Protecting the Earth against Collisions
with Asteroids and Comet Nuclei

Andrey M. Finkelstein (Russia)
Walter F. Huebner (USA)

Viktor A. Shor (Russia)
Editors

Proceedings of the International Conference
“Asteroid-Comet Hazard-2009”

Saint Petersburg
“Nauka”
2010



VJIK 521
BBK 22.655
340

3ammTa 3eMaIM OT CTOJKHOBEHHIl ¢ acTepoMaaMH M KOMETHBLIMM siaApamu //
Tpyasl MexkayHapoaHoii KOH(pepeHUHMH «ACTepONAHO-KOMeTHasi omac-
HocTh-2009» / mox pen. A. @unkensinreiiHa, Y. Xwobuepa, B. [llopa. — CII6.:
Hayka, 2010. — 427 c.

ISBN 978-5-02-025514-2

B cOopHuke mpencTaBieHbl MaTepuantbl MeXIyHaApOAHOW KOH(EPEHIUH Mo
npo0ieMe acTepouIHO-KOMETHON ONacHOCTH, npoxoauBiieil ¢ 21 no 25 ceHTsOps
2009 r. B HMHctutyTe mnpukiIagHOM acTpoHoMuM Poccuiickod akageMuu Hayk
B Cankr-IlerepOypre. Ha kondepeHunu obcyxaancs MUPOKHHA KPyT MpobieM, CBsi-
3aHHBIX C MPOHMCXOXKAECHHEM M (HU3MUYECKHMH CBOiicTBaMK Maublx Ten CoiHedHoH
CHCTEMBI, CIIOCOOHBIX CTaJIKHMBaThcs C 3eMiled, OOHapy>KeHHEM M CIIeKEHHEM 3a
MOTOOHBIMU TEJIAMH, Pa3PyIIUTECIHHBIME MOCICICTBUSIME UX CTOJIKHOBCHHU C TUIA-
HETaMHU U UX cnyTHuKamu. Oco0oe BHIMaHHE B MPEACTABICHHBIX Ha KOH(EPEHINN
paboTax ymemsuioch TUHAMHKE CONMIDKEHHS Tel ¢ 3eMIIel, PEeIBBIYHUCICHUIO OTac-
HBIX CONVDKEHUI M OpTaHM3alliH 3allUThl 3eMJIM OT CTOJKHOBEHHH C JTOCTaTOYHO
KPYTTHBIMU HEOECHBIMH TEJIaMH.

COOpHHK pacCuMTaH Ha CHENHAINCTOB B 00JacTH m3ydeHUs maibix ten Con-
HEYHOH CHCTEMBI U OPraHU3aLMH 3AIUTHl 3EMJIM OT KaTacTPO(UUECKUX CTOJIKHOBE-
HU# ¢ HeOCCHBIMU TEJIaAMHU.

“Protecting the Earth against collisions with asteroids and comet nuclei”. Pro-
ceedings of the International Conference “Asteroid-Comet Hazard-2009”.
A. Finkelstein, W. Huebner, V. Shor (Eds).

The volume contains the proceedings of the International Conference “Astero-
id-Comet Hazard-2009” held in St. Petersburg, Russia, September 21-25, 2009. The
conference was held in the Institute of Applied Astronomy of the Russian Academy
of Sciences. The subjects of considerable discussion at the conference were the ori-
gin and physical nature of minor bodies of the Solar System that can collide with the
Earth, detection and follow-up of such bodies and the devastating consequences of
their collisions with planets and satellites. Special attention was paid to the dynam-
ics of Earth approach of these bodies, predictions of dangerous collisions, and or-
ganization for protecting the Earth from collisions with dangerously large bodies
(larger than about 25 m in diameter).

Papers presented in the Proceedings are of considerable interest for the Solar
System science community and for all who are involved in study of small objects of
the Solar System and in protecting the Earth against catastrophic collisions with ce-
lestial bodies.

ISBN 978-5-02-025514-2 © HnctutyT npukiagHoi actponomuu PAH, 2010
© UznatensctBo «Haykay, 2010



Contents

Program and Local COMMILEES ........cecvrrueirieeriieiieiieciiesie e Vil
Welcome speech by A. M. Finkelstein ..........cccocevvevviieecieeniiieeiieeie e X
Preface ..o e XII
Part 1. SMALL BODIES OF THE SOLAR SYSTEM .........ccccoevvevennnn. 1
A. M. Finkelstein, Yu. D. Medvedev, V. A. Shor. Our View of Objects of

ACH-2000.......0ceeeietieeeee e 2
G. V. Pechernikova, A. V. Vityazev. Origin of the Small Solar System

BOGIS ..ottt ettt e 9
D. F. Lupishko, Zh. A. Pozhalova. Physical Properties and Internal

Structure of Near-Earth Objects .........cccceeviiriiiiiiiiieiieeeeseee e 19

E. M. Drobyshevski. Electrolysis of Ices as a Key to Understanding of
the Minor Bodies” NAtUIE .......cceevvieriierieiieeieeriereereesreesreesreesreesenesnesene e 29

F. A. Novikov, V. A. Shor, T. G. Vega, O. M. Kochetova, Yu. D. Med-
vedev, I. N. Netsvetaev, G. A. Netsvetaeva, U. N. Tihonova, N. B. Zhe-
leznov. AMPLE 3 — Multi-purpose Software Package for Asteroids
ANA COMIELS ...ovviiiiiiiie et eere e e e e e eeae e e e eeareeeeetreeeeeareeeeenaneeas 32

E. Yu. Aleshkina, V. V. Kouprianov, A.V. Devyatkin, I A. Verestcha-
gina, V. Slesarenko. Analysis of Observations of Earth Impact Object

2008 TIC3 .ottt et 37
V. V. Busarev, V. V. Prokofjeva-Mikhajlovskaya, A. N. Rublevsky. Spots
on Asteroids as Evidence of ColliSions .........ccccceeveevienereeneneneeniencneennens 43

Yu. A. Chernetenko, A. V. Ivantsov. Masses of Asteroids 10 Hygiea and

152 Atala Obtained by the Dynamical Method ...........ccccoceiiiiinininene. 46
N. M. Gaftonyuk, Yu. N. Krugly, 1. E. Molotov. Results of Photometric
Observations of Potentially Hazardous Asteroids ..........ccccceeevveeecieeeniveennnen. 49
P. Kankiewicz, I. Wlodarczyk. Possible Origin of Asteroids on
Retrograde OTDILs......c..eeveriirierieniirieiesieeee ettt 52
K. V. Kholshevnikov. Estimates for the Set-theoretic Distance between
Orbits of Celestial BOIES .......ccueeierieriieieieeiieiesiee e 55

