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Main research interests

My main scientific activities are related to observational studies of the formation and early evolution
of stars and stellar clusters, the formation of substellar objects and the properties and evolution of
circumstellar disks.

Primary objectives are: i) the identification of massive protostars and the study of the formation
and early evolution of young stellar clusters; ii) compare the properties of massive star formation
clouds in our Galaxy with nearby galaxies; iii) the determination of the distribution of pre-stellar core
masses in cluster regions, through mm continuum and molecular line interferometric mosaicing; iv)
the study at infrared wavelengths of young brown dwarfs with the goal of constraining their formation
mechanism; v) the structure and physical properties of circumstellar disks probed at high angular
resolution with near infrared adaptive optics and interferometric techniques; vi) the study of dust
emission properties in the infrared through the mm and cm wavebands with the goal of constraining
its evolution in circumstellar disks leading to the formation of planetesimals.

The formation of massive stars and stellar clusters is being primarily investigated by means of
detailed studies of individual objects as well as large surveys from infrared through the millimeter
wavebands. We are involved in galactic plane surveys (e.g. [A112], [A118]) with Spitzer (MIPSGAL),
the Herschel satellite (GT and open time key programmes) and APEX (in collaboration with the
MPIfR).These surveys will allow us to overcome many of the limitations of the IRAS survey (which is
severely limited by confusion in the inner galactic plane) and will allow us to obtain a global picture of
high mass star formation throughout the Galaxy. These surveys are also likely to become an essential



legacy for detailed studies of high mass star forming regions that will be carried on with ALMA. In
this context, starting from the IRAS and other surveys, we have been actively involved in constraining
the formation mechanism of high mass stars. Some of the most relevant results concern the connection
between clusters and intermediate- to high-mass stars (e.g. [A23], [A75]) and the detection of infalling
torii rotating about massive proto-stars ([A84]).

The study of young protoclusters has also revealed to be an essential benchmark for testing our
global understanding of the star formation process. Our extensive mm-wave mapping of Serpens has
shown that the mass function of prestellar cores in this protocluster is consistent with the field star
IMF, suggesting that cloud fragmentation could be the mechanism that defines the final mass of the
forming stars ([A21]). A similar result was also found for high mass star forming regions ([A77]). The
importance of initial conditions for the formation and early evolution of clusters was also inferred from
a detailed study of the accretion properties of large sample of stars in the Taurus and Ophiuchus star
forming regions ([A82],[A83]). These studies have now been performed in a few nearby star forming
regions and results have been confirmed by a number of other groups, the challenge is now to extend
these observations to different environments, such as massive clusters in the inner regions of the galaxy
or very-low metallicity star forming regions in an extragalactic context. Such studies will require the
full ALMA sensitivity and spatial resolution. We have recently started a project aimed at a detailed
comparison of the molecular clouds properties between galactic high mass star forming complexes and
extragalactic starburst phenomena in the local universe, observed at comparable linear resolution (e.g.
[A114]).

In more recent years I shifted my interest in the study of the structure and evolution of circumstellar
disks and their role in the formation of stars and planetary systems. Our observations and modeling of
disks around young substellar objects suggest that these are scaled down version of solar-type young
stars and that, most likely, these tiny objects forms as a result of a similar mechanisms than the
one that produces stars ([A40],[A43]). This view is also supported by our studies of disk accretion
in the substellar regime ([A69],[A97]) and by our detection of outflowing gas from a young substellar
system ([A74]). Obvious steps forward in this area will be the detection of substellar disks in the far
infrared and with millimeter interferometers to accurately measure disk mass, gas content and size of
the disks. We are currently engaged in this areas with approved and proposed programs at the IRAM
interferometer and the Herschel space observatory (also using our GTO).

The evolution of disks and the initial steps toward the formation of planetary systems has been in-
vestigated studying the dust properties, and especially the size of the dust grains on the disk midplane,
by means of millimeter and centimeter high resolution observations of disks surrounding intermediate
mass pre-main sequence stars. We have been able to show that some of these disks are populated
with a significant amount of dust grains grown to the size of pebbles ([A37],[A56],[A63]). That grains
much larger than those found in the interstellar medium have to be present on the disk midplane
has also been confirmed by independent observations of the disk inner regions, obtained with infrared
interferometers ([A81]). The large grains we have detected may be the direct precursors of planetes-
imals and eventually planets. As usual our initial findings have prompted many new questions that
can and need to be addressed in the coming years both on observational and theretical grounds. We
are currently engaged in observational programmes at the VLA, SMA, ATCA and the IRAM PdBI to
asses how common is grain growth in circumstellar disks and on which timeline this process occurs,
and to derive the radial variations of grain properties in disks. All these are necessary ingredients to
set the stage for planet formation theories.
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