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order to understand and model their physical processes. The main topics covered

are diverse, including: studies of the rotation of planets and satellites, including

their internal structures; the long term evolution of space debris and satellites;

planetary and satellite migration mechanisms; and the role of the Yarkovsky

effect on the evolution of the rotating small bodies. Intended for researchers

and advanced students studying complex planetary systems, IAU S310 appeals

to non-specialists interested in problems such as the habitability of exoplanets,

planetary migration in the early Solar System, or the determination of chaotic
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On the relativistic Lagrange-Laplace secular dynamics for extrasolar systems. . . 74

M. Sansottera, L. Grassi & A. Giorgilli

Orbital fitting of Fomalhaut b and subsequent interaction with the dust belt . . . 78

H. Beust, V. Faramaz & J.-C. Augereau

1/1 resonant periodic orbits in three dimensional planetary systems . . . . . . . . . . 82

K. I. Antoniadou, G. Voyatzis & H. Varvoglis

PlanetPack software tool for exoplanets detection: coming new features . . . . . . . 84

R. V. Baluev

Impact flux of asteroids and water transport to the habitable zone in binary star
systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

D. Bancelin, E. Pilat-Lohinger, S. Eggl & R. Dvorak

Eccentricity estimates in hierarchical triple systems . . . . . . . . . . . . . . . . . . . . . . . . 88

N. Georgakarakos & S. Eggl

Understanding the assembly of Kepler’s tightly-packed planetary systems. . . . . . 90

T. O. Hands, R. D. Alexander & W. Dehnen

Empirically Derived Dynamical Models for the 55 Cancri and GJ 876 Planetary
Systems . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 93

B. E. Nelson, E. B. Ford, J. T. Wright & D. A. Fischer

Modeling Trojan dynamics: diffusion mechanisms through resonances . . . . . . . . . 96
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Comparison of different methods to compute a preliminary orbit of Space Debris

using radar observations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 154

H. Ma & G. F. Gronchi

Orbit identification for large sets of data: preliminary results . . . . . . . . . . . . . . . . 156
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A. Brunini

Rapid planetesimal formation in the inner protoplanetary disk. . . . . . . . . . . . . . . 208
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Preface

The huge number of available observations (from ground and space) and their high
precision, as well as the computational power and speed of the present-day computers
have spectacularly changed the nature and the accuracy of the dynamical models, espe-
cially for planetary evolution studies. Indeed, any phenomenon, any planetary system,
and any n-body problem appears now much more complex than it was originally thought.
Consequently, it cannot be described by a simple dynamical model. To provide a com-
plete understanding of the global behavior of the real system, several levels of modeling
should be taken into account at the same time.

To unravel the complexity of such systems, to understand the underlying phenomena
and to build a model able to reproduce the observations in a realistic way, requires
collaboration and interdisciplinarity of scholars from very different fields.

Celestial mechanics has decisively evolved in that direction during the last decade.
Our symposium aimed to bring forward these efforts. Thanks to this highly complex
analysis, taking into account as many aspects as possible in the models, realistic results
are obtained, giving answers to several astronomical questions, especially but not only
in planetary sciences.

The results obtained and discussed at the symposium, with this perspective and level
of complexity and interdisciplinarity are numerous. Let us mention

• the concept of habitability of a planet, mixing biological and dynamical criteria,
• the studies of the rotation of planets and satellites, requiring data and models of

their internal structure and thus interactions with geologists and physicists,
• the understanding of the long term evolution of space debris and satellites, which

requires the introduction of drags, frictions or shadowing effects,
• the modeling of migration mechanisms, including the interaction between the planets

and the gas and planetesimal disk,
• the discovery of new mechanisms to explain the size, the location and the composition

of natural satellites,
• the cascade of resonances and sub resonances necessary to explain a specific obser-

vation,
• the role of the Yarkovsky thermal effect on the evolution of the rotating small bodies,
• the NEO chaotic orbit determination used in impact monitoring,
• the development of sophisticated symplectic integrators and of increasingly precise

tools for detection and measure of chaos.

All these results have shown the disappearing of the formal historical border between
analytical and numerical approaches.

This symposium focused on the main dynamical aspects of planetary science, pointing
in each topic to the recent results obtained thanks to the synergy of different disciplines,
and to the treatment of the problem in its full complexity.

