18—22 October 2021
Hybrid Meeting, lasi, Romania

ISSN 1743-9213

International Astronomical Union

TAU

CAMBRIDGE
UNIVERSITY PRESS

Proceedings of the International Astronomical Union

Multi-scale (Time and
Mass) Dynamics of
Space Objects

Alessandra Celletti
Catalin Gales
Cristian Beaugé
Anne Lemaitre

Earth Mars 243 Ida Jupiter Saturn  Uranus  Neptune Pluto

6 Phobos Dactyl 6 Mimas Puck G ChE;rora

Moon Deimos

Triton
Enceladus Miranda =
® Nereid
Tethys Ariel

Europa ! )
P . & Dione Umbriel
v - K

Rhea Titania

Ganymede ’ oberen y

Titan

. ay
Callisto ~ Hyperion
) |

lapetus

Pho'ebe Earth


https://doi.org/10.1017/S174392132200179X

MULTI-SCALE (TIME AND MASS) DYNAMICS OF SPACE OBJECTS

[AU SYMPOSIUM 364

COVER ILLUSTRATION:

Multi-scale dynamics of space objects

https://doi.org/10.1017/5174392132200179X Published online by Cambridge University Press


https://doi.org/10.1017/S174392132200179X

TAU SYMPOSIUM PROCEEDINGS SERIES

Chief Editor
JOSE MIGUEL RODRIGUEZ ESPINOSA, General Secretariat
Instituto de Astrofisica de Andalucia
Glorieta de la Astronomia s/n
18008 Granada
Spain
IAU-general.secretary@iap. fr

Editor
DIANA WORRALL, Assistant General Secretary
HH Wills Physics Laboratory
University of Bristol
Tyndall Avenue
Bristol
BS8 1TL
UK
IA U-assistant.general.secretary @iap. fr

https://doi.org/10.1017/5174392132200179X Published online by Cambridge University Press


mailto:IAU-general.secretary@iap.fr
mailto:IAU-assistant.general.secretary@iap.fr
https://doi.org/10.1017/S174392132200179X

INTERNATIONAL ASTRONOMICAL UNION
UNION ASTRONOMIQUE INTERNATIONALE

International Astronomical Union

TAY

MULTI-SCALE (TIME AND MASS)
DYNAMICS OF SPACE OBJECTS

PROCEEDINGS OF THE 364th SYMPOSIUM OF
THE INTERNATIONAL ASTRONOMICAL UNION
HYBRID MEETING, IASI, ROMANIA
18-22 OCTOBER, 2021

Edited by

ALESSANDRA CELLETTI (co-chair)
University of Rome Tor Vergata, Italy

CATALIN GALES (co-chair)

University Al. I. Cuza lasi, Romania

CRISTIAN BEAUGE
Observatory of Cordoba, Argentina

and

ANNE LEMAITRE

University of Namur, Belgium

CAMBRIDGE

@/ UNIVERSITY PRESS

https://doi.org/10.1017/5174392132200179X Published online by Cambridge University Press


https://doi.org/10.1017/S174392132200179X

CAMBRIDGE UNIVERSITY PRESS

University Printing House, Cambridge CB2 8BS, United Kingdom
1 Liberty Plaza, Floor 20, New York, NY 10006, USA

10 Stamford Road, Oakleigh, Melbourne 3166, Australia

(© International Astronomical Union 2022

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 2022

Printed in the UK by Bell & Bain, Glasgow, UK

Typeset in System KTEX 2¢

A catalogue record for this book is available from the British Library Library of Congress
Cataloguing in Publication data

This journal issue has been printed on FSCT™-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 9781108490764 hardback
ISSN 1743-9213

https://doi.org/10.1017/5174392132200179X Published online by Cambridge University Press


mailto:www.fsc.org
https://doi.org/10.1017/S174392132200179X

Table of Contents

Preface . . . . . e e e viii
Editors . . . . . X
List of Participants . . . . . . . . . . .. xi

Dynamical constraints on the evolution of the inner asteroid belt and the sources
of meteorites . . . . . . . L 1

Stanley F. Dermott, Dan Li and Apostolos A. Christou

On Tides and Exoplanets . . . . . . . . . . . . . ... 20
S. Ferraz-Mello

Evolution of INPOP planetary ephemerides and Bepi-Colombo simulations . . . 31
A. Fienga, L. Bigot, D. Mary, P. Deram, A. Di Ruscio, L. Bernus,
M. Gastineau and J. Laskar

The Lidov-Kozai resonance at different scales . . . . . . .. ... ... ... ... 52
Anne-Sophie Libert