Yu. N. Krugly, N. M. Gaftonyuk, J. Durech, D. Vokrouhlicky, M. Kaa-
salainen, V. G. Shevchenko, M. A. Ibrahimov, A. L. Marshalkina,
V. V. Rumyantsev, I. E. Molotov, Z. Donchev, V. Ivanova, A.V. Ser-

III



geyev, N. Tungalag. Detection of the YORP Effect from Photometric

Observations of Near-Earth Asteroids ........cccceveeviiniiniiiieiiiereeeeeee 58
N. N. Gorkavyi,  A. N. Rublevsky, V. V. Prokofjeva-Mihajlovskaya.
The Sizes of Impact Craters and Ejecta Spots on Asteroids...........c.cceuee.e. 62

V. A. Shefer. Method for High-accuracy Determinations of Orbits of
Small Bodies from Three ObServations...........ccccveeeeeveeveerreesreesreeseeseenenens 65

V. A. Shefer. Determination of an Intermediate Perturbed Orbit from

Range and Range Rate Measurements at Three Time Instances .................. 70
M. D. Zamarashkina. Improving the Orbital Parameters of Phobos and

Deimos by Using the Universal Programming Complex ERA.................... 75
E. I Yagudina. Databases for Observations and Orbit Elements for

Asteroids and Comets in ERA SyStem ........ccceeveviieciiienieeiieeie e 79
Part 2. OBSERVATION AND DETECTION OF NEOS ....................... 83
A. L. Garcia. Automatic Detection of NEOs in CCD Frames...................... 84
A. A. Golubov, Yu. N. Krugly. YORP: Influence on Rotation Rate.............. 90

Yu. V. Batrakov, V. V. Prokofjeva-Mikhajlovskaya, L. G. Karachkina.
The Small Libration of the Satellite in the System of the Asteroid
39 LACTIEIA ..ottt ettt st sttt et s 95

A. F. Zausaev, A. A. Zausaev, V. V. Abramov, S. S. Denisov. Database
Development for Solar System Small Bodies’ Orbital Evolution Based
on Modern Mathematical Models and MethodsS ............ueveveeeeeveveeeeeneeeiannnns 102

A. A. Berezhnoy.  Analysis of the  Systematic  Errors  of
CCD-observations of Asteroids Performed in 2007-2008 ............ccoeuneee... 107

M. S. Chubey, L. I. Yagudin, V. N. L'vov, S. D. Tsekmejster, V. V. Koup-
rianov, G. I. Eroshkin, E. A. Smirnov, A. V. Petrov. Solving of the ACH
Problem in the Project “Interplanetary Solar Stereoscopic Observatory” ... 110

M. Kocer, M. Honkova, J. Ticha, M. Tichy. KLENOT Project —

Contribution to Follow-up Astrometry of PHAs and Vls...........ccccoeeuee.s 115
Part 3. COMETS: PHYSICAL NATURE AND MOTION................... 119
V. V. Emel’yanenko. Short-Period Comets: Origin and Terrestrial
Impact HAazard............occuvieciiiiiiece ettt 120
Yu. S. Bondarenko, Yu. D. Medvedev. Method of Calculating Cometary
OIDIES ettt ettt ettt et et b e st e eneean 129

IV



M. D. Zamarashkina, O. F. Ogneva. Nongravitational Effects on
Cometary Motion due to JUPItET .........ccecveeeviieiiieeie ettt 134

M. G. Ishmukhametova, E. D. Kondrat’eva, V. S. Usanin. Variation of
Nongravitational Parameters for Comet Encke as a Result of its Decay.... 139

N. I Perov, D.V. Kolesnikov. On the Problem of Searching for
Undiscovered Cometary Families Colliding with Terrestrial Type

PLANCES ...ttt 146
Yu. S. Bondarenko. Electronic Catalogue of Comets “Halley™ .................. 152
O. G. Gladysheva. From the Tunguska Space Body to the Evolution of

the Protoplanetary Nebula ...........cccoevveriierienieniiniesieee e 157
Part 4. METEOR COMPLEXES. TUNGUSKA .........ccccoooiiiiiie 163

N. V. Kulikova, V. I Tischenko. Origin and Dynamic Evolution of
Meteor Complexes in the Problem of Asteroid-Comet Hazard.................. 164

E. N. Tikhomirova. Meteor Streams: the Relation to Hazardous Celestial
BOGIES ... aaaa e aaaaan————————————————————_ 168

M. I Gritsevich. Modern Dynamic Methods of Determination of
Parameters of Meteor Bodies...........ceeveeiierienienieeic e 174

G. A. Nikolsky, Yu. D. Medvedev, E. O. Schultz. The Tunguska
Catastrophe is the Consequence of a Series of Explosions of Comet
Nucleus Fragments ........ccccoovieeiiiiiieiieiesiesie ettt 179

O. G. Gladysheva. Atmospheric Discharge in the Tunguska Disaster ....... 184

T. Yu. Galushina, E. M. Drobyshevski, M. E. Drobyshevski.
In Searching for Comet P/Tunguska—1908...........cccocveviercrincienieieerieeene 189

V. A. Alekseev, N. G. Alekseeva, I. G. Golovnev, S. Yu. Zheltov,
A. I. Morgachev, FE. Ya. Fal'kov. Likely Impact Sites of Large
Fragments of the Tunguska Cosmic Body........cccceccevirienininiienininieene 196

Part 5. DEVASTATING CONSEQUENCES OF IMPACTS.
STUDY OF TRACES OF PAST COLLISIONS.........cccccovivininienen. 199

V. V. Svetsov. Consequences of Impacts of Cosmic Objects in
Circumstances of Changing Climate ............cceevvreecieienieeniee e ceree e 200

An. G. Marchuk, K. V. Simonov, S. A. Peretokin. Detection of Possible
Impact Structures at the Bottom of the Ocean by Gravimetric and
Magnetometric Data Processing .........ccccceeeveiiriieriieiiieecieecieeeevee e 206



