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mobilities (because of their differences in viscosity or density) in
systems such as a shallow layer or a porous medium, when the fluid
with highest mobility is forced through the other fluid. As soon the
system responds non-linearly to the driving force, enhanced inter-
nal fluctuations (such as concentration fluctuations) are produced
characterizing the early stage of the fingering process. If the fluids
are miscible, the mixing zone at the interface between the two flu-
ids grows as the fluid with high mobility displaces the other fluid,
and there is a dynamical transition where the exponent of the
growth of the mixing length of the interfacial zone, Lyix o< t*,
changes from p = 1/2 (the value typical of a diffusive process) to a
larger value. In the diffusive regime (before any fingering pattern
becomes visible), the flow produces local concentration gradients
which induce mobility fluctuations thereby triggering vorticity
fluctuations. The concentration field in Fig.1 shows that a “land-
scape” of alternating hills and wells has developed. In each blob’,
the concentration field exhibits a two-dimensional g-Gaussian
profile as illustrated in the upper panel of Fig.2 obtained by a sec-
tion plane cut through the extrema in Fig.1. Such g-Gaussians are
precisely solutions to the generalized diffusion equation. Now the
remarkable fact is that the distribution that follows from a g-
exponential profile has a power law behavior. In two dimensions
and for a g-Gaussian — as for the case of the concentration fluctu-
ations c in the fingering pre-transitional regime — the distribution
is simply P(c) o< ¢, as illustrated in Fig.2.

The example presented here is representative of a generic class
of driven nonequilibrium systems where g-exponentials and
power law distributions are the signature of long-range interac-
tions and whose dynamical behavior is governed by non-linear
equations, such as the generalized equation described above.

What has been shown is that during the onset of fingering, one
can identify precursors which exhibit statistical features typical of
nonextensive statistics. Then the question arises as to whether there
is a possible physical interpretation of the origin of nonextensivity?
The driving force produces a spatial sequence of alternating struc-
tures, which, if they were independent, would exhibit an ordinary
Gaussian profile originating from local diffusion centers (J-func-
tions), and would be described by a classical advection-diffusion
formulation. However, when growing, these structures develop into
overlapping Gaussian blobs, and what the analysis shows is that by
renormalizing the overlapping Gaussians, they are recast into a sum
of scale invariant independent g-Gaussians. Similar statistical prop-
erties have been obtained in other nonequilibrium systems which
are discussed in companion articles in the present issue.
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omplexity refers to the quality that certain systems possess of

being intricate and hardly predictable. Ranging from the
turbulent flows that form our atmosphere to the human languages,
our life has plenty of examples of natural complex behavior.
Statistical Mechanics, the area of physics that deals with the prob-
lem of explaining the macroscopic world from the dynamics of its
components, faces nowadays the challenge of applying the stan-
dard reductionist program to all these fascinating systems.

Even when the mathematical equations for describing its time
evolution may be only a few, a complex system is composed of a
huge number of interacting constituents. These constituents, usu-
ally very simple ones, interact giving rise to the emergence of an
unexpected collective phenomenology, where cause and effect
become subtle and where the long time behaviour is no longer
obvious. For succeeding in the plan of explaining complex behav-
ior from first principles, physicists have been looking for simplified
models, mathematically tractable and able to catch the essence of
complexity.

Suppose you have such a complete knowledge on the micro-
scopic details of certain system that you can write down its
Hamiltonian. Now the natural question that arises is the following
one: which are the mechanical conditions the system must fulfill in
order to guarantee that the statistical mechanics calculations would
predict, with an adequate degree of accuracy, the time averaged
quantities obtained from a laboratory experiment. And when trying
to answer such an apparently simple question, one discovers that
even the simplest systems can give place to very intricate behaviour.

Perhaps the simplest Hamiltonian model of interacting parti-
cles one can image is the so called Hamiltonian Mean Field (HMF)
model. Unlike most of the models we are used to deal with when
modeling complexity, in this case, not only the dynamical vari-
ables but also the interactions among them are extremely simple,
lacking any trait of randomness or frustration. The system con-
sists of a set of N interacting particles or rotators of unitary mass,
each one confined to move around its own unitary circle [1]. Each
particle is then mechanically described by an angle 6; and the
corresponding conjugate momentum p;. The dynamics of the sys-
tem is ruled by the following Hamiltonian:
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The first term is the kinetic energy associated with the motion of the
particles, while the second one corresponds to the interaction poten-
tial (the summation running over all different pairs of particles).
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