9—13 November 2009,
Geneva, Switzerland

Light Elements
inthe

Universe

Charbonnel
Tosi
Primas
Chiappini

Proceedings of the
International Astronomical Union

TAU

CAMBRIDGE

9—13 November, 2009,
Geneva, Switzerland

ISSN 1743-9213

International Astronomical Union

U

CAMBRIDGE

UNIVERSITY PRESS

Proceedings of the International Astronomical Union

Light Elements
in the Universe

Edited by

Corinne Charbonnel
MonicaTosi
Francesca Primas
Cristina Chiappini



https://doi.org/10.1017/S1743921310003716

LIGHT ELEMENTS IN THE UNIVERSE
TAU SYMPOSIUM No. 268

COVER ILLUSTRATION: JET D’EAU de Geneve

Designed by Cécile H.

https://doi.org/10.1017/51743921310003716 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921310003716

IAU SYMPOSIUM PROCEEDINGS SERIES
2009 EDITORIAL BOARD

Chairman

THIERRY MONTMERLE, TAU Assistant General Secretary
Laboratoire d’Astrophysique, Observatoire de Grenoble,
414, Rue de la Piscine, Domaine Universitaire,

BP 53, F-38041 Grenoble Cedex 09, FRANCE
thierry.montmerle@obs.ujf-grenoble.fr

Advisers

IAN F. CORBETT, IAU General Secretary,
European Southern Observatory, Germany

U. GROTHKOPF, European Southern Observatory, Germany
CHRISTIANN STERKEN, University of Brussels, Pleinlaan 2, 1050 Brussels, Belgium

Members

TAUS260
DAVID VALLS-GABAUD, GEPI — Observatoire de Paris, 5 Place Jules Janssen, 92195
Meudon, France

TAUS261

S. A. KLIONER, Lohrmann Observatory, Dresden Technical University, Mommsenstr. 13,

01062 Dresden, Germany
TAUS262
G. BRUZUAL A., CIDA, Apartado Postal 264, 5101-A Mérida, Venezuela

TAUS263

J. A. FERNANDEZ, Departamento de Astronomia, Facultad de Ciencias, Igua 4225, 11400

Montevideo, Uruguay

TAUS264
A. KOSOVICHEV, Stanford University, 452 Lomita Mall, Stanford, CA 94305-4085, USA
TAUS265
K. CUNHA, NOAO, 950 N. Cherry Avenue, Tucson, AZ 85719, USA
TAUS266

R. DE GRIJS, Kavli Institute for Astronomy and Astrophysics, Peking University,
Yi He Yuan Lu 5, Hai Dian District, Beijing 100871, China

and Department of Physics & Astronomy, The University of Sheffield, Sheffield S8 TRH, UK

TAUS267
B. PETERSON, Department of Astronomy, 140 West 18th Ave, Ohio State University,
Columbus, OH 43219, USA

TAUS268

C. CHARBONNEL, Geneva Observatory, 51, chemin des Maillettes, 1290 Versoiz, Switzerland

https://doi.org/10.1017/51743921310003716 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921310003716

INTERNATIONAL ASTRONOMICAL UNION
UNION ASTRONOMIQUE INTERNATIONALE

International Astronomical Union

TAU

LIGHT ELEMENTS IN THE
UNIVERSE

PROCEEDINGS OF THE 268th SYMPOSIUM OF THE
INTERNATIONAL ASTRONOMICAL UNION
HELD IN GENEVA, SWITZERLAND
NOVEMBER 9-13, 2009

Edited by

CORINNE CHARBONNEL
GENEVA OBSERVATORY, GENEVA UNIVERSITY, SWITZERLAND &
CNRS, FRANCE

MONICA TOSI
INAF-OSSERVATORIO ASTRONOMICO DI BOLOGNA, ITALY

FRANCESCA PRIMAS
EUROPEAN SOUTHERN OBSERVATORY-ESO, GARCHING, GERMANY

and

CRISTINA CHIAPPINI
GENEVA OBSERVATORY, GENEVA UNIVERSITY, SWITZERLAND &
INAF-OSSERVATORIO ASTRONOMICO DI TRIESTE, ITALY

# CAMBRIDGE

) UNIVERSITY PRESS

https://doi.org/10.1017/51743921310003716 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921310003716