V. L. Masaitis. Prospective Zones of Damage Caused by the Popigai
IMPACt EVENL ..ottt 211

N. A. Makhutov, Yu. G. Matvienko, M. A. Bubnov. Hydrocode Modeling
of a High-velocity Impact of an Asteroid Particle on a Steel Surface......... 216

L. A. Egorova, V. V. Lokhin. Destruction Models for Bodies Entering
a Planetary AtMOSPIETE......c.ccvvievvieiiiiiieieeie ettt esee e sereere e esre e reeseee s 222

V. K. Gusiakov, Z. A. Lyapidevskaya. Expert Database on the Earth
IMPACt SIIUCLUTES .....eeeiiiiiiiiieiieeeee ettt st 228

V. A. Alekseev, V. V. Kopeikin, N. G. Alekseeva, L. Pelekhan. Georadar
and Hydrogen Studies of the Tunguska Meteorite Craters..........c.ccceueuneee 233

E. V. Pitjeva. Influence of Asteroids and Trans-Neptunian Objects on
the Motion of Major Planets and Masses of the Asteroid Main Belt and

the TNO RINE ..veovviiiiieiiecie ettt st sere e esveebeesbaeseaesenas 237
Part 6. DYNAMICS OF NEOS. COLLISION PREDICTIONS .......... 243
D. K. Yeomans, S.R. Chesley, P.W. Chodas. NASA’s Near-Earth
Object Program OffiCe........cccevvviriiiiieiieeiiesie et 244
L. K. Kristensen. Demands on Observation Campaigns for Accurate
PrediCtions ...coveeieeeeieeie e 255
Yu. D. Medvedev, A. S. Zabotin. Determination of Orbits and Dispersion
Ellipsoids of Asteroids Potentially Hazardous for the Earth ..................... 262
P. Kankiewicz, I . Wiodarczyk. The Orbital Evolution of 2007 VASS5,
an Amor-type Asteroid on a Retrograde Orbit. ..........ccceevvvevvevierienneennen, 268

V. A. Shor, Yu. A. Chernetenko, O. M. Kochetova. How Precise is the
Orbit of (99942) Apophis and how Probable is its Collision with the

Earth in 20307 ...t 272
L. L. Sokolov, N. P. Pitjev, V. Sh. Shaidulin. About Zones of Resonant

Returns of Asteroid APOPRIS .......c.eevveeriierieniriieeie et 279
1. Wiodarczyk. Methods of Computing Impact Orbits..........ccccccveeeeveeennenn. 284
Yu. A. Chernetenko. The Yarkovsky Effect in the Motion of NEAs........... 289
J. Desmars, J.-E. Arlot, A. Vienne. Estimating the Accuracy of Asteroid

Ephemerides Using the Bootstrap Method ...........cccceeviiiiiiiiniiiciiecieens 294
1. Wiodarczyk. Paths of Risk of Selected Dangerous Asteroids.................. 299
1. Witodarczyk. Impact Solutions for Asteroid (101955) 1999RQs............ 302

VI



N. B. Zheleznov. The Study of the Probability of an Asteroid Collision

with a Planet by Monte Carlo Method...........cceovviieiiiiiiiiiieeiccee e, 305
Part 7. INVESTIGATION OF NEOS IN SITU. COUNTERACTI-
ON TO THE NEO HAZARD .......oooiiiiiieeeee e 311
A. W. Harris. Estimating the NEO Population and Impact Risk: Past,
Present and FULUIE ........ccooieiiiiiiiiie e 312
M. F. A’Hearn. Deep Impact and Deflection of NEOSs .........cccccevcevrirnnnnne 327

W. F. Huebner, D. C. Boice, P. Bradley, S. Chocron, R. Clement,
A. Ghosh, P.T. Giguere, R. Goldstein, J. A. Guzik, L. N. Johnson,
J. J. Keady, J. Mukherjee,  W. Patrick,  C. Plesko, M. Tapley,
J. D. Walker, R. P. Weaver, K. Wohletz. The Engagement Space for
Countermeasures Against Potentially Hazardous Objects (PHOs)............. 337

C. Maccone. Description of a NASA Study to Deflect Hazardous
ASEETOIAS ...ttt sttt sttt s en 347

A. V. Zaitsev, A. Koroteev, B. Liaschuk, S. Popov. The Level of Rapid
Response Reaction of the Planetary Defense System............ccocveevvenennen. 362

V. A. Emelyanov, Yu. K. Merkushev. Design Parameters and Efficiency
of a Space System for Warning about Small Celestial Bodies
Approaching the Earth along Collision Trajectories ........c..cccceverreerennennee. 369

N. A. Makhutov, V. A. Puchkov, D. Reznikov, A. Taranov, A. V. Zaitsev.
About Measures on Minimization of Damage from Collisions with

Asteroids and NUCIEl OFf COMELS .....vvvveeiieeeeeiiieeeee et eeeeeeeeeeeeeeeeens 376
Z. M. Ilitz. Rotational Mass Driver — an Efficient NEO Deflection
COMCEPE c.vtieerieeiiieetteeiteeetee ettt e s beeetaeeseseeeaseessseeessseesssesesssesssseesnseeessseeanes 381
J. J. Smulsky, Ya. J. Smulsky. Evolution of Apophis Orbit for 1000 Years
and New SPace Targets.......ccceecvereerieriirriieerieereeseeseesresreeseeseesseesseensnens 390

A. V. Zaitsev, A. A. Klapovsky. On the Approach to Form Internati-
onal-Legal Foundations to Ensure Planetary Defense...........cccccoeveeenenns 396

B. I. Semyonov, S. N. Torgovkin, V. V. Treckin, A. V. Zaitsev. About the
Interaction of the “Citadel” Planetary Defense System with the Missi-
le-Space Defense SYSIEMS ....ccviieiiieriieeiieerieeriee e eereeereeeere e veeeeae e 402

The Resolution of the ACH-2009 Conference..........coeeeeeeeveeevveeeeeeeeeeeeennnns 407



INTERNATIONAL CONFERENCE
“Asteroid-Comet Hazard-2009”
September 21-25, 2009,

St. Petersburg, Russia

Finkelstein A. M.
(Chairman)

Shor V. A.
(Vice-chairman)
Medvedev Yu. D.

(Scientific secretary)

Adushkin V. V.
AkimE. L.

Emelyanov V. A.

Fortov V. E.
Harris A.
Lupishko D. F.

Marov M. Ya.

Marsden B. G.
Milani A.
Muinonen K.
Pittich E.

Pol’ V. G.