A numerical criterion evaluating the robustness of planetary architectures;

applications to the v Andromedee system . . . . . .. .. ... ... .. ..... 65

Ugo Locatelli, Chiara Caracciolo, Marco Sansottera and Mara Volpi

New results on orbital resonances . . . . . . . . . . . ... 85
Renu Malhotra

Latitudinal variations of charged dust in co-orbital resonance with Jupiter . . . . 102
Stefanie Reiter and Christoph Lhotka

Chaos identification through the auto-correlation function indicator (ACFI) . . 108
Valerio Carruba, Safwan Aljbaae, Rita C. Domingos, Mariela Huaman
and William Barletta

Closed-form perturbation theory in the Sun-Jupiter restricted three body problem
without relegation . . . . . . . .. L L 113

Irene Cavallari and Christos Efthymiopoulos
The current orbit of Atlas (SXV) . . . . . .. ... o 120

Demétrio Tadeu Ceccatto, Nelson Callegari Jr. and Adriin Rodriguez

Evolution and stability of Laplace-like resonances under tidal dissipation . . . . . 128
A. Celletti, E. Karampotsiou, C. Lhotka, G. Pucacco and M. Volpi

Back-tracing space debris using proper elements . . . .. ... ... ... 134

Alessandra Celletti, Giuseppe Pucacco and Tudor Vartolomei

Four- and five-body periodic Caledonian orbits . . . . . . .. ... .. ... ... 140

Valerie Chopovda and Winston L. Sweatman

https://doi.org/10.1017/5174392132200179X Published online by Cambridge University Press


https://doi.org/10.1017/S174392132200179X

vi Contents

Satellites’ orbital stability through normal forms . . . . .. ... ... ... ... 146
Irene De Blasi, Alessandra Celletti and Christos Efthymiopoulos

Noise, friction and the radial-orbit instability in anisotropic stellar systems:

stochastic N—body simulations . . . . . . . . .. ... ... L. 152

Pierfrancesco Di Cintio and Lapo Casetti

A cartographic study of spin-orbit coupling in binary asteroids . . . . . ... .. 158
Mahdi Jafari Nadoushan

Probabilistic evolution of pairs of trans-Neptunian objects in close orbits . . . . 165
Eduard Kuznetsov, Omar Al-Shiblawi and Viadislav Gusev

Multiple bifurcations around 433 Eros with Harmonic Balance Method . . . . . . 171

Leclére Nicolas, Kerschen Gaétan and Dell’Elce Lamberto

The effect of the passage of Gliese 710 on Oort cloud comets . . . . . .. .. .. 178
Birgit Loibnegger, Elke Pilat-Lohinger, Max Zimmermann and
Sharleena Clees

Weak stability transition region near the orbit of the Moon . . . . .. ... ... 184

Zoltan Mako and Julia Salamon

Secular dynamics in extrasolar systems with two planets in mutually inclined orbits 191

Rita Mastroianni and Christos Efthymiopoulos

Dynamics around the binary system (65803) Didymos . . . . . . . ... ... .. 197

R. Machado Oliveira, O. C. Winter, R. Sfair, G. Valvano, T. S. Moura
and G. Borderes-Motta

Orbit propagation around small bodies using spherical harmonic coefficients

obtained from polyhedron shape models . . . . . . .. ... ... ... ...... 203
P. Penarroya and R. Paoli

The semi-analytical motion theory of the third order in planetary masses for the

Sun — Jupiter — Saturn — Uranus — Neptune’s system . . . . . . . ... ... ... 211
Alexander Perminov and Eduard Kuznetsov

On the scattering and dynamical evolution of Oort cloud comets caused by a stellar

fly-by . e 214
E. Pilat-Lohinger, S. Clees, M. Zimmermann and B. Loibnegger

Planetary and lunar ephemeris EPM2021 and its significance for Solar system

research . . . . . L e 220

Elena Pitjeva, Dmitry Pavlov, Dan Aksim and Margarita Kan

Some of the most interesting cases of close asteroid pairs perturbed by resonance 226

A. Rosaev and Eva Plavalova

Characterization of the stability for trajectories exterior to Jupiter in the restricted
three-body problem via closed-form perturbation theory . . . . . . .. .. .. .. 232

Mattia Rossi and Christos Efthymiopoulos

https://doi.org/10.1017/5174392132200179X Published online by Cambridge University Press


https://doi.org/10.1017/S174392132200179X

Contents vii

Astrometry and photometry of asteroids from the UkrVO database of astroplates 239
I.B. Vavilova, S.V. Shatokhina, L.K. Pakuliak, O.M. Yizhakevych,
1. Eglitis, V.M. Andruk and Yu.l. Protsyuk

