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Creating A Compelling and Unified Strategy for 
Outer Solar System Exploration 

Objectives:  

Establish a robust and scientifically rich Outer Planets Program in 
the next Planetary Decadal Survey, and unifies multiple outer planet 
constituencies that are presently stove-piped.

Accomplished via two missions for the coming decade: an ice giant 
orbiter and an ice giant/multi-KBO Dwarf Planet flyby mission. 

These two missions will together revolutionize scientific 
understanding of solar system, ice giant, and dwarf planet origins, 
the processes that shape the evolution of planets, their satellites, 
and KBOs, and shed new light on the nature of exoplanets.



Why?
This combined mission strategy achieves multiple high-priority 
Vision and Voyages (V&V) Decadal Survey objectives:
 Accomplishes the ice giant orbiter and atmospheric probe in V&V.

 Accomplishes next-gen comparative studies of both ice giants. 

 Accomplishes next-gen comparative studies of KBOs
(Centaurs,  classical KBOs, and KB dwarf planets).

 Also advances Ocean Worlds, heliophysics, and exoplanet objectives.

 Achieves high-priority outer solar system science not otherwise 
achieved. 

These two missions, when combined with current Ocean Worlds 
efforts, achieves the highest priority science objectives for all bodies 
in the outer solar system.



Flagship 
Neptune Orbiter and Probe

 1. Centaur flyby en route to 
Neptune.

 2. Orbit Neptune.
 2-4 years
 >10 Triton flybys (Captured 

dwarf planet from the KB)
 Satellite/magnetosphere tour
 Neptune atmospheric probe 

 Cost Based on 2017 NASA/JPL 
Ice Giant Study: ~$2.6B.



New Frontiers or Mini-Flagship 
Uranus-Dwarf Planet Flyby Tour

 1. Uranus science flyby and gravity assist 
turn en route to a dwarf planet  flyby in 
the Kuiper Belt .

 2. KBO Exploration:
A KB dwarf planet is the prime KB 

target to explore KB DP diversity 
relative to Pluto system.
Additional small-intermediate sized 

KBO flybys occur pre-or post this 
flyby.

 New Frontiers cost class:  ~$1B

 Enhanced Goal: Uranus entry probe as a 
foreign (e.g., ESA) contribution.



Combined Decadal Approach 1
 A program consisting of two outer planet missions.

 Cost approximately the same as MSL.

 The net return is rich:

 Both ice giant systems are explored:
 Neptune orbited w/probe
 Uranus via a flyby

 An ocean world (Triton) also explored
 Two dwarf planets (Triton + another DP) 

explored
 Two Centaurs explored (one en route to each of 

Uranus and Neptune)
 At least one new “MU69” KBO explored en 

route to the post-Uranus DP.

 Combined with Europa Clipper, Saturn system NF, (and 
possibly even Discovery) dramatically advances our 
understanding of the outer solar system.



Combined Decadal Approach 2

Creates a coherent outer solar system 
strategy for 2020s-2030s.

Benefits and unifies KB, small bodies, 
ocean worlds, and ice giants communities. 

Breaks the competition between KB and 
Ice Giant exploration.

Makes exploring both Uranus and 
Neptune affordable.

Provides good entry points for foreign 
contributions.

Centaur Chariklo



Community Support

 Program concept briefed at OPAG Feb 2018
 Finding #3: OPAG encourages NASA to continue investment in the technologies and ground-

based science that enhance an Ice Giants mission. We also encourage NASA and ESA to refine 
estimates of the programmatic factors related to such a mission (e.g. cost, partnerships, launch 
time-frames) and undertake a follow-up mission study focused on optimizing the science 
return within the current best estimate of available resources.

 Presented at TNO-2018 Coimbra meeting.

 Upcoming presentations at COSPAR.

 Briefings to PAC, CAPS being planned.

White paper in work for Decadal.



What is Needed Next (1 of 2):
Introduction

 IG study provided overall architecture 
trades and identified enabling/enhancing 
technologies.

 But it did not:
 Include the Uranus-KBO-Dwarf Planet Flyby    

mission.

 Provide high-fidelity point design of any single 
mission.

 Prioritize the technologies to be pursued.



What is Needed Next (2 of 2):

Pre-Decadal study of these two missions:
 Refine trajectories to reach all target bodies
Mature mission design to CATE-ready level
 Identify technology needs
Long-life MMRTGs, etc

 Include ESA participation for contributed 
elements.
NASA / ESA bi-lateral discussions 
ESA study to begin later this summer
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