Rickman H.
Rykhlova L. V.
Shustov B. M.
Simonenko V. A.

Sukhanov K. G.

Program committee
Institute of Applied Astronomy of RAS, Russia
Institute of Applied Astronomy of RAS, Russia
Institute of Applied Astronomy of RAS, Russia

Institute of Geosphere Dynamics of RAS, Russia

Keldysh Institute of Applied Mathematics of RAS,
Russia

Central Scientific-Research Institute for Mechanical
Engineering of Federal Space Agency, Russia

Institute for High Energy Densities of RAS, Russia
Space Science Institute, USA

Astronomical Institute of V. N. Karazin Kharkiv
National University, Ukraine

Keldysh Institute of Applied Mathematics of RAS,
Russia

Minor Planet Center, USA

University of Piza, Italy

University of Helsinki, Finland

Slovak Academy of Sciences, Slovakia

S. A. Lavochkin Scientific-Production Association,
Russia

Uppsala University, Sweden
Institute of Astronomy of RAS, Russia
Institute of Astronomy of RAS, Russia

Russian Federal Nuclear Center — E. 1. Zababakhin
Research Institute of Technical Physics, Russia

S. A. Lavochkin Scientific-Production Association,
Russia

VIII



Yatskiv Ya. S. Main Astronomical Observatory of National Academy
of Sciences of Ukraine, Ukraine

Yeomans D. K. NASA Near Earth Object Program Office, USA
Zajtsev A. V. Non-profitable Partnership “Planetary Defense Cen-
ter”, Russia

Local organizing committee

Medvedev Yu. D. — Chairman
Chernetenko Yu. A. - Vice-chairman
Shuygina N. V. — Secretary

Bondarenko Yu. S.
Lysenkov E. A.
Sal’nikov A. 1.
Valyaev V. L.
Zabotin A. S.



Welcome Speech by A. M. Finkelstein,
Director of the Institute of Applied Astronomy

Dear colleagues and friends!

I am happy to welcome you in Saint Pe-
tersburg to our conference “Asteroid-Comet
Hazard-2009”. More than 150 participants
from 18 countries and from 135 different insti-
tutions will take part in the Conference, and
they will present about 140 reports.

So large an attendance at the Conference
shows that the problem of asteroid-comet ha-
zard is a really vital and challenging scientific
problem.

I would like to note that this Conference
brings together specialists from many different
fields of science, such as astronomers and phy-
sicists, geophysicists and geologists, engineers
and designers, lawyers and even mass media. It shows how complex the
problem of the asteroid-comet hazard is. One of the goals of this meeting is
to strengthen cooperation and to build stable bridges between the specialists of
different “colors” for better understanding and for improvement of studies.

It is well known that during four and half billions years the Earth was
repeatedly exposed to collisions with asteroids, comet nuclei, and large
meteoroids. The impacts of such cosmic bodies shaped the surface of the
Earth and later created the conditions for the beginning and the evolution of
life on our planet. These space phenomena caused global climatic changes,
changes of flora and fauna, loss of thousands of living species and appear-
ance of thousand of new ones including the mammalians and as a conse-
quence man. A lot of interesting physical processes were connected with
these phenomena and they attract the attention of many scientists.

One of the most practical questions of the asteroid-comet hazard prob-
lem is the question of how serious the risk of a collision of the Earth with an
asteroid or a comet nucleus is, and what can be the consequences of this col-
lision. This question concerns not only the specialists, but also the general
public.

Our Conference should give answers to these questions and I hope that
we will be able to summarize the most important answers for the mass media
during a press-conference on Wednesday.

This Conference is held here in Russia, in the Institute of Applied As-
tronomy, which has worked for many years on the dynamics of small bodies
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of the Solar System. In particular, you probably know, that the IAA publish-
es annually by order of the International Astronomical Union “Ephemerides
of Minor Planets”, which is distributed to different world astronomical insti-
tutions. Recently we started to use the VLBI-Network “Quasar” for observa-
tions of asteroids approaching the Earth. I hope that some of you will visit on
Thursday the radio astronomical observatory “Svetloe”, one of three obser-
vatories of the VLBI-Network “Quasar” which is situated in Leningrad
Province, relatively near here.

This screen demonstrates all three “Quasar” observatories in on-line
mode via optical fiber lines. They are situated in Leningrad Province, in the
North Caucasus and near Baikal Lake in Siberia.

I hope that in 2011-2012, in accordance with our plans, we will put into
service the large radar using the 70-meter radio telescope located in the Far
East of Russia, which we are planning to use with the same aims.

I would like to mention that in Russia, the Russian Space Agency, the
Russian Academy of Sciences, and some other governmental departments
work together on the creation of various technical facilities for the observa-
tion of and development of countermeasures against asteroids and comets
approaching the Earth. It is obvious that in order to design and to construct
such facilities it is necessary to solve many complicated scientific and engi-
neering problems, as well as, to coordinate a number of delicate juridical
questions. It is clear that most of these problems can be solved as a whole
only in the framework of international cooperation, using international re-
sources.

We hope that our Conference will be the stimulus for the solution of all
these questions.

The success of our Conference depends on the contributions of all par-
ticipants.

Highly interesting and important contributions will be provided by oral
and poster presentations and during discussions. As chairman of the Program
Committee I would like to thank all the speakers and all the authors for
preparation of their excellent presentations.

I would like also to express my thanks to members of the Program
Committee who have set up a very interesting program.

Papers will be printed shortly after the Conference in Proceedings.
Thanks to all — let us keep up the momentum and prepare our papers for the
Proceedings in time.

I wish all participants to enjoy the Conference, useful meetings as well
as a pleasant stay in our remarkable city.

Thank you!



Preface

The International Conference “Asteroid-Comet Hazard-2009
(ACH-2009)”, organized on the initiative of the Institute of Applied Astron-
omy of RAS with financial support from the Russian Academy of Sciences
and the Russian Fund for Basic Research, was held from 21 to 25 Septem-
ber, 2009, in St. Petersburg, Russia. The Conference is the most recent in
a series of conferences about the same subject that are traditionally con-
ducted by IAA RAS. Plenary sessions of the meeting were held daily in the
IAA building in Kutuzov Quay, 10, with exception of 24-th September when
an excursion to the radio observatory “Svetloe” on the Karelian Isthmus took
place.

