

rP0�r�dr , �10�

where P0�r� is the initial distribution of random numbers in
the solid. Since it is uniformly distributed between 0 and 1,
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	��� versus chemical distance � for L=512. From �a�, the chemical
dimension d� of the redeposited solid is obtained as 1.69
0.02.
The exponent �̄ is obtained from �b� as 0.89
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r�x��soft=0.5 and it is shown at the bottom in Fig. 9. The
average energy of the hard solid is expected to be


r�x��hard = �
0

1

rP��r�dr , �11�

where P��r� is the distribution of binding energies of the
invaded solid which includes redeposited solid as well as the
unexplored solid �see Fig. 6� and thus the limit should extend
from 0 to 1. However, the distribution energy of the redepos-
ited solid is expected to be uniform in the range pc to 1 at
t→� limit �see Fig. 5�. It can be seen that the average energy
of the hard solid is found to be lower than 0.7. It is found
that the solution profile at a given time is situated just in
front of the potential gradient developed at that time �see Fig.
9 for t=214�. The SEPG is thus pushing the solution profile
deep into the solid and responsible for the drifted motion of
the solution profile. It is important to note that the gradient in
the average energy has developed spontaneously and leads to
phase separation in the system into “hard” and “soft” solids.
Spontaneous phase separation by a self-established potential
gradient in the invasion of complex solid is a new observa-
tion. This was not observed in the earlier models of glass
dissolution studies �15,24� may be due to rapid dynamics
considered there. Since redeposition is absent in IP, 
r�x��
will have higher value in the uninvaded part in comparison
to the invaded part in contrast to the present situation.

The development of the potential profile and its motion
inside the solid is very similar to front propagation in reac-
tion diffusion systems �25� and biological pattern formation
�26�. In these cases, a steady-state solution of one-
dimensional �1D� Fisher-Kolmogorov �FK� equation �27�
corresponds to an interface moving with a constant velocity
as observed here. A steady-state solution to 1D FK equation
for a field � is also obtained here for an interface between
�=1 /2 and 4 /5. However, the solution to 1D FK equation
here is found to be highly sensitive to the initial conditions.

VII. CLUSTER DYNAMICS

As the potential profile pushes the solution molecules
deep inside the solid, they form clusters and move collec-
tively. It is a process of self-clustering inside the valleys of
the dynamically evolved potential distribution defined by the
random numbers assigned to the lattice sites initially as well
as to the redeposited sites. Note that these are not exactly the
percolation clusters in which the sites are occupied with a
prefixed probability p. In that sense, the clusters are like IP
clusters. However, the clusters here are disconnected and fi-
nite unlike IP. This self-clustering of solution molecules is
similar to the case of clustering of passive sliders on stochas-
tically evolving surfaces �28�. The length of the interface and
the volume of the solution inside the solid grow with time. It
is important to check the nature of the growth of the solid-
liquid interface as well as the volume of the solution inside
the solid. These two growth processes are studied by noting
the number of solid elements I on the interface and the num-
ber of solution molecules S inside the solid as a function of
time t. I and S are plotted in Figs. 10�a� and 10�b�, respec-

tively, against the rescaled time t�= t /L. Note that I as well as
S also scale with the system size L. It is found that both I and
S are growing with time as

I 	 t� and S 	 t� �12�

in the long time regime. The interface as well as the volume
of the solution then have a diffusive growth when the solu-
tion profile is drifted inside the solid at a constant velocity by
the SEPG.

The interface evolution in the present model has great
similarity with the Bak-Snappen �BS� model of biological
evolution �29�. In the BS model, time evolution of the fitness
string of a number of species was considered. The fitness of
a species was represented by a random number uniformly
distributed between 0 and 1. The species with the lowest
fitness �lowest random number� was replaced by another ran-
dom number and the fitness string was locally modified as
the interface is modified locally here in the present model.
The BS model self-organizes into a critical state with inter-
mittent coevolutionary avalanches of all sizes representing
punctuated equilibrium behavior of the evolution process.
The fitness string in the BS model never had a hole, always
a single continuous string, unlike the interface here which
could be a collection of external perimeters of all finite dis-
connected clusters.

VIII. CRITICALITY

In order to verify the criticality of the system, the dynami-
cal cluster size distribution of the finite clusters formed by
solution molecules are determined. The probability to have
an s-sited cluster at time t is given by

0
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g 2(
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L

)
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L
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FIG. 10. Plot of �a� the solid interface elements I and �b� the
solution molecules S inside the solid against the rescaled time t�
= t /L. Different symbols correspond to systems of different width L:
��� for L=256, ��� for L=512, ��� for L=1024. I and S both also
scale with the system size L. From the slopes, both I and S are
found to grow with time as I	t� and S	t� in the long time
regime.
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P�s,t� = Ns�t�/Ntot�t� 	 s�t�−�, �13�

where Ns�t� is the number of s-sited clusters out of total Ntot
clusters found at that time, � is a new exponent. The cluster
size distribution P�s , t� is plotted in Fig. 11 for L=1024 at
t=218, 219, and 220. The straight line represents the least
square fitting between the first 11 data points of t=220. The
slope of the straight line is found as −2.01
0.06. The dy-
namical cluster size then has a power-law distribution with
��2 as in percolation �187 /91� �21�. However, the power-
law distribution is obtained here in a nonequilibrium steady
state. In case of percolation, the criticality characterized by
power-law distribution of cluster size occurs at a equilibrium
critical state achieved by tuning the occupation probability p
to pc. On the contrary, the system here tunes itself to the
dissolution threshold rc��pc� and achieves the nonequilib-
rium steady state spontaneously. It is thus a SOC �13� state
driven by a SEPG in the invasion of a complex solid.

In SOC models, the system is slowly driven externally by
adding sand grains �30� whereas a constant source of solu-

tion is provided here to maintain the steady state. Beside the
scale-free nature of P�s , t� and slow driving, the system has
other essential properties such as constant flux, mass conser-
vation, and diffusive growth of a SOC systems �31�. An ava-
lanche here is a temporal consecutive sequence of dissolu-
tion events as in IP �17�. However, the growth of an
avalanche could be interrupted here by redeposition in con-
trast to IP which also lacks mass conservation.

IX. SUMMARY

In summary, invasion of a sticky random solid by a con-
stant source of solution is modeled via a chemical reaction of
dissolution and reconstruction of the interface. A self-
established potential gradient in the binding energy is devel-
oped spontaneously and separates the solid into restructured
“hard solid” from the original “soft solid.” The solution mol-
ecules form clusters and are drifted together as a Gaussian
profile inside the solid at a constant speed. The system orga-
nizes itself to a nonequilibrium steady state. In the steady
state, the system is found consisting of finite clusters of so-
lution molecules followed by a path of redeposited solid as
an invasion percolation cluster. The growth of the interface
as well as the cluster size is found diffusive with time. The
cluster size has a power-law distribution characterizing the
steady state as critical corresponding to pc. A self-organized
critical behavior at a nonequilibrium steady state driven by a
self-established potential gradient in a random system is then
observed. The present model has connections with systems
defined in multidisciplinary topics of statistical physics such
as invasion percolation, glass dissolution, SOC, reaction dif-
fusion, driven interface in disordered media, biological evo-
lution, particles on evolving surfaces, etc.
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