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Abstract

The environment near a comet nucleus presents unique challenges for spacecraft operations due to
extremely weak gravity, irregular mass distributions, solar radiation pressure, and disturbances caused
by outgassing. These effects complicate the design of stable spacecraft trajectories and station-keeping
strategies, particularly in regions influenced by the formation of the cometary tail. At the same time,
maintaining a controlled observation geometry in the anti-sunward direction of the nucleus would enable
continuous in-situ measurements of the early stages of tail formation.

This paper investigates the feasibility of maintaining a spacecraft in a controlled position downstream
of a comet nucleus along the comet-Sun line. The work focuses on the dynamical and guidance, navigation,
and control (GNC) aspects of this configuration. First, the dynamical environment in the Sun-comet-
spacecraft system is analyzed, accounting for the combined effects of solar gravity, comet gravity, solar
radiation pressure, and non-gravitational perturbations associated with comet activity. Candidate regions
for bounded motion and quasi-equilibrium behavior in the anti-sunward direction are explored using
dynamical systems tools. Second, guidance and control strategies for maintaining a stable relative position
in this highly perturbed environment are discussed, with emphasis on robustness to uncertain disturbances.

In addition, preliminary considerations on spacecraft operations and representative payload instru-
ments suitable for tail studies are outlined. The study aims to assess whether sustained station-keeping in
the near-tail region of a comet is dynamically feasible and controllable with realistic spacecraft capabilities.