CAMBRIDGE UNIVERSITY PRESS

The Edinburgh Building, Cambridge CB2 8RU, United Kingdom
32 Avenue of the Americas, New York, NY 10013-2473, USA
477 Williamstown Road, Port Melbourne, VIC 3207, Australia
Ruiz de Alarcén 13, 28014 Madrid, Spain

Dock house, The Waterfront, Cape Town 8001, South Africa

© International Astronomical Union 2010

This book is in copyright. Subject to statutory exception

and to the provisions of relevant collective licensing agreements,

no reproduction of any part may take place without

the written permission of the International Astronomical Union.
First published 2010

Printed in the United Kingdom at the University Press, Cambridge
Typeset in System BTEX 2¢

A catalogue record for this book is available from the British Library

Library of Congress Cataloguing in Publication data

This book has been printed on FSC-certified paper and cover board. FSC is an independent,
non-governmental, not-for-profit organization established to promote the responsible
management of the world’s forests. Please see www.fsc.org for information.

ISBN 9780521765060 hardback
ISSN 1743-9213

https://doi.org/10.1017/51743921310003716 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921310003716

Table of Contents

Preface ... o xi
Organizing committee . .. ... ... xiii
Conference photograph .. ........ ... i xiv
Conference participants. ... ... ... XV

Opening Session
Light elements - one observer’s historical perspective.................... ... 3

D. L. Lambert

Session I. Production of the light elements in the first minutes
of the Universe
Chair: Suzanne Talon

Constraints from cosmic microwave background experiments ................ 17

J. Dunkley (Invited Review)

Primordial nucleosynthesis: A cosmological probe. ......... ... ... .. ...... 19
G. Steigman (Invited Review)

The cosmic lithium problem and physics beyond the Standard Model . .. ...... 27
K. Jedamzik (Invited Review)

Big Bang nucleosynthesis with long-lived strongly interacting relic particles . . . . 33
M. Kusakabe, T. Kajino, T. Yoshida & G. J. Mathews

Primordial nucleosynthesis in higher dimensional cosmology................. 39
S. Chatterjee
Session II. Abundances of D, *He and *He: observations

Chairs: Robert Rood, Monica Tosi

Measurements of Deuterium in the Milky Way . ........ . .. ... . ... ... 43
K. Sembach (Invited Review)

The total deuterium abundance in the local Galactic disk: decisions and implica-

BIOMS. . . 93
J. L. Linsky

What the D/O ratio tells us about the interstellar abundance of deuterium? . . . 59
G. Hébrard

(Un)true deuterium abundance in the Galactic disk.............. ... ... ... 65

T. Prodanovic, G. Steigman & B. D. Fields

Abundances of hydrogen and helium isotopes in the Protosolar Cloud. . ....... 71
J. Geiss & G. Gloeckler (Invited Review)

Measurements of 3He in Galactic HII regions and planetary nebulae . ......... 81
T. M. Bania, R. T. Rood & D. S. Balser (Invited Review)

https://doi.org/10.1017/51743921310003716 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921310003716

vi Contents

Measurements of *He in metal-poor extragalactic HII regions: The primordial he-
lium abundance and the AY/AO Ratio............ ... ... ... ...... 91
M. Peimbert, A. Peimbert, L. Carigi €& V. Luridiana (Invited Review)

4He abundances: Optical versus radio recombination line measurements . . . . . .. 101
D. S. Balser, R. T. Rood, & T. M. Bania

The primordial abundance of He from a large sample of low-metallicity HII regions 107
Y. I Izotov

Uncertainties in nebular helium abundances ... .......... .. ...... ... ...... 113
E. D. Skillman

The quite complex “Simple Stellar Populations” of globular clusters .......... 119
A. Bragaglia (Invited Review)

Revisiting the helium abundance in globular clusters with multiple main sequences 129
L. Casagrande, L. Portinari & C. Flynn

Helium-rich stars in globular clusters: constraints for self-enrichment by massive

S TS . . ot e 135
T. Decressin, G. Meynet & C. Charbonnel
What helium and lithium can tell us about CEMP stars?................... 141

G. Meynet, R. Hirschi, S. Ekstrém, A. Maeder, C. Georgy, P. Eggenberger
& C. Chiappini

The Helium contribution from massive AGBs. . ......... ... .. ... .. . .. ..... 147
P. Ventura