The speakers (and especially the key speakers) were invited to show results of this
interdisciplinary approach, describing the complexity of the system and emphasizing the
outcomes of its new description. The SOC gave priority to talks and posters resulting
from collaborations between teams and disciplines. The meeting was a success, with 129
participants, coming from 30 different countries. The program was organized in 6 sessions:

• Session 1 : Introduction and motivation
• Session 2 : Rotation, N-Body and algorithms
• Session 3 : Exoplanets
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• Session 4 : Small bodies (asteroids and space debris)
• Session 5 : Solar System and natural satellites
• Session 6: Formation of planetary systems
The opening session was reserved for the welcoming messages, from the University,

from the research center naXys and from the organizers. The formal part was followed
by J. Laskar’s (IMCCE, Observatory of Paris) plenary talk on Chaotic diffusion in the

Solar System and the astronomical calibration of geological timescale. This topic was very
representative of the spirit of the symposium: it is not possible to solve a real astronomical
problem without considering its full complexity and interdisciplinarity.

The choice of the key speakers was especially successful; the SOC wanted to choose
the new generation of scientists, and they all answered with enthusiasm, giving excellent,
lively and interesting talks (35-40 minutes), well documented and at the top of the present
research in the field. T. Van Hoolst for the rotation, C. Beaug and A. Correia for the
exoplanets, A. Morbidelli and A. Crida for the Solar system, S. Jacobson and A. Rossi for
the small bodies and debris and S. Raymond for the formation of the planetary systems,
proved their expertise and communication skills.

The SOC selected 76 contributed talks of 18-20 minutes; the questions that followed
the talks were numerous and very interesting, giving suggestions for future work or com-
parisons. The majority of the presentations referred to very recent research, published
this year or even only submitted. The organization of the meeting, with two coffee breaks,
allowed to have discussions, give comments and rise questions just after the talks.

58 posters were exhibited during the whole week; the researchers had the possibility to
present their results during the related session, in the form one slide, one minute. The
exercise was interesting, very well used by most of them. Three special prizes were given
to the best posters: the first one for the master students (won by D. Skoulidou, from
Greece), the second one for the PhD students (won by G. Tsirvoulis from Greece) and
the third one for confirmed researchers (won by H. Jang-Condell from USA). The jury
was composed of D. Scheeres, D. Hestroffer and M. Yseboodt.

The symposium was held at the premises of the University of Namur, to which the
organizers owe a gratitude for the warm hospitality.

Last but not the least, we gratefully acknowledge the support of the sponsors listed on
page xxi which made this conference possible.

Anne Lemaitre, chair SOC,

Anne-Sophie Libert, chair LOC

Namur, October 10, 2014

www.cambridge.org/9781107078680
www.cambridge.org


Cambridge University Press & Assessment
978-1-107-07868-0 — Complex Planetary Systems (IAU S310)
Edited by Zoran Knežević , Anne Lemaître 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

xi

THE ORGANIZING COMMITTEE

Scientific

A. Lemaitre (Chair), Belgium C. Beaugé, Argentina
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J. Laskar, France A. Milani, Italy
A. Morbidelli, France D. Nesvorny, USA
D. Scheeres, USA K. Tsiganis, Greece

Local

A.S. Libert (Chair) D. Navarro Ortega
A. Lemaitre Ch. Lhotka
B. Noyelles A. Petit
M. Sansottera S. Sotiriadis
A. Vienne

Acknowledgements

The symposium is coordinated by the IAU Division I (Fundamental Astronomy),
and supported by Division III (Planetary System Sciences).

The Local Organizing Committee operated under the auspices of the
University of Namur.

Funding by the
International Astronomical Union,

Fonds National de la Recherche Scientifique,
Service Public de Wallonie,
Namur - Europe - Wallonie,

Namur Complex Systems Research Center,
and

University of Namur,
is gratefully acknowledged.

www.cambridge.org/9781107078680
www.cambridge.org


Cambridge University Press & Assessment
978-1-107-07868-0 — Complex Planetary Systems (IAU S310)
Edited by Zoran Knežević , Anne Lemaître 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

xii Conference photograph

CONFERENCE PHOTOGRAPH

www.cambridge.org/9781107078680
www.cambridge.org


Cambridge University Press & Assessment
978-1-107-07868-0 — Complex Planetary Systems (IAU S310)
Edited by Zoran Knežević , Anne Lemaître 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

