


regime is fixed. As expected, the model is nonergodic and, ac-
cordingly, the time average and the ensemble average of a phys-
ical quantity are different from each other. We have ascertained
that, for the event-event correlation function (defined by the
natural-time average) in Eq. (1), the model well reproduces the
aging and scaling properties (together with the form of the scal-
ing function, C

~
) discovered in Ref.[3] for real seismicity. On the

other hand, an intriguing feature was found for the event-event
correlation function defined by the ensemble average with
respect to numerical runs. To distinguish such a correlation func-
tion from the one with the natural-time averages in Eq. (1), it is
denoted here by D(n + nw, nw). This quantity also turned out to
exhibit the aging phenomenon with respect to the natural wait-
ing time, that is, the smaller the value of the natural waiting time
is, the faster correlation decays. So, the system has an internal
clock. Fig. 1 shows that the aging curves become collapsed to a
single curve by the rescaling of the natural time: D(n + nw, nw) =
D
~
(n/(nw)1.05), establishing the scaling property. The inset presents

its semi-q-log plot. The straight line there implies that the scal-
ing function, D

~
, is given by the q-exponential function.

Now, according to Tsallis [6], there may be “q-triplet” {qstat, qsen,
qrel} for a system described by nonextensive statistics, where qstat is
the entropic index appearing in the maximum Tsallis entropy
distribution as well as the Tsallis entropy itself, qsen is the index
characterizing sensitivity of a nonlinear dynamical system to
the initial condition and qrel controls the rate of relaxation and
decay of correlation. In the case of a simple system described by
Boltzmann-Gibbs-type statistics, the q-triplet may be given by {qs-

tat, qsen, qrel} = {1, 1, 1}. In the case of a complex system, physical
quantities are often expressed empirically in terms of the q-
exponential function: e.g., probability distributions (qstat), the dis-
tance between two trajectories of a dynamical system (qsen) and
relaxation or correlation (qrel), with the values all different from
unity. An example is provided by the recent work done by the
people from NASA [7], who have discovered a non-Boltzmann-
Gibbs case in a single physical setup. Analyzing the fluctuating
magnetic field strength observed by Voyager 1 in the solar wind,
they have found that {qstat, qsen, qrel} = {1.75 ± 0.06, -0.6 ± 0.2, 3.8
± 0.3}.

Therefore, the q-exponential scaling function obtained for af-
tershocks in the coherent noise model, D

~
, with qrel ~– 2.98, which

is notably different from unity, could be seen as a fingerprint of
further relevance of nonextensive statistics.

Science of complexity certainly enables one to reveal novel
aspects of real seismicity. Nonextensive statistics is expected to
offer a guiding principle for a deeper understanding of complex
dynamical systems with catastrophes, in general and complexity
of seismicity, in particular.
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More than fifteen yeas ago, a generalized thermostatistical
formalism (usually referred to as nonextensive statistical

mechanics) based on a power-law entropic measure Sq was
advanced by Constantino Tsallis [1]. Increasing attention has been
paid to the Tsallis proposal in recent years, because it has been
hailed by many researchers as a useful tool for the description of
certain aspects of physical scenarios exhibiting atypical thermo-
dynamical features due, for instance, to the presence of long range
interactions. When the Tsallis formalism appeared in 1988, it was
not at all clear what possible physical applications it might have.
The first hint pointing towards a relationship between the Tsallis'
ideas and the thermodynamics of systems with long range inter-
actions came in 1993 [2], when it was realized that the Tsallis
entropic functional is closely related to a family of distribution
functions well known by astronomers studying the dynamics of
stellar systems: the polytropic stellar distributions. In point of fact,
the discovery of the connection between Tsallis entropy and the
stellar polytropic distribution constituted the first application of
the Tsallis' formalism to a concrete physical problem. Stellar
systems, such as stellar clusters or galaxies, are important examples
of astrophysical self-gravitating systems, where the gravitational
interaction between the constituents of the system play a funda-
mental role in determining the system's properties. The
exploration of the connections between the Tsallis thermostatis-
tical formalism and the physics of self-gravitating systems has
been the focus of a considerable research activity in recent years
[3-7].

Nonextensive statistical mechanics is built up on the basis of
the nonextensive, power-law entropy Sq [1]. The entropic index
q (also called the Tsallis' entropic parameter) characterizes the
statistics we are dealing with. In the limit q → 1 the usual Boltz-
mann Gibbs (BG) expression is recovered: S1 = SBG (for the
definitions of the basic quantities associated with the q-entropy
see the Box in the editorial introduction by Tsallis and Boon to
the present Issue). Optimizing the entropic measure Sq under the
constraints imposed by normalization and the mean value of the
energy, one obtains the probability distribution associated (in
the context of Tsallis' formalism) with the thermal equilibrium or
metaequilibrium of the system under consideration. The main
property of this q-generalized maximum entropy distribution is
that it exhibits a power-law like dependence on the microstate
energy ei, instead of the exponential dependence associated with
the standard Boltzmann-Gibbs thermostatistics.

Galaxies can be regarded as self gravitating N-body systems
that are trapped for a long time in a non-collisional regime (un-
til collisional effects finally become important) where the stars
move under the influence of the mean potential Φ generated by
the whole set of stars, Φ being a function of the spatial position x.
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