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OPAG Townhall Topics 
 

1. Draft findings from the February OPAG meeting 
 

1. Update and discussion of the new science goals document and over-arching 
science themes 
 
 

• OPAG regularly evaluates outer solar system exploration goals, objectives, 
investigations and required measurements on the basis of the widest possible 
community outreach. The group assembles twice per year to assess the 
current state of outer solar system exploration, goals for future exploration, 
and technology development needed to achieve those goals.   
– Most recent OPAG meeting was 19-20 February 2015 at NASA Ames 

 
• The next OPAG meeting will be August 24 – 26 at APL 
 

 



OPAG Overview 
 

• Our challenge has been to bracket the looming gap in missions to 
the outer solar system, and now to minimize the impact 

 

• The near-term future for outer solar system exploration 
is bright 
– Juno at Jupiter 
– Cassini at Saturn 
– New Horizons flyby of Pluto 

 
• After that outer solar system exploration consists of 

– Some participation in JUICE 
– New Horizons flyby of a KBO 
– A new Europa Mission !!!!! 

 



What do we need to do to achieve a 
healthy program of outer solar system 

exploration 
 
OPAG Findings address the need to: 
1. Maintain support for current missions and data analysis 
2. Support a new start for a Decadal-Survey-responsive Europa 

mission as soon as possible 
3. Invest in power sources appropriate for the outer solar system 
4. Make sure that outer solar system missions have a home in 

Discovery and New Frontiers 
5. Go after other opportunities with international collaboration, e.g. 

ESA’s M4; Participating scientists on EXCEED 
6. There will be a gap in data for >10 years; how do we maintain a 

knowledgeable outer solar system community of scientists? 
– Keep that gap as short as possible 
– R&A 

 



OPAG FINDINGS – PRELIMINARY!! 



1.  Get the mission to Europa going 
• Europa remains the highest priority mission destination for the outer planets 

community.  OPAG lauds in no uncertain terms the inclusion of funding for a new 
start for a Europa mission in the President’s FY2016 budget. A tremendous 
opportunity presents itself to NASA and the nation. A properly designed and 
instrumented mission to Europa will markedly advance our understanding of the 
Outer Solar System, and may very well revolutionize our understanding of life in 
the Universe.  We continue to strongly support the Europa Clipper as a 
scientifically compelling, technologically feasible and fiscally responsible approach 
to exploration of Europa.   

  
• OPAG finding:  OPAG strongly encourages NASA to continue work on the Europa 

Clipper.  OPAG wishes to be informed at the earliest opportunity of NASA’s plans 
for Europa mission formulation during phase A, including but not limited to the 
selection of instruments. Modest expansion of instrumentation to do important 
plume science, should that opportunity exist at Europa, is encouraged, but only 
if the budget allows, and not at the expense of the core payload or at the price 
of a significant delay to the launch. 
 

Presenter
Presentation Notes
Next outer planets mission



2.  Looking ahead to assessing habitability 
• A workshop on possible strategies for detecting life in a Europa plume was held immediately 

prior to OPAG meeting. Several OPAG Steering Committee members were in attendance. As 
exciting as this concept is, OPAG urges caution on the part of NASA. As presented at the 
workshop, and at a longer plumes workshop held in June 2014, new HST observations of 
Europa have yet to confirm the existence of any plumes on Europa.  Plumes may exist but be 
below the detection threshold of present-day observations, or they may be intermittent. But 
the lack of definitive observations hinders our attempts at plume characterization, much less 
instrument design for potential biosignature experiments at Europa. 

  

• OPAG notes that, at present, there is no clear scientific consensus on how to best detect 
living organisms elsewhere in the solar system, short of bringing back samples to terrestrial 
laboratories. In contrast, assessing the prerequisites for habitability (e.g., water, energy, 
biogenic elements) is feasible with planetary spacecraft, as is searching for the signatures of 
life as we know it (specific organic chemical attributes, isotopic ratios, i.e., “biomarkers”). 
The latter is worthy of further study by NASA. 
 