xiii

Participants

Ram iro Alvarez , Universidad de Guana juato, M exico ram iro@astro .ugto.mx
Kyriak i Antoniadou , A ristotle University of Thessa lon ik i, G reece kyant@auth.gr
P ierre Auclair-Desrotour , IM CCE, Observatoire de Paris, France paucla ir-desrotour@ im cce.fr
Rose-M arie Baland , UCL / ORB, Belg ium balandrm ¡balandrm@oma.b e¿
Rom an Baluev , Pu lkovo Observatory, Saint Petersburg, Russia r.baluev@spbu.ru
David Bancelin , Institute for Astrophysics, University of V ienna, Austria david .bancelin@univ ie.ac.at
G iu lio Ba , University of P isa , Ita ly bagiugio@gmail.com
Cristian Beaug , Universidad Nacional de Cordoba Argentina b eauge@oac.uncor.edu
Herv Beust , IPAG , G renob le, France Herve.Beust@obs.u jf-grenob le.fr
Bertram Bitsch , University of Lund, Sweden b ert@astro .lu .se
Emeline Bolmont , LAB , Bordeaux, France em eline.b olm ont@obs.u -b ordeaux1.fr
Borislav Borisov , Shumen University, Shumen Bulgaria b .st.b orisov@abv.bg
Gwenal Bou , Universit P ierre et M arie Curie, Paris France b oue@ im cce.fr
Ram on Brasser , A cadem ia S in ica , Tawan brasser@gate.sin ica .edu .tw
T imoteo Carletti, University of Namur, Belg ium timoteo.carletti@unamur.b e
Daniel Casanova , University of Namur, Belg ium daniel.casanova@unamur.b e
Sebastien Charnoz , University Paris D iderot, France charnoz@cea.fr
Sourav Chatterjee , University of F lorida, USA chatterjee.sourav2010@gmail.com
Steve Chesley , Jet Propulsion Laboratory, USA steve.chesley@ jp l.nasa .gov
A lexandre Correia , University of Aveiro , Portugal correia@ua.pt
A lex is Coyette , UCL - ORB, Belg ium alex is.coyette@observatoire.b e
Aurlien Crida , Observatoire de la . C te d ’Azur, France crida@oca.eu
Frabrizio De M archi, University of P isa , Ita ly fabrizio .demarch i@ for.un ip i.it
Katherine Deck , M IT , USA kdeck@m it.edu
Vronique Dehant , Royal observatory of Belg ium , Belg ium v.dehant@om a.b e
Russell Deitrick , University of Wash ington USA deitrr@astro .wash ington .edu
F lorent Delefl ie , IM CCE/GRGS France F lorent.D elefl ie@ im cce.fr
Jean-Baptiste Delisle , IM CCE - Observatoire de Paris, France delisle@ im cce.fr
Sara Di Ruzza , SpaceDyS, P isa , Ita ly sarad iruzza@gmail.com
A lex Dias de O liveira , Observatrio Nacional R io de Janeiro , B razil o liveira .astro@gmail.com
Joanna Drazkowska , H eidelb erg University, G ermany drazkowska@uni-heidelb erg .de
Rudolf Dvorak , University of V ienna, Austria dvorak@astro .un iv ie.ac.at
Christos Efthym iopoulos , A cademy of Athens, G reece cefth im@academyofathens.gr
S iegfried Eggl, IM CCE - Observatoire de Paris, France siegfried .eggl@ im cce.fr
