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COVER ILLUSTRATION:

The cover illustration is an image realized by Effetti. The upper part of the image
is an artist’s view of an extrasolar planetary system containing a potentially
habitable Super Earth (credits: David A. Hardy’s AstroArt). The lower part of
the image is a view of 2006 Winter Olympics host city Torino, with the snow-
capped Alps in the background. The tall building in the foreground is the Mole
Antonelliana, the major landmark of Torino. It is named for the architect who
built it, Alessandro Antonelli. Construction began in 1863 and was completed
26 years later, after the architect’s death. Initially conceived to be a synagogue,
today it houses the National Museum of Cinema. With its 167 m vertical size,
it is 0.49 m higher than the Philadelphia City Hall in Pennsylvania (USA), thus
holding the record for the tallest masonry building in the world.

The image, ideally representing both the location and the scientific topics ad-
dressed at the meeting, was chosen to be the official poster of IAU Symposium
276.
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Preface

More than 500 planets are now known to orbit main-sequence stars in the neighborhood
of our Sun, discovered and characterized using a variety of techniques, both from the
ground and in space. On the one hand, the observational data on extrasolar planets
show striking properties indeed, likely evidence of the complexity of the process of planet
formation and evolution. On the other hand, the large flow of empirical information
gathered on extrasolar planets in the Solar neighbourhood is such that in-depth studies
are now possible, which allow us to reach a deeper understanding of the mechanisms
regulating their formation processes, their internal structure and atmospheres, and their
long-term dynamical evolution. Next-generation observatories (both from the ground and
in space) and new methods of data analysis have reached a degree of ripeness that the
discovery of planets similar to our Earth, for which it might be possible to establish
the degree of habitability, appears to be behind the corner. Fifteen years after the first
announcement of a Jupiter-mass companion orbiting a normal star other than the Sun,
the formation and evolution of planetary systems is now emerging as a new, quickly
expanding interdisciplinary research field.

When the vast breadth of exoplanets research is taken as a whole, one then realizes
how we’re now witnessing the beginning of a new era of comparative planetology, in
which our Solar System can finally be put in the broader context of the astrophysics
of planetary systems. To this end, help from future data obtained with a variety of
techniques will prove invaluable. Planet search surveys, initially focused solely on planet
discovery, are now being designed to put the emerging properties of planetary systems
on firm statistical grounds and thus thoroughly test the theoretical models put forth to
explain their existence. Furthermore, both NASA and ESA are now formulating strategies
to establish a logical sequence of missions and telescope construction to optimize the
pace and quality of exoplanet discoveries (with both direct and indirect techniques)
and address key questions on the physical characterization and architecture of planetary
systems.

With the approaching 15th anniversary of the 51 Pegb discovery announcement, and
considering the quickening pace of development of the exoplanet field, a preliminary pro-
gram was drafted in 2009 by members of the Scientific Organizing Committee (SOC)
for an IAU Symposium focused on addressing two main questions: Where do we stand?
What’s next? The 276th IAU Symposium (IAUS 276) was held in Torino during the
week of October 10-15, 2010. At the time of definition of the final scientific program, the
broad range of issues in the astrophysics of planetary systems selected to provide an-
swers to these questions was divided in to four main topical sessions: Planet Formation,
Internal Structure and Atmospheres, Interactions, and The Next Decade. The first three
sessions allowed for vibrant confrontations between theory and observations. Datasets
of the highest quality, state-of-the-art numerical tools, and increasingly sophisticated
theoretical models showed the impressive progress being made in our understanding of
planet formation and evolution. The last session provided a forward look into strategic
planning exercises of both community and agencies and into ongoing preparations and
developments of future ground-based and space-borne observatories devoted to exoplan-
etary sciences. We warmly acknowledge all the SOC members who actively contributed
with their suggestions to shape a strong and attractive scientific program (while making
sometimes difficult choices given the large number of talk requests). One major objective
achieved during the Symposium was indeed that of connecting scientific results obtained
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by ground-based and space-borne research programs for the detection and characteriza-
tion of extrasolar planets with the grand projects that will contribute to move forward
the frontier of research in the field during the next decade. The most recent, exciting
discoveries of transiting rocky planets (“Super Earths”) by the Kepler and CoRoT space
telescopes were discussed in parallel to unprecedented results obtained with large ground-
based facilities, such as the VLT and the Keck Observatories, regarding the characteri-
zation of the chemical composition of the atmospheres of nearby exoplanets. From the
ground, ambitious project to search for Earth analogs around the nearest stars with the
HARPS spectrograph were discussed in the context of the science potential of next gen-
eration instruments that will come online during the next decade, such as ESPRESSO on
the VLT, or CODEX on the 42-m E-ELT. From space, the heritage of the great results ob-
tained by the Hubble and Spitzer space telescopes (at visible and infrared wavelengths)
on the characterization of the structural and atmospheric properties of extrasolar gas
giants was shown to form the basis for the design of new challenging exoplanet charac-
terization programs with the next generation of space observatories, such NASA’s JWST
and ESA’s Gaia.