The Conference was attended by more than 140 participants from about
20 countries. About 70 oral presentations (13 Invited and 55 contributed pa-
pers) were presented during the Conference. In addition about 50 pre-
sentations were made in poster form. All oral reports were presented in
seven sessions each pertaining to a certain subject. Names of the sessions are
given bellow:

1. Small Bodies of the Solar System.

. Observation and Detection of NEOs.

. Comets: Physical Nature and Motion.

. Meteor Complexes. Tunguska.

. Devastating Consequences of Impacts. Study of Traces of Past Colli-

(S SRS I \S)

sions.

6. Dynamics of NEOs. Collision Predictions.

7. Investigation of NEOs in situ. Counteraction to the NEO Hazard.

More than half of participants made use of the opportunity to submit
their papers for publication in the Proceedings of the Conference. In the
present Proceedings of ACH-2009 all papers accepted for publication are
grouped in sections named for the sessions of the Conference. Every paper is
put into the section to which it is related by subject. Every section begins
with Invited presentations (in case they are published), these papers are fol-
lowed by contributed oral communications. Each section ends with papers
that were originally presented as posters. In each section papers are arranged
in the order of their presentation at the Conference. To keep the size of Pro-
ceedings within reasonable limits, ten pages were allotted to invited papers,
five pages for papers corresponding to oral presentations, and three pages for
papers associated with posters, but this rule was not strictly enforced. An
authors index placed at the end of the book facilitates finding of papers.
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The papers presented for publication in the Proceedings were critically
considered by Editors. In many cases the manuscripts were returned to au-
thors for corrections, answering questions and correlating data. As we hope,
this process has led to improving quality of papers included in the Procee-
dings. However, the editors also considered some papers for publication that
were not fully mature for publication because they presented some novel and
promising ideas that need considerable additional work. In all instances the
papers reflect the authors’ points of view even if they varied from standard
accepted views or were at variance with that of the Editors. In case of some
doubts upon correctness of results or proposed ideas the Editors preferred to
give authors an opportunity to outline their results or ideas instead of reject-
ing the paper or insisting on complete correctness of the solutions. Only in
small number of cases, when according to Editors’ opinion the submitted
exposition can lead to misunderstandings or wrong estimates of the attained
result, the Editors take the liberty of inserting a footnote with an appropriate
explanation.

It is not our aim here to give a comprehensive assessment of the Confe-
rence and those papers that appear in its Proceedings. Nevertheless, one will
note that approximately three fourths of Conference participants came from
countries of the former Soviet Union (FSU). By virtue of some selective
process their papers comprise an even higher percentage in the Proceedings.
Perhaps for the first time the papers of representatives of this geographical
region on the subject of asteroid-comet hazard are collected in great diversity
and completeness with Proceedings published in English. This provides
an opportunity for English speaking readers to gain insight in the directions
and levels of research in the field of asteroid-comet hazards that are con-
ducted in the countries of the FSU. We hope that it also encourages interna-
tional participation in the common defense of Earth against the asteroid-
comet hazard.

Aside the geographical factors, the reader will hopefully find in the Pro-
ceedings a number of interesting ideas and developments regarding the study
of small Solar System bodies, about problems of interaction of meteor matter
with the Earth’s atmosphere, and the study of the collision of the Tunguska
space body and other space bodies with the Earth and other planets. At the
ACH-2009 Conference (and to a lesser degree, in the Proceedings) research
results devoted to catastrophic consequences of collisions of cosmic bodies
with planets and their satellites were presented. Comprehensive expert in-
formation is presented on predictions of encountering dangerous celestial
bodies with the Earth and other planets and on prospects for enlarging the
scope of the Spaceguard survey to cover dangerous bodies of hectometer
size. Finally, possible schemes of organization of Earth protection against
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collisions with asteroids and comet nuclei are described in papers by several
groups of researchers working on different continents.

Thus, in our opinion, the contents of the Proceedings is of broad interest
for a wide section of researchers involved in the study of the problem of
counteracting the asteroid-comet hazard, involving experts in the fields of
physics, dynamics, the origin of small Solar System bodies, and meteor mat-
ter.

We are happy to use this opportunity to thank the members of the Scien-
tific Committee and members of the Local Organizing Committee of
ACH-2009 for organization and successfully carrying out the Conference
and for co-operation during publication of its Proceedings. We are especially
indebted to Diana Ryzhkova, staff member of the IAA RAS for preparation
of the Proceedings and to the staff of the St. Petersburg branch of the Pub-
lishing house of RAS for preparation and publication of the Proceedings.
We also thank Yurij A. Bondarenko, the author of several papers incorpo-
rated into the Proceedings, for designing the Conference logo presented on
the Proceedings cover.
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SMALL BODIES OF THE SOLAR SYSTEM
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of Near-Earth Objects
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2 Research Institute Nikolaev Astronomical Observatory, Nikolaev, Ukraine

Abstract. The review contains the most recent data on near-Earth
objects such as their sizes and densities, rotation and shapes, taxono-
my and mineralogy, optical properties and structure of their surfaces,
binary systems among the NEOs and internal structure of asteroids
and comets constituted the NEO population. The European space mis-
sion ISHTAR for investigation of NEOs 4660 Nereus and 5797 Bivoj,
which is planned to be launched in Sept. 2011, is briefly described.

Introduction

Near-Earth objects (NEOs) are defined as asteroids and comets having
orbits with perihelion distances of 1.3 AU or less. About 30 % of the entire
NEO population may reside in orbits having a Jovian Tisserand parame-
ter < 3, and among them roughly half are observed to have comet-like physi-
cal properties such as albedos and spectra. Thus, about 10—15 % of the NEO
population may comprise extinct or dormant comets [1-3]. The rest are the
near-Earth asteroids (NEAs). They are traditionally divided into three groups
(the relative abundances are estimated by Bottke et al. [4]):

Amor a>1.0AU 1.017<¢<13 AU (32+1%)

Apollo a>1.0AU g<1.017AU (62+1%)

Aten a<1.0 AU 0>0983 AU (61 %)

Besides these, there is an additional group of rather dangerous asteroids
whose orbits reside entirely inside of the Earth’s orbit (Q < 0.983 AU).
According to [5] objects of this inner-Earth asteroid group and Aten group
together can constitute about 20 % of the km-sized Earth-crossing popula-
tion.
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About 6600 NEOs were discovered by the beginning of November
2009. They are the objects of special interest not only from the point of view
of basic science, but also of applied science (the problem of asteroid and
comet hazard, the NEAs as the potential sources of raw materials in near
Earth space, etc.).