• OPAG finding:  The PICASSO and Matisse programs are ideally suited for the technology 
development required for instruments for the payload of a future “biosignature” missions, 
anywhere in the solar system. 
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3.  Maintain Current Mission Support 
Focus on Cassini’s Legacy  

• Cassini is NASA’s premier flagship mission.  Cassini’s data return from the Saturn system 
continues to inspire, challenge and enchant us.  Cassini has passed the senior review 
milestone, and funding is secure for the Grand Finale phase of the mission. Many thanks to 
NASA HQ for selecting nine additional Cassini Participating scientists in the most recent 
CDAPS cycle. To date, the amazingly successful Cassini Participating scientist program has 
incorporated over 30 new participating scientists into the Cassini teams. In some cases 
these young scientists have made significant, new contributions to the growing list of 
Cassini discoveries.  
 

• OPAG finding:  The Cassini Data Analysis and Participating Scientist (CDAPS) program 
has been incredibly successful in funding analysis and modeling of the wealth of data 
collected by Cassini. It is extremely important to continue this program well past 
Cassini's end-of-mission in September 2017. The unique end-of-mission science will take 
time to analyze and understand, and promises new results on the origin and evolution of 
Saturn, its rings and moons. Once the Cassini mission ends and funding stops the CDAPS 
program remains the best place to fund continued research on these data and will bridge 
the gap to the next outer solar system mission. Continuation of CDAP (and possibly 
JunoDAP?) until the Europa mission is on its way will bridge the gap to the next outer 
solar system mission and ensure that a knowledgeable cadre of outer planet scientists 
will be ready to operate and analyze data from the Europa mission instruments.  
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4.  New Frontiers  
 
• New Frontiers - OPAG welcomes and strongly supports the news of $5 million for a 

New Frontiers mission start. Beginning a New Frontiers mission at this time is 
directly in line with recommendations in the Decadal Survey that NASA select two 
New Frontiers missions in the decade 2013-2022. These medium-class, directed 
missions at a complete cost of close to $1 billion allow the NASA planetary science 
community to target regions of great importance in the solar system with capable 
missions of moderate breadth. These missions especially enable outer solar system 
science, as four of the seven proposed New Frontiers destinations could be outer 
solar system targets. Insertion of a New Frontiers mission amid a Discovery 
selection and the new start of a Europa flagship mission enables us to achieve 
major Decadal Survey goals, engage the planetary science community and 
maximize science return per dollar.  

  
• OPAG finding:  OPAG recognizes the funding challenges PSD has faced for the past 

few years. Thus, we are especially appreciative of, and register our support for, 
the New Frontiers program, and are pleased that the administration has 
requested funds to restore this critical program.  
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5.  A home for outer solar system 
missions in the Discovery Program  

• OPAG was pleased to see presentations of Discovery mission concepts for Io and 
Enceladus, and for an orbiting telescope with the outer solar system as its primary 
target, at our meeting.  This validates the changes that have widened the range of 
missions that can be entertained in the Discovery program.  Specifically, moving 
Phase E costs out of the cap has enabled some missions to outer solar system 
targets.   
 

• OPAG finding:  NASA HQ should continue on this path of leveling the playing field 
for outer solar system destinations.  At the next AO the possibility to carry GFE 
radioactive power supplies should be included. 
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Outer Solar System Challenges 
• Travel time – OPAG is intrigued by the potential for use of the SLS, which 

could considerably shorten the time required to get to outer solar system 
destinations, or substantially increase the mass available; however a cost 
model must be developed that fits within normal PSD expenditures for 
launch vehicles 
 

• Power – solar power has now been shown to be viable as far out as Jupiter, 
but with current technology to go beyond Jupiter (or to places with 
inherently little sunlight such as polar regions) Radio-isotope Power Systems 
(RPS) are still required. Getting domestic production of Pu238 restarted was 
an important milestone reached last year. 
– Near-term there must be a focus on getting all the steps in the RTG production 

line working to fuel the current generation of RTGs 
– OPAG supports important technology developments are underway for the next 

generation of RTGs 
– There are no current outer solar system mission concepts that require 

development of fission power 



6.  Invest in power sources needed for 
outer solar system exploration 

• There are many potential planetary missions that require use of Radio-isotope 
Power Systems (RPS), including all that would venture beyond Jupiter. OPAG has a 
keen interest in RPS because that is currently the only viable option for power for 
ice giant missions. To build on the demonstrated reliability of MMRTG technology 
(and therefore mission success), increase efficiency of Pu238 usage, and boost end-
of-life mission power, the OPAG advocates the Planetary Science Division’s 
continuous upgrade development path for radioisotope thermoelectric generators 
and Stirling generators.   
 

