
NEPTUNE-ODYSSEY: Mission to Neptune-Triton System

“Neptune’s moons were normal 
until Triton came crashing in.”
New Scientist

PI Abigail Rymer
Large team including: Kirby Runyon (Project Scientist), Robin Vaughan (Project Engineer) 

and Co-Is and collaborators from 17 national and international institutions.



“There is only one planet-type left to orbit – an Ice Giant, and we 
propose that NASA continue their voyage of excellence in planetary 
exploration and leadership by scheduling a Flagship-class mission to 

the Neptune-Triton system.”
[Rymer et al., 2019 PMCS proposal]



Support for Ice Giant Mission

[Vision and Voyages for Planetary Science in the Decade 2013-2022]
‘Top and only priority for a new flagship mission is the Uranus Orbiter and Probe.’

This changes in the coming decade and the Outer Planets Assessment Group (OPAG) support 
Neptune for a flagship mission. 

‘…owing to Triton, a captured dwarf planet itself and also a high priority Ocean World target’ 
[OPAG Scientific Goals for Exploration of the Outer Solar System]





=MARS 2020

=Europa Clipper

=Neptune-Triton?



ODYSSEY: Mission to Neptune-Triton System

• Ice Giant Orbiter and Probe mission: In Top 
3 Decadal Priorities
• Comparative planetology of Kuiper Belt 
Dwarf Planets (Triton)

• Ocean Worlds, heliophysics, and 
exoplanet objectives
• “Neptune’s moons were normal until 

Triton came crashing in.” (New 
Scientist)

• Neptune > Uranus due to captured dwarf 
planet Triton

Required Measurements:
• Magnetic field
• Gravitational harmonics
• Spectroscopy
• Visible imager
• Ions and electrons
• Neutral mass spectrometry
• Dust

Candidate Architectures: Cassini-Huygens, New Horizons,  
Juno, LCross

• Structure and 
characteristics of the 
dynamo and overall 
interior.
• Bulk composition (V&V; 
IG predecadal study report 
2017)
• Dwarf planet 
comparative planetology 
(Simon et al. 2018 WP) Near IR (I. de Pater) all 

Moussis et al. 2018

      

Development
• Cost/technical evaluation
• Cassini-like tour, using Triton
• Long-lived RPS (eMMRTGs?)
• Atmospheric thermal protection
• Engage ESA, NASA/Helio
• Optical Comm?
• Flagship Class. Cost share with other 

agencies and NASA divisions?



Why this proposal?

At least 7 Ice Giant mission proposals were submitted to the PMCS call:

“Given the high science priority of the Ice Giants, a number of studies 
have been performed of dedicated orbital missions. However, previous 
NASA-led studies have lacked a strong Triton element.” Rymer PMCS 
proposal.

‘Neptune-Triton Mission: a flagship for everyone’ Carol Paty, OPAG 2019.



Major strength 1 –
A flagship for everyone



Major strength 2 – New approach the gives equal 
weight to system science, especially Triton.



Major strength 3 – Great team



Minor strength 1 – Robust approach



Minor strength 2 – Professional approach to 
addresses human challenges is given as much 
weight as engineering challenges 



Minor weakness 1 – We can’t be ready by 
2030, can we?

‘This study will provide a practical ‘shovel ready’ 
concept that is quickly executable in the coming decade.’ 

[Rymer et al., 2019 PMCS proposal]



Minor weakness 2 – should not have ditched 
the Triton trade study

‘Two elements (a Triton lander and aerocapture) that we have determined do not 
provide sufficient benefit compared to added risk to include in our proposed …A 
Triton lander would enable unprecedented science discovery … similar arguments 
arise here as with the Europa lander concept: that the nature of the surface of Triton 
is not sufficiently well characterized causing the team to consider inclusion of this 
element on our first orbiting mission to Neptune of too high risk despite the 
enormous potential science return.’ [Rymer et al., 2019 PMCS proposal]



+ Jonathan Fortney
Todd Smith
George Hospodarsky
Emily Martin
Alex Patthoff

38 total
17 women, including PI and 3/8 Working Group 
leads
Also include Princeton sociologist Janet Vertesi



Working groups



Tour design and instrumentation to explore 
Tritons surface and sub-surface.



Exoplanets – a rear view camera to explore 
the ‘exoplanets on our own back yard.



STM framework



Extending launch window to Neptune with 
SLS +upper stage *preliminary*



Partnering
• NASA/Langley indicated they have additional money to help with 

lander and Neptune entry probe concepts during the study.



Outreach
• Website in prep, www.NeptuneOdyssey.jhuapl.edu
• Presentation

• OPAG 4 Feb 2020
• LPSC, Sunday 15 March 2020

• What more should we be doing?

http://www.neptuneodyssey.jhuapl.edu/


Key milestones
• Bi-weekly full team telecons (all recorded)

• Tom Spilker: ‘Aerocapture’
• Noam Izenberg: ‘Triton Hopper’
• Mark Hofstadter: ‘Trajectory’
• Ralph McNutt: ‘Power’
• Dana Hurley: ‘L-cross mission design’
• (next time) Amy Simon: ‘If Ice Giant formation is difficult then why are they so common?’

• ~Weekly WG telecoms
• WG deliver STMs by Feb 7
• In person meeting at APL 25-27 March 2020
• Design Lab at APL 4-9 May 2020
• Report due to NASA 30 June 2020 



Summary and Musings
• Focus on ‘system science’ and I am hearing that echoing back to us a lot, I 

think we have really captured the zeitgeist of planetary science with this 
mission target and concept and approach.

• NASA’s selection of this Ice Giants PMCS shows that satellite science is a 
driving consideration in ice giant exploration.

• New Horizons’ exploration of Pluto, Charon and Arrokoth captures the 
imagination for Kuiper belt science and a Triton-centric Neptune tour is an 
excellent opportunity to enhance the science from the New Horizons 
mission

• Provide an unashamedly large flagship mission that excites the broader 
community and the nation.

• Worried about the late start. We’d be worried even without the late start! 
But excited to have the chance to do this and the science team and broader 
support have been fantastic.



Back up slides



Neptune planetary science





Neptune-Triton “Odyssey” timeline

Trajectory outline In-person Science 
team meeting #1

Define Science
Detailed trajectory
Strawman payload

Design Lab
In-person Science team 

meeting #2

Deliver “shovel 
ready” mission 

concept to NASA

November ……..   December ..2020….  ……February………            ……  …… April……… …   May……………………      … 30 June 2020 
Begin regular 

team and sub-
team telecons

Outbrief at LPSC
March 2020

• Triton lander element opportunities:
• L-cross mission impactor science – Dana Hurley

• Reflections on outreach, importance of and how-to –
Alan Stern?

• Induction analysis for given trajectories – Corey 
Cochrane and Frank Crary



Work so far

• Tom Spilker presentation on aerocapture (see recording)
• Noam Izenberg presentation on ‘Triton Hopper’ concept

• Revisit in response to review minor weakness 1:



Design lab schedule…

• Trajectory design – review minor weakness 2:
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