Sizes, densities and axis rotation

In general NEOs are much smaller in size in comparison with main-belt
asteroids. The size distribution of NEO population can be approximated as

N(EDkm)=kD™

with an exponent » = 1.95 and £ = 1090 [6].

This expression indicates that there are 1090 NEOs with D > 1 km. In-
cluding uncertainties, Stuart and Binzel [7] give this result as 1090 + 180
objects that are 1 km or lager within the NEO population, which agrees well
with previous estimates. Below, the sizes of some individual objects are pre-
sented that display the whole range of sizes of cataloged NEOs overlapping
four orders of magnitude.

Largest NEOs Smallest discovered NEOs

1036 Ganymed D =38.5 km

433 Eros 16.5 2000 WL107 D=38m

3552 Don Quixote 12+15 2003 QB30 17

1866 Sisyphus 8.9 2003 SO222 10
2008 7C3* 4

* Discovered on 6 Oct. 2008, collided with the Earth on 7 Oct. 2008 and disin-
tegrated in the atmosphere over northern Sudan.

Below, the most reliable estimates of bulk densities (g/cm’) for S, Q,
and C-type NEOs are summarized. Discovery of binary NEOs gives a good
opportunity to determine their bulk densities, however those estimates are
usually not accurate enough due to an uncertainty of binary system parame-
ters.

433 Eros" 2.67 £ 0.03 S
6489 Golevka* 2.7 (+0.4, -0.6) Q
25143 Ttokawa" 1.95+0.14 S, Q
1999 K W4* 1.97 + 0.24 S
2100 Ra-Shalom* 1.1-33 C
1996 FG3 1.440.3 C
2000 DP107 1.6 (+1.2,-0.9) ?
2000 UG11 1.5 (+0.6, -1.3) ?

" Space mission data; * Radar data.
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Comparing bulk densities of these NEOs with densities of their mete-
orite analogues (ordinary or carbon chondrites) we have to suppose about
30-50 % porosity of NEO. The 4-m F-type NEO 2008 7C3 that disinte-
grated in the atmosphere (but some pieces were found) displayed also about
50 % porosity. It means that at least some of NEOs are not monolithic bodies
but “rubble-pile” structures, which have no coherent tensile strength and are
held together weakly by their own mutual gravity. One example of such bo-
dies is the Apollo-object 25143 Itokawa [8].

The distribution of the spin rates of NEOs (Fig. 1) is quite different in
comparison with that of small main-belt asteroids (MBAs) and it shows the
prominent excesses of slow and fast rotators [9]. Among the reasons for that
may be the difference in asteroid diameter distributions within these two
populations, influence of the radiation pressure torques (YORP-effect), the
influence of the rotational parameters of binaries and may be some selection
effects. The whole interval of NEO spin periods ranges over four orders of
magnitudes from 500—600 h (96590 1998 XB and 1997 AE12) to 1.3 min
(2000 DOS). It is clear that such small (a few 10 m in size) and super-fast
spinning bodies are beyond the rotational breakup limit for aggregates like
“rubble piles” and therefore they are monolithic fragments.

T NEOs, N =296 4
A - 30
N
XTI, 0
—r——r——T 11— 40
L | MBAs, D <10 km - 30
-2
N
= 1w
0 2 4 6 - Z 10 12 14 14
. rev/day

Fig. 1. Distribution of the spin rates of NEOs and small (D < 10 km)
main-belt asteroids.
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Taxonomy and mineralogy

As a first step toward estimating the nature of any NEO is determination
of its taxonomic class, that is, the object’s total mineralogy. Practically all
taxonomic classes identified among main-belt asteroids have also been found
in the NEO population, including the C, P and D classes that are typical of
the outer main belt. Binzel et al. [10] from their spectroscopic survey of
252 NEAs and Mars-crossers noted that 25 of 26 Bus’ taxonomic classes
[11] of main belt asteroids were represented in the NEO-population. The
most common taxonomic classes among them are however S and Q (silicate)
types. Recent spectroscopic investigation of 150 NEAs [12] have summa-
rized that 62 % of them belong to S-complex, 20 % to X-complex, 12 % to
C-complex, and 6 % to other classes of Bus’ taxonomy. Stuart and Binzel [7]
modeled the bias-corrected distribution of taxonomic classes and concluded
that C and other low-albedo classes constitute 27 % and S + Q classes 36 %
of all NEOs.

18 -

-l S-asteroids

Relative reflectance

o H-chondrites
0B uif B

06 - -

05 10 15 20 25
Wavelength, microns

Fig. 2. Continuous range of NEO spectra from S-types to ordinary
H-chondrite meteorites (that is, to Q-types) [13].

Observing smaller and smaller S-objects Binzel et al. [13] showed
a continuous range of NEO spectra from those of S-types to ordinary chon-
drites (Fig. 2). That is, there is a continuous transition from spectra of
S-types to those of Q-types. At the same time Q-objects are smaller in size
and brighter than S-objects, that is, their surfaces are “younger, fresher”.
Therefore, this continuum is interpreted as a result of space weathering
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process, that is, the process of alteration of the young surface of Q-asteroid
to look more and more redder like S-type surfaces [10]. Lazzarin et al. [12]
found that only 17 % of NEOs and 6 % of MBAs are compatible with ordi-
nary chondrite spectra but other objects are much redder. They also found
the statistically valid linear increase of spectral slope with increase of astero-
id exposure (that is, amount of Sun’s radiation that a body receives along its
orbit), which supported the idea of space weathering. Fevig and Fink [14]
reported the results of spectrophotometry of 55 NEOs which revealed the
statistically significant evidence for orbit-dependent trends in their data:
while observed S-types reside primarily in Amor-Apollo-Aten orbits which
do not cross the asteroid main belt, the majority of objects with spectra con-
sistent with ordinary chondrites (Q-types, that is, fresh and relatively unwea-
thered NEOs) are in highly eccentric Apollo orbits that enter the asteroid
main belt. It is very likely that these objects have recently been injected into
such orbits after a collision in the main belt.

Optical properties and surface structure

The analysis of available data clearly demonstrates that the surfaces of
NEOs display in general the same optical properties as the surfaces of MBAs
[9, 15, 16]. The whole range of NEO albedos (0.05+0.50) is basically the
same as that of MBAs and it corresponds to the same in general mineralogy
within these two populations. But the strict similarity of the other photome-
tric and polarimetric parameters (such as phase coefficient, polarization
slope and others, that are related to surface structure) gives evidence of the
similar surface structures on a submicron scale.

