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Abstract

Comet Interceptor is ESA’s new fast-class mission within the Cosmic Vision Programme. Its primary
objective is to perform a flyby to a dynamically new comet, entering the inner Solar System for the
first time. To date, all comets visited by spacecraft have undergone a substantial alteration since their
formation, due to their many passages through the inner Solar System during their lifetimes. In contrast,
Comet Interceptor (or Comet-I) will conduct the first-ever encounter with a pristine dynamically-new
comet.

A key aspect of the mission is that dynamically new comets are typically discovered only as they enter
the inner Solar System and become sufficiently luminous to be detected by ground-based surveys. Comet-I
will therefore be launched, nominally in 2028, and stationed in a halo orbit around the Sun–Earth L2
point (SEL2), where it will remain ready to depart upon the discovery of a suitable target.

This paper analyses the design of feasible intercept trajectories for Comet-I. The combination of the
orbital energy at SEL2 and its dynamical instability allows Comet-I to depart the Earth gravity well with
an excess escape velocity in the range of 0.8 to 1 km/s. Close approaches to the Moon can further increase
Comet-I effective ∆V by up to 150 m/s. Finally, Comet-I’s onboard propulsion system provides up to
950 m/s of extra ∆V. Given these dynamical leverages and spacecraft constraints, the paper discusses
the region of space within which target comets can be feasibly reached with a fixed time of flight (i.e.,
reachable region) and the type of transfers that is most advantageous to reach each given point within
the reachable region (i.e., traversing or not the Earth’s hill sphere and performing or not a Moon flyby).

Intercept trajectories are defined as two-impulse transfers departing from the parking SEL2 Halo orbit
and reaching an intercept point along the target comet’s trajectory. The trajectory optimization benefits
of a multi-fidelity pipeline with increasing fidelity on the dynamical framework. A zero-SOI patched conic
framework is used to identify the intercept point along the comet’s trajectory. Sun-Earth CR3BP is used
to optimize the nominal trajectory, however a zero-SOI moon flyby is used to gauge the potential leverage
of adding a lunar gravitational assist. The robustness of the approach is validated by refining trajectories
into Ephemeris model using ESA’s GODOT flight dynamics software.
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