Families of periodic orbits around asteroids: From shape symmetry to asymmetry 246
G. Voyatzis, D. Karydis and K. Tsiganis

Oscillations around tidal pseudo-synchronous solutions for circumbinary planets 252
F. A. Zoppetti, H. Folonier, A. M. Leiva and C. Beaugé

Apsidal alignment in migrating dust - Crescent features caused by eccentric planets 259

Mazimilian Sommer, Petr Pokorny, Hajime Yano and Ralf Srama

Cascade disruption in Rampo family . . . . . ... .. ... ... ... 262

Mariia Vasileva, Eduard Kuznetsov, Alexey Rosaev and FEva Plavalovd

An algorithm for automatic identification of asymmetric transits in the TESS

database . . . . . .. e 264
M. Vasylenko, Ya. Pavlenko, D. Dobrycheva, I. Kulyk, O. Shubina and
P. Korsun

Author Index . . . . . . . . . . 267

https://doi.org/10.1017/5174392132200179X Published online by Cambridge University Press


https://doi.org/10.1017/S174392132200179X

Preface

With the advent of powerful telescopes, instruments and computation facilities, as well
as the results from space missions ventured towards the edge of the Solar system, we
are witnessing a new era of extraordinary discoveries, that is pushing the frontier of
science toward new horizons. Different or refined theories, methods and techniques are
needed to deal with the enormous amount of highly accurate observational data on the
celestial bodies. The emergence of new open problems, such as the formation, habitability
and long-term evolution of planetary systems, the complex dynamical behavior of minor
bodies in the Solar system, the increased traffic in Earth’s orbit, the exploration and
exploitation of space objects, stimulates the birth of new lines of investigation, the search
for novel scientific methods and techniques, as well as the development of technologies.

The range of phenomena that manifest at all different time and length scales and the
wide range of sizes of space objects, from minor bodies in the Solar system to exoplanets,
from dust particles to Jupiter-size bodies, require the development of dynamics mod-
elling and analysis tools that can handle these different scales. The understanding of the
dynamics of space objects of various sizes, both natural and artificial, is a key to the
advancement of various branches of science, such as celestial mechanics, astrodynam-
ics, planetary sciences, applied mathematics and dynamical systems, with considerable
benefits to society and economy.

These topics motivated the organization of the IAU Symposium 364, Multi-scale
(time and mass) dynamics of space objects, held online from Tasi (Romania) during
the period October 18-22, 2021. Although the pandemic situation did not allow to gather
together in Iasi, the Symposium represented a unique opportunity to share ideas and
projects. This book is a collection of contributions given by distinguished scientists at
the TAU Symposium 364. The methods in dynamics modeling of space objects have
already reached a state of maturity, and their implementation provided a large number
of results of particular importance both in theory and in applications. The contributions
in this volume deal with a variety of important topics covering the recent advances in the
multi-scale dynamics of natural and artificial space objects from various perspectives,
among which:

a) dynamics modelling of space objects at different time and length scales (multi-
scale): dust particles, asteroids and comets, planets and exoplanets, satellites and
space debris;

b) theories and tools to analyze the long-term evolution of space objects: perturbation
methods, numerical, semi-analytical and analytical techniques, computer-algebraic
techniques, planetary ephemerides, special manipulators and computational envi-
ronments, dynamical systems methods;

c¢) multi-scale stability analysis of celestial bodies: resonances, mechanisms of onset
of chaos, chaos indicators, equilibrium points, invariant manifolds, local and global
analysis;

The Symposium was attended by an overall number of 199 participants from differ-
ent institutions all over the world. The Symposium was made possible thanks to the
support of the International Astronomical Union, with the endorsement of Division A
Fundamental Astronomy, A4-Inter-Division A-F Commission Celestial Mechanics and
Dynamical Astronomy. The Symposium was organized thanks to the collaboration of
the University of Rome Tor Vergata (Italy), the University Alexandru Ioan Cuza of Iasi
(Romania) and the Romanian National Committee for Astronomy.
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Preface ix

We take the opportunity to thank all members of the Scientific Organizing Committee
(SOC) of the Symposium and all members of the Local Organizing Committee. We
acknowledge the Department of Mathematics of the University of Al. 1. Cuza, lasi,
Romania, for hosting the Symposium and, in particular, we warmly thank the dean
of the Faculty, Prof. Razvan Litcanu, and the vice-dean, Prof. Marius Apetrii.

Alessandra Celletti and Catalin Gales (co-chairs)
Cristian Beaugé and Anne Lemaitre (co-editors)
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