• OPAG finding:  The re-start of domestic production of Pu238 is a significant 
achievement and enables our continued exploration of the outer solar system.  It 
is important to continue to invest in future technologies thus OPAG also endorses 
PSD’s evaluation of other potential nuclear power system developments (Nuclear 
Power Assessment Study) to meet future mission needs, and would like that study 
report to be released as soon as practical.   
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7.  Research & Analysis programs 
• R&A is an essential part of maximizing science return from NASA’s missions. 

OPAG is concerned about the low selection rate.  We are seeking clarity on the 
new R&A organization.  We are developing a list of items that we would like to 
see reported out, including but not limited to, budget allocated to each ROSES 
program, number of proposals submitted, number of proposals selected, 
average funding level for the selected proposals, etc. Although some data is 
currently available, R&A funding programs are distributed between multiple lines 
and difficult to track. 
 

• OPAG finding:  Better communication is key to building confidence in the new 
R&A program. While currently the AG meetings give the community an 
opportunity to learn about the R&A process, it is taking up more and more time 
each year. We suggest that quarterly townhall meetings be held to give the 
time needed for productive communication between the science community 
and program managers.  



8a.  International Collaboration:  ESA’s 
M4 Cosmic Vision 

• US Participation in ESA’s M4 Cosmic Vision. As numerous projects have 
demonstrated, strong, close international collaboration greatly increases mission 
capabilities and resources, enhancing scientific achievements. In many cases, 
international collaboration is an enabling factor for missions. OPAG lauds NASA¹s 
support of several responses to ESA's M4 Cosmic Vision call.   
 

• OPAG finding: The collaborative international partnerships built by missions such 
as Cassini-Huygens represent decades of effort and investment, and benefit 
science immensely. In addition to support of the current M4 call, we encourage 
NASA to look ahead to identify opportunities and find mechanisms to enable 
collaboration on projects of high priority to both NASA and ESA that would 
otherwise be out of reach for either agency alone. 
 



8b.  International Collaboration:  
Exceed Participating Scientists 

• EXCEED is a UV telescope on board the JAXA mission Hisaki in orbit around Earth. 
Its primary objective is to observe the Io Plasma Torus and Jovian aurora. 
 
 

• OPAG finding:  OPAG recommends that NASA-SMD add a Participating scientist 
program call within a ROSES 2015 amendment to facilitate the further 
involvement of US scientists in the EXCEED investigation on the JAXA Hisaki 
mission.  The results obtained will support ongoing Juno, MAVEN, and HST 
programs within the program period and will better inform the plans for future 
Europa Mission and JUICE investigations.  NASA’s support would provide 
additional rationale for extending Hisaki’s science mission beyond 2017. 



9.  Earth-based observations for missions 
• Earth-based, telescopic observations of planetary objects being studied by spacecraft enable 

greater science return than the mission itself can provide by giving context to the spacecraft 
data, and by observing the object for a longer time or with different instruments.  The 
Galileo, Cassini, and New Horizons missions have already benefitted from earth-based 
observations that yielded contextual information on Io’s volcanoes and Jupiter’s clouds, for 
example.  Future Juno-related science in particular can benefit from use of ground-based 
assets to find hotspots and to predict the location of major atmospheric features to facilitate 
targeting of Juno’s JunoCam and JIRAM instruments.  

• Some of the key elements for such support are non-US assets.  A previous example of such 
support was the use of the National Astronomical Observatory of Japan’s Subaru Telescope 
for New Horizons.   Such support could easily reflect the interests of their own space 
scientists and astronomers.   For example, ground-based support by the Subaru Telescope 
would provide complementary information to the Juno campaign suggested by Astro H / 
investigators that, in turn, supports Juno mission science.   Ground-based support by ESO’s 
Very Large Telescope would also provide direct support for European scientific interests on 
Juno, e.g. the Italian-led JIRAM investigation.  
 

• OPAG finding:  OPAG encourages NASA to support earth-based observations in general 
that leverage greater science return from active missions, including non-US assets. We 
urge NASA to contact key personnel in the appropriate agencies to arrange for such 
support as early as possible. 



