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Abstract

The exploration of the outer Solar System remains a key objective for understanding its formation
and evolution. While flagship missions are primarily targeted towards the giant planets, this study
demonstrates a method to significantly expand their scientific return by incorporating flybys of Extreme
Trans-Neptunian Objects (ETNOs). A mission architecture is proposed in which a small spacecraft (¡300
kg) is separated from the primary vehicle after completing its main mission, for example, towards Jupiter,
Saturn, Uranus or Neptune, and then redirected towards one or more selected ETNOs.

Using trajectory optimization based on patched-conic approximations, viable flight schemes are identi-
fied that leverage multi-planet gravity-assist sequences, such as Venus-Earth-Earth-Jupiter, to reach these
distant targets. Analysis confirms that optimal launch windows for several ETNOs (including Sedna and
2012 VP113, but not limited to them) coincide within the 2039-2040 period, with that the total ∆vΣ
required for flight to each of these group ETNO is deviated only slightly from approximately 4.5 km/s ±
0.4 km/s, and the time of flight is under 20 ± 10 years. Furthermore, an innovative mission extension is
presented: the spacecraft can be split during a planetary flyby to enable simultaneous reconnaissance of
two distinct ETNOs, such as Sedna and 2013 SY99 or 2012 VP113 and Lelekhonua, without increasing
the total ∆vΣ or mission duration.

The feasibility of this multipurpose trajectory design is supported by specific optimal launch windows
and accessible target pairs, broadening the mission profile to include numerous distant bodies. This
strategy is presented as a paradigm for cost-effective, high-value supplemental science, whereby existing
planetary missions can be efficiently transformed into multi-target deep space explorers, paving the way
for the first-ever reconnaissance of some of the Solar System’s most distant known members.
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