Discussion A: On the abundance of deuterium in the local interstellar medium and
in high-redshift systems . ............ . . 153
Monica Tosi (Discussion Leader)

Discussion B: What is the *He from HII regions? What needs to be done to better
understand the systematic errors? ........ ... .. ... . . . 163
G. Ferland (Discussion Leader), Y. Izotov, A. Peimbert, M. Peimbert,
R. L. Porter, E. Skillman & G. Steigman

He-rich and He-poor populations in RGB stars. Results on a sample of 19 globular
ClUSEETS . . oo 169
A. Bragaglia, V. D’Orazi, R. Gratton, E. Carretta, S. Cassisi € S. Lucatello

Helium abundances in inner Galaxy planetary nebulae ..................... 171
0. Cavichia, R. D. D. Costa €& W. J. Maciel

Primordial helium abundance of the SMC: a view from intermediate mass stars. 173
R. D. D. Costa, W. J. Maciel & T. E. P. Idiart

The helium spread among the stars of 47Tuc .. ........ ... ... ... . ... ... 175
M. Di Criscienzo

Lithium and proton-capture elements in globular clusters: the case of 47 Tucanae 177
V. D’Orazi, S. Lucatello, R. Gratton, A. Bragaglia & E. Carretta

The Galactic deuterium gradient . ............... .. 179
D. Lubowich & J. M. Pasachoff

https://doi.org/10.1017/51743921310003716 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921310003716

Contents vii

Helium abundances in planetary nebulae: Nucleosynthesis and chemical evolution 181
W. J. Maciel, R. D. D. Costa & T. E. P. Idiart

Chemical composition of stellar populations in Omega Centauri.............. 183
A. F. Marino, G. Piotto, R. Gratton, A. P. Milone, M. Zoccali, L. R. Bedin,
S. Villanova € A. Bellini

On the total O/H abundance ratio in Galactic and extragalactic H II regions. . . 185
A. Peimbert & M. Peimbert

On the origin of the helium-rich population in the peculiar globular cluster Omega
Centauri ... ..o 187
D. Romano, M. Tosi, M. Cignoni, F. Matteucci, E. Pancino & M. Bellazzini

Session III. Abundances of LiBeB: observations
Chairs: Beatriz Barbuy, Yuri Izotov, Paolo Molaro & Francesca Primas

The light elements in the light of 3D and non-LTE effects. .................. 191
M. Asplund & K. Lind (Invited Review)

Li isotopes in metal-poor halo dwarfs: a more and more complicated story . . . .. 201
M. Spite & F. Spite (Invited Review)

Observational signatures for depletion in the Spite plateau: solving the cosmological
Li discrepancy?. . .. ..ot 211
J. Meléndez, L. Casagrande, I. Ramirez, M. Asplund & W. J. Schuster

Convection and %Li in the atmospheres of metal-poor halo stars. ............. 215
M. Steffen, R. Cayrel, P. Bonifacio, H.-G.Ludwig & E. Caffau

Beryllium and Boron in metal-poor halo stars ............................ 221
F. Primas (Invited Review)

New Beryllium results in halo stars from Keck/HIRES spectra............... 231
A. M. Boesgaard, J. A. Rich, E. M. Levesque & B. P. Bowler

Boron abundances in diffuse interstellar clouds. ... ....... ... .. .. ... .. ... 237
A. M. Ritchey, S. R. Federman, Y. Sheffer € D. L. Lambert

Boron abundances in the Galactic disk .......... ... ... ... . ... . ... ..... 243
K. Cunha

Lithium in globular clusters . ........ ... .. 249

A. J. Korn (Invited Review)

Main sequence and sub-giant stars in the globular cluster NGC 6397: The complex
evolution of the lithium abundance. .. ....... .. ... .. ... ... ... ... 257
J. I. Gonzdlez Herndndez, P. Bonifacio, E. Caffau, M. Steffen,
H.-G. Ludwig, N. Behara, L. Sbordone, R. Cayrel & S. Zaggia

Observational signatures of lithium depletion in the metal-poor globular cluster
NGO 6307 . oottt 263
K. Lind, F. Primas, C. Charbonnel, F. Grundahl & M. Asplund