The community answered even more enthusiastically than we could hope for. The
great interest in the Symposium can be easily quantified in terms of its sheer numbers:
12 invited review talks (“(IR)” in the table of contents), 27 invited talks (“(I)” in the
table of contents), 39 oral contributions (“(C)” in the table of contents), and some 120
posters, whose authors had the opportunity to illustrate with 2-minute presentations
within five dedicated daily poster popups sessions (a significant fraction of this volume is
devoted to the poster papers, arranged according to their topic in a sequence echoing that
of the oral sessions). Overall, the Symposium entertained 218 astronomers (of which 27%
were female) from 27 countries. The enthusiasm and professionalism of the participants
crucially helped in making IAUS 276 an overwhelming success.

The choice of Torino as the Symposium venue was deemed timely as the conference
would fall during a particular period of large-scale celebrations: the Torino Astronomical
Observatory concludeed in 2010 the celebrations of the 250th anniversary from its foun-
dation, Torino was the 2010 European Capital of Science, hosting the Euroscience Open
Forum, and significant preparations started in 2010 for the great celebrations of the 150th

anniversary of the Unification of Italy in 2011 (Torino having been the first capital of
unified Italy). While not being a famous beach or ski resort, Torino has been rediscov-
ered in recent years as an important tourist destination. After hosting the 2006 Winter
Olympics, and at the end of a 20-year long redevelopment plan which is unparalleled in
Europe since the one carried out by the city Barcelona in the 1980’s, Torino is today
in the top ten of the most visited cities in Italy. It was a cause of major satisfaction to
hear the impressions of many of the participants (and their accompanying guests), who
confessed to having thoroughly enjoyed the unexpected beauties of Torino.

The success of IAUS 276 was not only scientific, but also logistic. The smoothness
of all activities related to the Symposium, and the virtually non-existent organizational
“glitches” is the result of the extraordinary joint efforts of a large number of people. The
Torino Astronomical Observatory members of the Local Organizing Committee (LOC)
worked very hard to make this conference both enjoyable and highgly memorable. Partic-
ular thanks to Maria Sarasso, Ummi Abbas, Tullia Carriero, Richard Smart, and Roberto
Silvotti for their dedication in taking care of all organizational aspects with lucidity,
calmness, and professionalism. An excellent team of people helped the LOC in coordinat-
ing the daily activities at the Torino Incontra Conference Center (Roberta Ghiringhelli,
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Alessandra Quaranta, Maurizio Pesce, Deborah Busonero, Sebastiano Ligori, Alberto
Riva). The schedule of the meeting was quite compressed, and the fact that we could
always end the sessions in perfect time is particularly due to the professionalism and ef-
ficiency of Roberto Morbidelli (Torino Astronomical Observatory), Massimo d’Ambrosio
and Marco Gonzatto (Torino Incontra), who chased speakers and poster presenters across
the whole of the conference venue, made sure all presentations worked correctly, and ran
smoothly all display operations from inside the slide room. Alessandro Spagna (Torino
Astronomical Observatory) is to be warmly thanked for providing all the exquisite Sym-
posium pictures (available at http://iaus276.oato.inaf.it/IAUS 276/index.htm),
some of which are included in this volume. We gratefully acknowledge David Char-
bonneau, who failed to assign the prize (a large bottle of Canadian maple syrup of the
highest quality) for the 100th transiting planet discovered during the Symposium, but
generously left it behind for us to enjoy it thoroughly.