Vacheslav Emel’yanenko , Institute of A stronomy, RAS, M oscow , Russia vvem el@ inasan .ru
Davide Farnocchia , Jet Propulsion Laboratory, USA Davide.Farno cch ia@ jp l.nasa .gov
Kohei Fujimoto , Texas A&M University, USA kfu jim ot@ tamu.edu
M attia Galiazzo , University of V ienna, Austria mattia .galiazzo@univ ie.ac.at
N ikolaos Georgakarakos , University of Central M acedonia , G reece georgakarakos@hotmail.com
Anton io Giorgilli, Universita degli Stud i d i M ilano, Ita ly anton io .g iorg illi@unim i.it
Ioannis Gkolias , University of Rome ”Tor Vergata” , Ita ly gkolias@mat.un iroma2.it
M ikael Granvik , University of Helsink i & Finnish Geodetic Institute, F in land mgranvik@ ik i.fi
Octavio M iguel Guilera , Instituto de Astrofsica de La P lata, A rgentina ogu ilera@ fcaglp .un lp .edu .ar
Rustam Guliyev , Shamakhy Astrophysica l Observatory Turkey rustamdb@gmail.com
Nader Haghighipour , University of Hawaii, USA nader@ ifa .hawaii.edu
Tom Hands , University of Leicester, United K ingdom tom .hands@ le.ac.uk
Daniel Hestroffer , IM CCE - Observatoire de Paris, France hestro@ im cce.fr
Subhon Ibadov , Institute of A strophysics, Academy of Sciences, Ta jik istan ibadovsu@yandex.ru
Tamara Ivanova , Institute of app lied astronomy of Academy of Sciences, Russia itv@ ipa.nw .ru
Anatoliy Ivantsov , ASRI-Technion , Isra l ivantsov@ im cce.fr
Seth Jacobson , Observatoire de la C te d ’Azur, France seth .jacobson@oca.eu
Hannah Jang-Condell, University of W yom ing, USA hjangcon@uwyo.edu
Zoran Knezevic , A stronom ical Observatory of Belgrade, Serb ia zoran@aob.rs
A lexey M . Koksin , Tom sk State University, Russia shefer@niipmm .tsu .ru
E iich iro Kokubo , National A stronom ical Observatory of Japan , Tokyo, Japan kokubo@ th.nao.ac.jp
Tamas Kovacs , Observatory of Budap est, Hungary tkovacs@konkoly.hu
Irina Kovalenko , IM CCE - Observatoire de Paris ,France ikovalenko@ im cce.fr
Katherine Kretke , Southwest Research Insitute, USA kretke@boulder.sw ri.edu
Eduard Kuznetsov , U ral Federal University, Russia eduard .kuznetsov@urfu .ru
Jacques Laskar , IM CCE - Observatoire de Paris, France laskar@ im cce.fr
M an Hoi Lee , The University of Hong Kong, Hong-Kong mhlee@hku.hk
Adrien Leleu , IM CCE - Observatoire de Paris, France leleu .adrien@gmail.com
Anne Lemaitre , University of Namur, Belg ium anne.lemaitre@unamur.b e
Christoph Lhotka , University of V ienna, Austria christoph .lhotka@univ ie.ac.at
Jian Li, Nanjing University, China ljian@nju .edu .cn
Anne-Sophie Lib ert , University of Namur, Belg ium anne-sophie.lib ert@unamur.b e
Helene M a , University of P isa , Ita ly helenema@mail.dm .un ip i.it
Thomas I. M aindl, University of V ienna, Austria thomas.maind l@univ ie.ac.at