Lithium in a metal-poor external galaxy: Omega Centauri .................. 269
P. Bonifacio, L. Monaco, L. Sbordone, S. Villanova & E. Pancino

https://doi.org/10.1017/51743921310003716 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921310003716

viii Contents

Lithium and beryllium in Population I dwarf stars................ . ... ... 275
S. Randich (Invited Review)

Lithium in stars with exoplanets ........ ... ... .. . .. 285
G. Israelian

Light elements in stars with exoplanets.......... ... .. ... .. ... .. ... 291
N. C. Santos, E. Delgado Mena, G. Israelian, J. I. Gonzilez-Herndndez,
M. C. Gdlvez-Ortiz, M. Mayor, S. Udry, R. Rebolo, S. Sousa & S. Randich
(Invited Review)

Observations of Lithium in red giant stars. . .......... ... ... ... ... .. ..... 301
V. V. Smith (Invited Review)

Mass loss and luminosities of S and C AGB stars with and without Li ........ 311
R. Guandalini, S. Palmerini, M. Busso, E. Maiorca & S. Uttenthaler

Observations of light elements in massive stars............................ 317
A. Kaufer (Invited Review)

Lithium abundances in Bulge-like SMR stars .. ........ .. ... ... ... . ... ... 325

B. Barbuy, M. Trevisan, B. Gustafsson, K. Eriksson, M. Grenon
& L. Pompéia

Survey for Li-rich K giants .. ... ... . 327
Y. Bharat Kumar & B. E. Reddy

A 3D-NLTE study of the 670 nm solar lithium feature ..................... 329
E. Caffau, H.-G. Ludwig, M. Steffen & P. Bonifacio

Ultra-lithium-deficient halo stars .. ........ ... . . . . . .. 331
L. M. Elliott & S. G. Ryan

Li-rich giants in the Galactic Bulge. Is Li linked only to evolutionary status?. .. 333
0. A. Gonzalez

Interstellar Lithium as a probe of the primordial abundance................. 335
J. C. Howk

A very low upper limit for a Be abundance of a carbon-enhanced metal-poor star 337
H. Ito, W. Aoki, S. Honda, T. C. Beers €& N. Tominaga

Lithium abundances in the o Persei Cluster ... ............. ... ... ........ 339
S. V. Mallik, S. C. Balachandran € D. L. Lambert

Lithium in other Suns: no connection between stars and planets ............. 341
J. Meléndez, I. Ramirez, M. Asplund & P. Baumann

Li abundances and chromospheric activity of BY Dra type stars ............. 343
T. V. Mishenina, C. Soubiran, V. V. Kovtyukh € S. I. Belik

Lithium abundances in dwarfs of intermediate age open clusters ............. 345
G. Pace & J. Meléndez

HD 232 862: a magnetic and lithium-rich giant star........... ... ... ... ... 347
A. Palacios, A. Lébre, J. D. do Nascimento Jr, R. Konstantinova-Antova,
D. Kolev, M. Auriére, P. de Laverny & J. R. de Medeiros

https://doi.org/10.1017/51743921310003716 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921310003716

Contents ix

Beryllium abundances in metal-rich stars . ....... ... ... ... . ... ... ... ... 349
R. C. Peterson

New results of the spectral observations of CP stars .................... ... 351
N. S. Polosukhina, A. V. Shavrina, N. A. Drake, D. O. Kudryavtsev
& M. A. Smirnova

The metal-poor end of the Spite plateau: gravity sensitivity of the Ha wings fitting 355
L. Sbordone, P. Bonifacio, E. Caffau, H.-G. Ludwig, N. Behara,
J. I. Gonzalez-Hernandez, M. Steffen, R. Cayrel, B. Freytag, C. Van’t Veer,
P. Molaro, B. Plez, T. Sivarani, M. Spite, F. Spite, T. C. Beers,
N. Christlieb, P. Francois €& V. Hill

Beryllium abundances along the evolutionary sequence of the open cluster IC 4651 357
R. Smiljanic, L. Pasquini, C. Charbonnel & N. Lagarde

Using lithium to estimate ages for solar-type stars........... ... ... ... . ... 359
D. R. Soderblom

Lithium in metal-poor red giants .. ........ ... .. ... . . . . . 361
L. Zacs & A. Barzdis

Session IV. Sources and sinks of light elements
Chairs: Francesca Primas, David Lambert