Finally, a special thought goes to Ummi, for always being there and providing crucial
support at any time.

Extrasolar planets and the search for life in the Universe are topics of particular appeal
for the general public. It was thus natural to offer, in parallel to the Symposium science
activities, a strong public outreach program to the wider community. Two scientific
lectures open to the public were scheduled at the Planetarium of Torino during the
time of IAUS 276, delivered by prominent actors in the exoplanet arena (Dr. David W.
Latham and Prof. Sara Seager). The public lecture given by Prof. David Charbonneau
at the historic Gobetti Theater in downtown Torino proved a very successful means of
dissemination of the latest hot results in the field to the greater public. In addition, a
long reportage on the Symposium with interviews to David Charbonneau, Sara Seager,
Bill Borucki, and the SOC Chair by Dr. Silvia Rosa Brusin was broadcasted on the
public (RAI) national TV channels in October 2010, and more than 25 articles covering
IAUS 276 appeared on local, national, and international news media during the same
timeframe.

It is a great pleasure to acknowledge the patronage and generous financial contributions
of the public and private sponsors listed on page xvii of these Proceedings. Their support
made the idea of IAUS 276 come true. Essential travel sponsorship for young graduate
students and early-stage researchers was generously provided by IAU.

Very special thanks go to the Regione Piemonte and Thales Alenia Space S.p.A. for
providing the funds that made the realization of this volume possible.

The field of exoplanet science is now moving so fast that, just a few months after the
end of IAUS 276, spectacular new discoveries are already looming on the horizon. This
Proceedings volume serves two important purposes: It provides a detailed still picture of
the state-of-the-art of the field fifteen years after the first discovery announcement, and
with the breadth of its scope, it constitutes a tribute to the extraordinary diversity and
dynamism of research in planetary systems astrophysics. As much as we enjoyed assem-
bling it, we trust the readers will enjoy perusing this volume, and find the motivation
and inspiration for the next Symposium on exoplanets astrophysics.

Alessandro Sozzetti (SOC Chair, Lead Editor), Mario G. Lattanzi (LOC Chair), and
Alan P. Boss
Torino, Italy, and Washington D.C., USA, January 2011
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Figure 1. IAUS 276 Group Picture in Piazzale Valdo Fusi, in front of the Symposium venue.
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Figure 2. Top: the Scientific Organizing Committee. Bottom: the Local Organizing
Committee and the SOC Chair.
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Figure 3. Top: the participants attending the opening session of IAUS 276 in the Cavour Hall of
the Torino Incontra Conference Center. Bottom: Professor Geoff Marcy addressing the audience
during the opening review talk of the Symposium.
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Figure 4. Top: Dr. David Latham coordinating the discussion time as Chairman of one of the
sub-Sessions on transiting planets. Bottom: a bird’s eye view of one of the poster popup sessions.
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Figure 5. Top: interaction between participants was frequent at the posters viewing area, in
which they were exposed for the duration of IAUS 276 in the Torino Hall. Bottom: participants
had no trouble standing in line during coffee breaks in order to savor the highly praised espresso.
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Figure 6. Top: Prof. David Charbonneau during his Public Lecture at the Gobetti Theater
in downtown Torino. Bottom: the inside of the historic theater, once the Royal Savoy family’s
private entertainment place.
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Figure 7. Top: a view of the conference dinner in the Senate Hall of Palazzo Madama.
Bottom: SOC and LOC Chairs
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xxvi Conference photographs

Figure 8. Women in Astronomy: a significant fraction (27%) of the participants to IAUS 276
were female researchers at either an early or advanced stage of their careers. Women represented
∼ 40% of the LOC, 20% of the SOC, ∼ 20% of the (invited or contributing) speakers, ∼ 40% of
the poster presenters, and ∼ 40% of the grant recipients.
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Conference photographs xxvii

Figure 9. Top: one of the groups of participants gathering at the entrance of the Venaria Reale
royal residence, a World Heritage site just outside Torino. Bottom: a group of participants
enjoying the Great Gallery, or ‘Galleria di Diana’
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