The polarimetric, radiometric data and direct imaging of Eros and Ito-
kawa give evidence that most NEOs are covered with regolith (fine granu-
lated rocks and dust). Despite their low gravities, even the smallest NEOs
appear capable of retaining some regolith coating. As it was estimated a min-
imum 2.3 = 0.4 m thick layer of regolith exists in the lowlands of Itokawa,
which, if spread evenly across the entire asteroid, corresponds to a 42 =1 cm
layer. The recent studies of NEO thermal IR emission showed that the aver-
age thermal inertia of km-size NEOs is 200 + 40 Jm s *’K ', that is about
four times that of the Moon [17]. Furthermore, those authors identify a trend
of increasing thermal inertia with decreasing asteroid diameter.

Radar observations showed that even the relatively small NEOs
4179 Toutatis and 1999 JM8 (D ~ 3 km both) are cratered about to the same
extent as MBAs 951 Gaspra and 243 Ida. The radar data also showed evi-
dence that NEO surfaces are rougher than surfaces of large MBAs on the
length scale of decimeters and meters. Recently the radar observations have
also revealed a link between NEO composition and surface roughness. As is
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Fig. 3. A radar link between composition and surface roughness
(http://echo.jpl.nasa.gov/).

clear from Fig. 3 the objects of different composition types have different
radar circular polarization ratios, which characterize a measure of centime-
ter-to-decimeters surface roughness. The roughest are the high-albedo ob-
jects of E and V-types, the meteorite analogs of which are enstatite chon-
drites and HED-meteorites (basalts), and they are most probably rougher
because of higher material strength.

Binary and triple systems among the NEOs

By the beginning of November 2009, 37 binary near-Earth asteroids
(one with two satellites) have been discovered. They show the similarity of
their parameters, for example, spin periods of primaries are within the inter-
val of 2.3-3.6 h and orbital periods of secondaries are in the range of
0.5-1.8 days (which may be due to observational selection effects). A frac-
tion of binary systems among the NEAs is estimated to be 15-17 % [18],
though among the Aten-asteroids the fraction can be significantly high-
er [19].

The NEA 2001 SN263 has been revealed as the first near-Earth triple as-
teroid ever found. It was discovered by Mitchal Nolan and his colleagues
using the Arecibo radar. The central body is spherical of D ~2 km across,
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while the larger of the two moons is about half that size. The smallest object
is about the size of the Arecibo telescope. Pravec and Harris [20] suggest
that binaries formed from parent bodies spinning at the critical rate by some
sort of fission or mass shedding, and the YORP-effect is a candidate to be
the dominant cause of spin-up to instability. This suggestion is in a good
agreement with results obtained by Walsh and Richardson [21] that tidal dis-
ruption due to close planetary encounters should account for about 1-2 % of
binary NEAs and that there are other formation mechanisms that contribute
significantly to this population.

Discovery and study the binary or triple systems allows one to deter-
mine the density of the NEOs and type of their material.

On the internal structure of NEOs

The internal structure of NEOs is key information to planning a mitiga-
tion strategy. Unfortunately, there are only indirect data on the internal struc-
ture of NEOs such as bulk densities and porosities, their spin rates, the
events of comet nuclei disintegration, existence of large craters, crater chains
and grooves on asteroids and satellites, and the recent data from the Japanese
space mission Hayabusa to asteroid 25143 Itokawa. Campo Bagatin [22]
analyzed these indirect evidences in order to extract information on the in-
ternal structure of NEOs. Taking into account the results of his analysis one
can summarize the following.

e The estimated bulk densities of S and especially C-type NEOs (see
[9]) are well below the density of their meteorite analogues, which suggests
30-50 % NEO macroporosity. Such porosity can result if a body is com-
pletely shattered and reassembled, creating a gravitational aggregate (GA).
It means that some NEOs are not monolithic bodies but “rubble-pile” or GA
structures, which have no coherent tensile strength and are only weakly held
together by their own mutual gravity.

e Comet nuclei also show surprisingly low bulk densities: 0.1-0.5 g/cm’
(Churyumov—Gerasimenko), 0.18-0.36 g/cm® (Borrelly), 0.36-0.76 g/cm’
(Tempel 1), 0.26 £0.15 g/cm® (Halley). For these comets bulk porosities
(that is, macroporosity) on the order of 70 to 80 % would apply [22]. For
example, in July 1992 Shoemaker—Levy 9 passed very close to Jupiter inside
the tidal breakup (Roche) limit for unconsolidated water ice and its nucleus
was disrupted into many fragments. The estimated tidal stress on the inferred
parent body is found to be very small (~10* bar). It means that before brea-
kup the nucleus was very likely an incoherent aggregate of fragments. Seve-
ral other tidal disruptions and even spontaneous nucleus splitting of comets
are known (e. g., C/1999 S4 LINEAR, Schwassmann—Wachmann 3).

e In spin periods of 1-10 km sized asteroids, Harris and Pravec [23]
have found a “spin rate barrier” — the lack of periods less than 2.2 h (spin
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faster than ~11 cycles/day). It suggests that even such small asteroids are GA
or “rubble-piles”, that is, with no substantial tensile strength. At the same
time some much smaller objects (D < 100 m) show a super fast spin with
periods ~2 minutes; this is much faster than the “spin barrier”, indicating that
they are monolithic bodies with sufficient tensile strength.

e The existence of relatively large craters (derater ~ Robject), grooves, doub-
let craters, and crater chains on asteroids and satellites also suggests
processes of body disruption with subsequent reassembly of fragments creat-
ing a GA. In particular, the absence of any correlation between the inferred
parent body mass and the number of craters in the chain supports the idea
that the fragments reaccumulated via gravitational instability just prior to
impact [22].

e NEO 25143 Itokawa is considered as the most striking example of
GA, when considering its density, which corresponds to about 40 % of void
space (macro-porosity), an availability of large blocks (boulders) on the aste-
roid, and other evidence of a catastrophic disruption scenario for the forma-
tion of Itokawa.

Thus, the NEO population presents at least three very different types of
body internal structures. They are: a) monolithic objects (the fragments of
larger parent main-belt asteroids) including the metal ones with a tensile
strength of about 10° dyn/cm?; b) the structures of “rubble-piles” type or GA;
c) about 10 % [1-3] of extinct or dormant comet nuclei with a tensile
strength of about 10°~10° dyn/cm’.