Light elements as diagnostics on the structure and evolution of low-mass stars. . 365
S. Talon & C. Charbonnel (Invited Review)

Rotational mixing and Lithium depletion ........ ... ... .. ... ... ... ... 375
M. H. Pinsonneault

Effects of rotation and magnetic fields on the structure and surface abundances of
SOlAr-tyPe StarS . . ..t 381
P. Eggenberger, A. Maeder & G. Meynet

The light elements in a helio- asteroseismic perspective. .................... 387
S. Vauclair (Invited Review)

Lithium factories in the Galaxy: novae and AGB stars ..................... 395
F. D’Antona & P. Ventura (Invited Review)

Lithium production by thermohaline mixing in low-mass, low-metallicity asymp-
totic giant branch stars .. ... ... .. . L L 405
R. J. Stancliffe, G. C. Angelou & J. C. Lattanzio

Light elements in massive single and binary stars. ........... .. ... . ... .... 411
N. Langer, I. Brott, M. Cantiello, S. E. de Mink, R. G. Izzard & S.-C. Yoon

Boron depletion in 9 to 15 Mg stars with rotation................... ... ... 421
U. Frischknecht, R. Hirschi, G. Meynet, S. Ekstrom, C. Georgy,
T. Rauscher, C. Winteler € F.-K. Thielemann

Li survey in giant stars: probing non-standard stellar physics............. ... 423
N. Lagarde, C. Charbonnel, G. Jasniewicz, P. North, M. Shetrone,
S. Holleck, €& V.V. Smith

https://doi.org/10.1017/51743921310003716 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921310003716

X Contents

Li and CNO isotopes from magnetically induced extra-mixing in evolved stars. . 425
S. Palmerini, M. Busso, R. Guandalini & E. Maiorca

Lithium destruction induced by planetary accretion in solar-type stars........ 427
S. Théado, E. Bohuon & S. Vauclair

Session V. Evolution of the light elements in the Universe
Chairs: David Lambert, Corinne Charbonnel

Galactic evolution of D, 3He, and *He ... ......... ... ... 431
D. Romano (Invited Review)

Thermohaline mixing in stars: solving the long-standing 3He problem . ........ 441
C. Charbonnel & N. Lagarde

Theoretical stellar AY/AO in the early Universe.......................... 447
S. Ekstrom, G. Meynet, A. Maeder, C. Chiappini, C. Georgy, €& R. Hirschi

Galactic evolution of TLi . ... ...t 453

F. Matteucci (Invited Review)

Lithium, beryllium, and boron production in core-collapse supernovae ........ 463
K. Nakamura, T. Yoshida, T. Shigeyama € T. Kajino
The search for the origin of the light nuclei Li, Be, B. .. ................. ... 469

H. Reeves (Invited Review)

Origin of cosmic rays and evolution of spallogenic nuclides Li, Be and B. ... ... 473
N. Prantzos (Invited Review)

Beryllium abundances and the formation of the halo and the thick disk ....... 483
R. Smiljanic, L. Pasquini, P. Bonifacio, D. Galli, B. Barbuy, R. Gratton &
S. Randich

Discussion C: The stellar yields in He-3, He-4, Li-7: main sources, observational
constraints and problems. .. ... . .. L 489
André Maeder (Discussion Leader)

Discussion D: Observational problems with Li, Beand B ................... 493
P. E. Nissen (Discussion Leader)
Chemical evolution of D in the Local Disk ......... ... ... ... . ... ... ... 499

T. Tsujimoto & J. Bland-Hawthorn

Author Index . ..., 503

https://doi.org/10.1017/51743921310003716 Published online by Cambridge University Press


https://doi.org/10.1017/S1743921310003716

xi

Preface

The light elements (H, He, Li, Be, B and their isotopes) deserve special attention
because of their relationship with several important astrophysical domains: they provide
key clues for stellar and ISM structure and evolution, galaxy formation and evolution,
Big Bang nucleosynthesis and cosmology. They are one of the few bridges connecting
several different astrophysical communities.

