


polytropic distributions (that is, Tsallis' q-maxent distributions)
with an evolving polytropic index (i.e., evolving q-parameter).
Taruya and Sakagami found that the alluded sequence of
polytropic distributions provides a good description both of the
density profile, and of the single-particle energy distribution of
the transient states of the system. Even more interesting, they
also found numerical evidence that the same kind of behaviour
occurs if the outer boundary is removed. This suggest that the
polytropic distributions may play an important role as
quasi-attractors, or quasi-equilibrium states of an evolving self-
gravitating system [7].

Summing up, we have seen that the connection between
Tsallis entropy and self-gravitating systems has been an active
research field in recent years, generating a considerable amount
of new results. For sure, there are still several open questions to
be addressed. For instance, is there any role to be played here by
the super-statistics formalism (see the article by Beck, Cohen,
and Rizzo in this Issue)? Another interesting question, in our
opinion, concerns the possible relationship between the physics
of systems with long range interaction, and the recently advanced
proposal by Tsallis, Gell-Mann and Sato [9], that special occu-
pancies of phase space may make the Sq entropy additive.
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of the q-measure leads to a family of distribution functions of
considerable importance in theoretical astrophysics. In a sense,
astrophysicists, when studying Newtonian self-gravitating
systems, have been dealing with q-MaxEnt distribution functions
for over a hundred years without being aware of it. The link be-
tween the Tsallis non extensive q-entropy and stellar polytropic
distributions consitutes a clue (among several others) indicating
that the entropic measure Sq is not just an ad hoc mathematical
construction.

As already mentioned, many interesting contributions have
been made in recent years in connection with the application of
Tsallis' thermostatistics to self gravitating systems in general, and
to the stellar polytropes in particular [3-7]. Sau Fa and Lenzi have
obtained the exact equation of state for a two-dimensional self
gravitating N-particule system within Tsallis thermostatistics [3].
An interesting analysis of the Jean's gravitational instability of a
self-gravitational system characterized by a q-gaussian velocity
distribution was done by Lima, Silva, and Santos [4]. A detailed
study of the gravothermal catastrophe of self-gravitating systems
in conection with Tsallis' q-entropy was performed by Taruya
and Sakagami (see [5] and references therein). It has been
recently pointed out by Chavanis and Sire [6], that the criterion
for nonlinear dynamical stability for spherical stellar systems gov-
erned by the Vlasov-Poisson equations resembles a criterion of
thermodynamical stability. On the basis of this, it is possible to
develop a thermodynamical analogy to study the nonlinear dy-
namical stability of spherical galaxies. Within this approach, the
concepts of entropy and temperature would be essentially effec-
tive. In [6], the Tsallis functional is interpreted as a useful H-
function connecting continuously stellar polytropes and isother-
mal stellar systems.

On the basis of long term, N-body simulations of self gravi-
tating systems, Taruya and Sakagami have obtained important
numerical evidence for a connection between the physics of self-
gravitating systems and the Tsallis formalism [7]. Taruya and
Sakagami have shown that the evolution of a stellar system con-
fined within an adiabatic wall (starting with initial conditions
away from the Boltzmann-Gibbs distribution, and before the sys-
tem enters the gravothermally unstable regime and undergoes
core collapse) can be fitted remarkably well by a sequence of
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b Fig. 1: Stellar polytropes are  simple
models for stellar systems exhibiting a
particle density in position-velocity
space that is a power-like function of
the energy. The conco-mitant
exponent is n-3/2, where n is called
the polytropic index. This polytropic
distribution can be obtained by
optimizing the system's q-entropy
under the constraints imposed by the
system's total mass and energy. The
polytropic index n is here plotted  as a
function of the Tsallis' entropic
paramenter q.The red star corresponds
to the so called Schuster sphere, with n
= 5 and q = 7/9. For  n < 5 (q < 7/9) the
polytropic distributions have finite
mass and energy. All the depicted
quantities are  dimensionless.


