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MAIN SCIENTIFIC ACHIEVEMENTS:

1) In the early seventies by studying scaling transformations in the context of critical phenomena
discovered with M.Marinaro a much wider form of scaling. These new form of scaling contained as a
particular case multifractality and multiscaling which became of much interest many years later in a large
variety of fields (see paper [11,12,75])

2) Has contributed among the first to the development of correlated percolation [14] , which led later
to the development of models for gels [24,26,39,176].

3) With coworkers contributed to the development of random and correlated percolation by developing
a general theory to study continuum and correlated percolation based on Meyer cluster expansion, allowing
the extension of many results from fluid theory to percolation [16,18].

4) In related work, with coworkers he has proven rigorous inequalities between thermodynamical quan-
tities and percolation quantities in the Ising model, which led to the proof that Ising clusters percolate at
the Ising critical point in two dimension but not necessarily in higher dimensions [13,15,20].

5) Proved a relation between pair connectedness and singly connected bonds (also called red bonds)
in percolation. One of the consequences of such relation was to show that the fractal dimension of the
singly connected bonds in the incipient infinite cluster in random percolation is given by the thermal scaling
exponent. Based on these exact results he has contributed to the characterization of the fractal structure
of the incipient infinite cluster by putting on a firm foundation the “nodes links and blobs model” for the
incipient infinite cluster which is now accepted as the standard model for percolation [33,35,44].

6) One of the consequences of the previous results led Coniglio to prove that the crossover critical ex-
ponents of the dilute Ising model and Heisenberg model are related respectively to the fractal dimension of
the singly connected bonds and the resistivity exponent. This work explained the experimental results in
dilute ferromagnets and gave a geometrical interpretation of why the two crossover exponents were differ-
ent[33,35,50] .
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7) Coniglio and Klein gave a geometrical characterization of the Ising critical point in terms of new
clusters ( CK droplets) which have the properties of percolating at the Ising critical point with the Ising
exponents [25,26,34,38,104] which led to the Swendsen-Wang cluster dynamics. More recently, this cluster
definition has received attention in QCD and also in explaining cluster fragmentation in nuclear matter.

8) By analysing the fractal structure of the CK droplets in the q-state Potts model, provided exact
values in 2d for the fractal dimension of the red bonds for any q. In particular for q=0 he obtained the
fractal dimension of the red bonds in the spanning tree[95].

9) Later related the hyperscaling breakdown, with the presence of infinitely many clusters above the
uppercritical dimensionality [69,173].

10) Among the first to have contributed with cowerkers to the development of multifractality and
multiscaling in diffusion limited aggregation model[73,79, 106,123] and in percolation [74,83].

11) Has contributed with Zannetti to the development of phase ordering processes by providing for the
first time an analytical solution for the time dependent Ginzburg Landau model, in the limit in which the
number of components of the order parameter goes to infinity [103].

12) With collaborators developed a microscopic “spin-glass” type of model that elucidates the phase
diagram of a class of materials displaying high-temperature superconductivity [85].

13) Has contributed to a number of topics related to glasses and spin glasses [162,163,175] and their
connection to granular materials[137,141,147], by developing with collaborators the frustrated percolation
model which maps exactly the spin glass model into a geometrical model[114]

14) Recently has largely contributed to the study of granular systems by developing a statistical me-
chanics approach[191,222,194,180,234], which allows to treat many problems of granular media, using the
standard tools of the statistical mechanics formalism. With this formalism it was possible to show that the
jamming transition which occur in granular materials, at mean field level, has the same static and dynamic
properties of structural glasses[209,223,227]. A second important result was to show that the segregation
phenomena occurring in granular mixtures can be explained in terms of an effective free energy. One of the
consequences was to predict large density fluctuations associated to the presence of a critical point in vi-
brated granular mixtures [214,224,232]. Many of these results have been confirmed by numerical simulations
and can also be tested experimentally.

15) Has contributed to discover in colloidal gels, the important role due to finite lifetime bonds in cluster
formation[210,225,236].

16) More recently in a combined efforts with physicist and biologist he has suggested a mechanism,
for which most eukaryotic cells have the ability to migrate along shallow gradient of chemoattractants
(Chemotaxis). This mechanism is able to self tune the cell to an equilibrium state of phase coexistence, that
amplifies a shallow gradient of chemical attractant , by phase separating[226,241] .
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