The previous IAU Symposium on the light elements was held in 1999 (in Natal, Brasil,
IAU Symp. 198), and other, non-IAU supported, related meetings also took place about
a decade ago. Since then, there have been many significant developments both on the
observational and theoretical sides. Striking progress was achieved thanks to the accu-
rate determination of the baryon density of the Universe by recent cosmic microwave
background experiments. This allowed an unprecedented precision on the determination
of the yields of Standard Big Bang Nucleosynthesis and a different perspective in the
comparison with the D, 3He, *He and “Li abundances measured from observations of
low-metallicity environments.

In parallel, the advent of new generation ground and space based telescopes allowed
the observation of light elements in objects previously unreachable, with new intriguing
results on the present and past abundances of D, He (both *He and *He), Li and its
isotopic ratio, Be and B and their isotopic ratios. Thanks to multi-fiber instruments,
a wealth of data could be gathered in a consistent way which still await to be fully
understood and interpreted. Also, realistic 3D, time-dependent, hydrodynamical model
atmospheres strongly helped in providing more reliable abundance determinations.

On the theoretical side, we entered a golden age for the description of stellar interiors
and evolution thanks to improved treatments of stellar rotation, magnetic fields, internal
gravity waves, atomic diffusion, and thermohaline instability in new generation stellar
models. Most of these improvements were achieved thanks to constraints coming from
combined observations of light element abundances in various types of stars. Last but not
least, a wealth of independent consistent chemical evolution models able to fit the general
trends of the vast majority of Galaxy physical and chemical features were developed that
must be tested with respect to the evolution of light elements.

Despite all these achievements, we are far from understanding and reproducing in
detail all the light element patterns, their local, short term variations, as well as their
global evolution in the Universe. The complete understanding of the evolution of the light
elements in the Universe is a challenging task that requires the exchange of ideas and
the collaboration of astrophysicists with observational and theoretical expertise in stellar
hydrodynamics and evolution, Galactic and extra-galactic astronomy, and cosmology.

We felt that the route to this goal could be found only by gathering specialists in all
the different relevant fields in an TAU Symposium. The various TAU Commissions and
Divisions corresponding to these research fields have favourably received and endorsed
our request, thus making this conference possible. The Symposium brought together 118
participants from 23 countries around the world to discuss the achievements as well as the
problems concerning the light elements. We had 25 invited reviews, 53 oral contributions
and 35 posters distributed over five sessions.

Several important issues, still highly controversial, have been tackled during the meet-
ing thanks to the collective inputs from observers, stellar and galactic physicists, and
cosmologists. To let the participants have time to discuss at length the hottest topics
identified by the SOC, we also organized four discussion sessions: one on the dispersion
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of the observational D abundances, one on the problems affecting the derivation of *He
from HII regions, one on the problems affecting the derivation and interpretation of Li,
Be and B abundances, and one on the stellar yields of He, *He and "Li.

In addition to the scientific program, we enjoyed a public conference attended by more
than 600 people at the Geneva University. Four speakers (the astrophysicists H.Reeves
and J.Geiss, the physicist G.Laval, and the psychiatrist J.M.Aubry) presented to the
public different aspects related to “Deuterium, helium, lithium: From the Big Bang to
the contemporary civilisation”.

Finally, with a 25% of the Symposium speakers being women, we considered it ap-
propriate to organize a Women Networking Lunch, to let the participants from different
countries exchange their experiences. The event turned out to be quite successful and
we all enjoyed the opportunity to interact with other women astronomers coming from
different environments. In addition F.Primas, who is co-chairing the IAU Working Group
Women in Astronomy, gave a talk on Women Career Advancements for the PhD students
and postdocs at the Geneva University. We are grateful to her for having had the idea of
these activities, for her help in organizing them, and, most importantly, for always being
ready to take initiatives against gender and minority discriminations.

It is a great pleasure to thank the Geneva Observatory, the University of Geneva,
and the Museum of Natural History of Geneva for hospitality and support. We grate-
fully acknowledge the financial support of our sponsors, listed on the next page of these
Proceedings, and the active contribution of the members of the SOC and the LOC. We
are particularly grateful to Chantal Tacoy and Michel Grenon, who both did real mir-
acles for the logistic organization of the Symposium, and to Bob Rood who took most
of the pictures included in this volume. Finally, we warmly thank Cristina Chiappini
and Francesca Primas for having co-edited these proceedings and shared with us their
responsibility.

Corinne Charbonnel and Monica Tosi, co-chairs SOC,
Geneva, Bologna, February 4, 2010
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