Summary
The European Space Agency works on a NEO space mission prepara-
tion named ISHTAR (Internal Structure High-resolution Tomography by
Asteroid Rendezvous). Its program foresees the investigation of Apollo-ob-
ject 4660 Nereus (C-type, D ~ 1.2 km) and Amor-object 5797 Bivoj (S-type,
D ~ 0.5 km) with determination and study of:
e mass and bulk density of target NEOs;
e internal structure, mass distribution, detailed shape;
e spin rate including axis orientation and precession (if any);
e detailed surface geology, characterization of regolith, etc.
Mission ISHTAR will be launched in Sept. 2011 with a Ukrainian
Dnepr rocket to reach 4660 Nereus in 2014. After a stay at Nereus of nearly
15 months, during which extensive science measurements can be performed,
ISHTAR will then transfer to asteroid 5797 Bivoj in order to repeat the same
type of science measurement during a period of at least 3 months. The total
mission duration is approximately 7 years.

26



The Asteroid-Comet Hazard Conference Proceedings, 2009

References

1.

2.

10.

11.

12.

13.

Lupishko D. F., Lupishko T. A. On the origin of Earth-approaching
asteroids // Solar System Res. 2001. Vol. 35, N 3. P. 227-233.

Binzel R. P., Lupishko D. F. Properties of the near-Earth object popula-
tion: the ACM 2005 view // Asteroids, Comets, and Meteors / Eds
D. Lazzaro et al. Proc. of IAU Symp. 229 “ACM 2005 Aug. 7-12,
2005. Buzios, Rio de Janeiro, Brazil. Cambridge Univ. Press, 2006.
P.207-214.

Michel P., Bottke W. F. Origin of near-Earth objects and implications on
their physical properties and mitigation strategies // Book of Abstracts of
Intern. Conf. “Asteroid-Comet Hazard-2009”, St. Petersburg, Sept. 21—
25, 2009. P. 14-15.

Bottke W. F. Jr., Morbidelli A., Jedicke R. et al. Debiased orbital and
absolute magnitude distribution of the near-Earth objects // Icarus. 2002.
Vol. 156. P. 399-433.

Michel P., Zappala V., Cellino A., Tanga P. Estimated abundance of
Atens and asteroids evolving on orbits between Earth and Sun // Icarus.
2000. Vol. 143. P. 421-424.

Stuart J. S. Observational constraints on the number, albedos, sizes, and
impact hazards of the near-Earth asteroids. Ph. D. Thesis. Massach. Inst.
of Technology, Cambridge, Massachusetts, 2003.

Stuart J. S., Binzel R. P. Bias-corrected population, size distribution, and
impact hazard for the near-Earth objects // Icarus. 2004. Vol. 170.
P.295-311.

Fujiwara A., Kawaguchi J., Yeomans D. K. et al. The rubble-pile astero-
id Itokawa as observed by Hayabusa // Science. 2006. Vol. 312.
P. 1330-1334.

Lupishko D. F., Di Martino M., Binzel R. P. Near-Earth objects as prin-
cipal impactors of the Earth: Physical properties and sources of origin //
Near Earth Objects, our Celestial Neighbors: Opportunity and Risk.
Proc. IAU Symp. N 236. 2006 / Eds A. Milani et al. 2007. P. 251-260.
Binzel R. P., Rivkin A. S., ScottJ. S. et al. Observed spectral properties
of near-Earth objects: results for population distribution, source regions,
and space weathering processes // Icarus. 2004. Vol. 170. P. 259-294.
Bus S. J. Compositional structure of the asteroid belt: Results of a spec-
troscopic survey. Ph. D. thesis, Massach. Inst. of Technol., Cambridge,
1999.

Lazzarin M., Magrin S., Marchi S. SINEO: Spectroscopic investigation
of near Earth objects // Mem. S. A. It. Suppl. 2008. Vol. 12. P. 20-27.
Binzel R. P., Harris A. W., Bus S. J. et al. Spectral properties of near-
Earth objects: Palomar and IRTF results for 48 objects including space-

27



The Asteroid-Comet Hazard Conference Proceedings, 2009

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

craft targets 9969 Braille and (10302) 1989 ML // Icarus. 2001. Vol. 151.
P. 139-149.

Fevig R. A., Fink U. Spectral observations of 19 weathered and 23 fresh
NEAs and their correlations with orbital parameters // Icarus. 2007.
Vol. 188. P. 175-188.

Lupishko D. F., Di Martino M. Physical properties of near-Earth astero-
ids // Planet. Space Sci. 1998. Vol. 46, N 1. P. 47-74.

Binzel R. P., Lupishko D. F., Di Martino M. et al. Physical properties of
near-Earth objects // Asteroids III / Eds W. Bottke, A. Cellino,
P. Paolicchi, R. Binzel. Tucson: Univ. Arizona Press. 2002. P. 255-271.
Delbo M., Dell'Oro A., Harris A. W. et al. Thermal inertia of near-Earth
asteroids and implications for the magnitude of the Yarkovsky effect //
Icarus. 2007. Vol. 190. P. 236-249.

Merline W. J., Weidenschilling S. J., Durda D. D. et al. Asteroid do
have satellites // Asteroids III / Eds W. F. Bottke et al. Tucson: Univ. of
Arizona Press. 2002. P. 289-312.

Polishook D., Brosch N. Photometry of Aten asteroids — More than
a handful of binaries // Icarus. 2008. Vol. 194. P. 111-124.

Pravec P., Harris A. W. Binary asteroid population: 1. Angular momen-
tum content // Icarus. 2007. Vol. 190. P. 250-259.

Walsh K. J., Richardson D. C. A steady-state model of NEA binaries
formed by tidal disruption of gravitational aggregates // Icarus. 2008.
Vol. 193. P. 553-566.

Campo Bagatin A. On the internal structure of asteroids and comets //
Mem. S.A. It. Suppl., 2008. Vol. 12. P. 150-163.

Harris A. W., Pravec P. Rotational properties of asteroids, comets and
TNOs // Asteroids, Comets, and Meteors / Eds D. Lazzaro et al. Proc. of
IAU Symp. 229, Aug. 7-12, 2005. Buzios, Rio de Janeiro, Brazil. Cam-
bridge Univ. Press. 2006. P. 207-214.

28