www.cambridge.org/9781107078680
www.cambridge.org


Cambridge University Press & Assessment
978-1-107-07868-0 — Complex Planetary Systems (IAU S310)
Edited by Zoran Knežević , Anne Lemaître 
Frontmatter
More Information

www.cambridge.org© in this web service Cambridge University Press & Assessment

xiv Participants

Christian M archal, ONERA, France clbmarchal@wanadoo.fr
Jean-Luc M argot , University of Californ ia , Los Angeles, USA jlm@astro .ucla .edu
Stefano M ar , University of P isa , Ita ly maro@mail.dm .unip i.it
Andrea M ilani, D epartm ent of M athematics, University of P isa , Ita ly m ilan i@dm .unip i.it
Helena M orais , University of Aveiro , Portugal helena.morais@gmail.com
A lessandro M orbidelli, Observatoire de la C te d ’Azur, France morby@oca.eu
M agda M uraw iecka , Adam M ickiew icz University, Poland magda.muraw iecka@gmail.com
A lexander M ustill, Lund Observatory, Sweden alex@astro .lu .se
Juan F . Navarro , University of A licante, Spain jf.navarro@ua.es
Benjam in Nelson , Pennsylvan ia State University, USA benelson@psu .edu
Vasily Nikonov , Lomonosov M oscow State University, Russia n ikon v@ list.ru
Bo jan Novakovic , University of Belgrade, Serb ia b o jan@matf.bg.ac.rs
Benot Noyelles , University of Namur, Belg ium benoit.noyelles@unamur.b e
Rocio Isab el Paez , University of Rome ”Tor Vergata”, Ita ly paez@axp.mat.un iroma2.it
A lex is Petit , University of Namur, Belg ium alex is.p etit@unamur.b e
C ristobal Petrovich , P rinceton University, USA cp etrovi@princeton .edu
Arnaud Pierens , Observatoire de Paris, France arnaud.p ierens@obs.u -b ordeaux1.fr
E lke Pilat-Lohinger , University of G raz, Austria elke.p ilat-loh inger@univ ie.ac.at
Eva Plvalov , A stronom ical Institute Academy of Sciences, S lovak Republic p lavala@ slovanet.sk
E lena Popova , Pu lkovo Observatory, Saint Petersburg, Russia m02p ea@gmail.com
A lexandre Pousse , IM CCE - Observatoire de Paris, France ap ousse@ im cce.fr
B illy Quarles , NASA Ames Research Center, USA billy.l.quarles@nasa.gov
V iktor Radovic , D epartm ent of A stronomy, Belgrade, Serb ia rv iktor@matf.bg.ac.rs
Darin Ragozzine , F lorida Institute of Technology USA dragozzine@fi t.edu
N icolas Rambaux , Observatoire de Paris, France N icolas.Rambaux@ im cce.fr
Sean Raymond , Lab oratoire d ’A strophysique de Bordeaux, France rayray.sean@gmail.com
Francoise Remus , Observatoire de Paris, France francoise.remus@obspm .fr
Davide Ricci, Instituto de Astronom ia of M exico, M exico indy@astrosen .unam .mx
Andy Richard , IM CCE - Observatoire de Paris, France arichard@ im cce.fr
Philipp e Robutel, IM CCE - Observatoire de Paris, France robutel@ im cce.fr
M ara Paula Ronco , Instituto de Astrofsica de La P lata, A rgentina mpronco@ fcaglp .un lp .edu .ar
A lexey Rosaev , NPC NEDRA, Jaroslav l, Russia hegem@mail.ru
Aaron Rosengren , IFAC - CNR, Ita ly a.rosengren@ ifac.cnr.it
A lessandro Rossi, IFAC - CNR, Ita ly a.rossi@ ifac.cnr.it
Galina Ryabova , Tom sk State University, Russia rgo@ rambler.ru
Tatiana Salnikova , Lomonocov M oscow State University, Russia tatiana.sa ln ikova@gmail.com
M arco Sansottera , Universit degli Stud i d i M ilano, Ita ly marco.sansottera@unim i.it
Daniel Scheeres , University of Colorado, USA scheeres@ colorado.edu
G iu lia Schettino , University of P isa , Ita ly giu lia .schettino@gmail.com
Daniele Serra , University of P isa , Ita ly dserra@mail.dm .unip i.it
Natalia Shakht , Pu lkovo Observatory, Saint Petersburg, Russia shakht@gao.spb .ru
Takash i Shibata , University of Tokyo, Japan sh ibata.takash i@nao.ac.jp
Bruno Sicardy , Observatoire de Paris, France Bruno.S icardy@obspm .fr
Desp oina Skoulidou , A ristotle University of Thessa lon ik i, G reece dskou lid@physics.auth .gr
Valeriy Snytnikov , Novosib irsk State University Russia snyt@catalysis.ru
Sotiris Sotiriadis , University of Namur, Belg ium sotiris.sotiriad is@unamur.b e
Federica Spoto , University of P isa , Ita ly sp oto@mail.dm .un ip i.it
Bonnie Steves , G lasgow Caledon ian University, United K ingdom B.Steves@gcu .ac.uk
O lga Stoyanovskaya , Novosib irsk State University, Russia o.p .sk lyar@gmail.com
W inston Sweatman , M assey University, New Zeland w .sweatman@massey.ac.nz
Georgios Tsirvoulis , A stronom ical Observatory of Belgrade, Serb ia gtsirvou lis@aob.rs
T imothe Vaillant , IM CCE - Observatoire de Paris, France tim othee.vaillant@ens-lyon .fr
G iovanni Valsecchi, IAPS-INAF, Ita ly giovanni@ iaps.inaf.it
T im Van Hoolst , Royal Observatory of Belg ium , Belg ium tim .vanhoolst@oma.b e
Stefaan Van wal, University of Colorado at Boulder, USA stefaanvanwal@msn.com
D im itri Veras , University of Warw ick , United K ingdom d.veras@warw ick.ac.uk
Rob erto Vieira-M artins , Observatorio Nacional, R io de Janeiro , B razil rvm@on.br
A lain Vienne , IM CCE - L ille1 , France ala in .v ienne@univ-lille1 .fr
Tamara Vinogradova , Institute of Applied Astronomy, Saint Petersburg, Russia vta@ ipa.nw .ru
M arie Yseboodt , Royal Observatory of Belg ium , Belg ium m .yseb oodt@oma.b e
L i-Yong Zhou , A stronomy Departm ent, Nanjing University, China zhouly@nju .edu .cn

www.cambridge.org/9781107078680
www.cambridge.org

