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Abstract. We study the motion of an asteroid being in retrograde 1/1 resonance with Jupiter
(co-orbital motion). We consider the planar case (i=180o) and Jupiter is on a circular or elliptic
orbit (e′ = 0.048). In the cirular model we compute families of symmetric periodic orbits and
their stability type. In the elliptic model we have isolated periodic orbits which affect the orbital
modes of motion as it is shown by the FLI dynamical maps.
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1. Model and results

We use the Elliptic Restricted Three Body Problem (ERTBP) with primaries Sun and
Jupiter on the rotating Ox−axis and of masses 1− μ and μ= 0.001, respectively. We
consider planar retrograde motion of an asteroid with osculating orbital elements: the
semimajor axis a, the eccentricity e, the longitude of pericenter ω and the mean anomaly
M (prime quantities refer to Jupiter). For the planar 1/1 retrogade motion the resonant
angle is defined as φ= λ− λ′ − 2ω, where λ is the mean longitude.

The planar circular problem has been studied by Huang (2018) and Morais (2019) who
distinguished three types of motion called mode 1, 2 and 3. We recomputed the families
of periodic orbits of these modes and found the periodic orbits of period multiple of 2π,
which are generating orbits for families of periodic orbits in the elliptic model with the
eccentricity e′ as parameter. There are two initial configurations: Jupiter at perihelion
(ω′ = 0◦) or at aphelion (ω′ = 180◦). The characteristic curves of the families are shown
in Fig. 1. At e′ = 0.048 we have isolated periodic orbits (1p, 1a, etc). Kotoulas (2020)
computed such families for several retrograde resonances in the main asteroid belt. In
Fig. 2 we present dynamical FLI maps for e′ = 0.048. Compared with the case e′ = 0, the
maps reveal relatively slight differences. The region of stable orbits of mode 1 (Morais
(2019)) is quite large. The white region indicates strongly unstable orbits which are not
apparent for e′ = 0. The stable regions of mode 3 and mode 2 are centered around stable
periodic orbits, which exist at small and very large eccentricities, respectively.

2. Conclusions

We explored the phase space structure of the planar elliptic RTBP (e′ = 0.048) in the
1/-1 resonance by computing families of periodic orbits and dynamical maps. Compared
with the results of the circular model, the eccentricity of Jupiter affects mainly the modes
2 and 3 of motion. The mode 1 is the most stable motion but a zone of strong instability
appears at high eccentricities.

© The Author(s), 2024. Published by Cambridge University Press on behalf of International Astronomical

Union. This is an Open Access article, distributed under the terms of the Creative Commons Attribution

licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distribution and

reproduction, provided the original article is properly cited.

https://doi.org/10.1017/S1743921323003630 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921323003630
https://orcid.org/0000-0002-2561-4207
https://orcid.org/0000-0001-7502-0063
mailto:tkoto@physics.auth.gr
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1743921323003630&domain=pdf
https://doi.org/10.1017/S1743921323003630


1/-1 Resonance with Jupiter 137

Figure 1. Families of 1/1 retrograde periodic orbits in the elliptic model. Numbered dots
indicate the isolated orbits for the Jupiter’s eccentricity e′ = 0.048.

Figure 2. FLI maps for the planar elliptic problem (e′ = 0.048), ω′ = 0◦ (top) and ω′ = 180◦

(bottom). Left column refers to modes 2 and 3 and the right one to mode 1. Dark colors indicate
low FLI values, i.e. stable motion.
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Supplementary material

To view supplementary material for this article, please visit http://doi.org/10.1017/
S1743921323003630
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