OTHER OPAG BUSINESS 
 
  NEW SCIENCE GOALS DOCUMENT 
 
 



New OPAG 
Science Goals 

Document 
 



Science Goals articulated by OPAG 
• Last full document was in 2006 

– “Scientific Goals and Pathways for Exploration of the Outer 
Solar System”:  A Report of the Outer Planets Assessment 
Group (OPAG) 2006 

– Plus the Decadal Survey white paper 2009 
– Plus the Technology Recommendations 2009 

 
• Vision & Voyages is written and that effort is complete 

 
• Going forward, we decided it was time to update the 

OPAG Scientific Goals and Pathways report 
 

• Following that we will update the technology plan 
 



OPAG’s New Science Goals Document  
Motivation 

The “Vision and Voyages” writers are done – OPAG is the voice of 
the outer planets community until the next decadal survey – this 
needs to be a living document 

 

• React to new discoveries 
• Focus on science rather than missions 
 Because 

– A new possibility for Discovery missions to the outer solar system (such as 
IVO, TIME) 

– Need to constructively confront new budget realities 
• Europa Clipper is responsive to the new reality 

• Identify questions that can be addressed with New Frontiers and 
Discovery size missions 

• Like Juno – Juno addresses an important set of questions identified in 
the 2003 decadal survey with a mission approach completely unlike the 
mission described in the 2003 DS 

 
• Prepare for the next decadal survey 

– What to do about our target-rich dilemma? 



New OPAG Science Goals Document 
Approach 

• Identify broad scientific goals (start with science, not missions) 
 

 

• Currently target-body-based, but we’ll compare and contrast, 
and place within context of our over-arching science theme 
 

• (Draft) Over-arching theme:  How did the outer planets mold 
the solar system and create habitable worlds?  
 
 

• Want to get to the point that we specify a science question, 
then say what destination addresses that question 

 

 
• Starting to craft a multi-decadal vision – what’s next after 

Europa? 
 



New OPAG Science Goals Document 
Status 

• Initial draft was written by the OPAG Steering Committee 
– Organized by targets 
– Top 5 – 6 goals, not a lengthy laundry list 

 
• The community has given us feedback and provided more 

content 
– Draft is posted on the OPAG website 

 
• Now we are composing unifying over-arching science 

objectives; Draft threads:  
• Origin and evolution of the solar system  
• Habitability of icy worlds 

 
• This was a major topic at the February 2015 OPAG meeting 

– Invited 5 “luminaries” in our field to talk about future science goals (Jeff 
Cuzzi, Toby Owen, Torrence Johnson, Chris McKay, Scott Gaudi) 



 
  
 

  
CONSIDER THREE MAJOR QUESTIONS: 

  
1. HOW DID EARTH GET ITS VOLATILES? 

2. HOW DID GIANT PLANETS GET ATMOSPHERES?  
(3. IS THERE EXTRATERRESTRIAL LIFE  

 IN THE SOLAR SYSTEM?)  
  
 
 

T. OWEN 
NASA AMES 19/2/15 



JUPITER 

                Conundrum: 
•          Enrichment of C, N, S, Ar, Kr, Xe mixing ratios 

–     
–  CHALLENGES CLASSICAL MODEL FOR GIANT PLANET ORIGIN: 

–            ABUNDANCES SHOULD ALL BE SOLAR 
–  Solution 

– Deplete H2=> No enrichment 

 
 CLASSICAL MODEL PRESERVED 

 
 

T.O. 



 TEST 
Saturn Probe 
 

--Now know C/H = 10x solar 
--Consistent with SmallerMass ratio  H2/Core than    Jupiter 
--Need to know N/H, Ar/H  
Also He/H, D/H,   Ne/H   15N/14N 
And Probe gives much more! 
 
 • Uranus and Neptune 

•                                     Shallow Probes:  ~ 5 bars, μ-wave  ?? bars 
                                               

 
–MEASURE  CARBON, ARGON, NEON, KRYPTON:  ISOTOPES AND ABUNDANCES (  
–H/He,  D/H,        H2S?     N2? 15N/14N? 

 
–                              ENRICHMENT VS. DEPLETION 
            
–                             INTERNAL STRUCTURE  ATMOSPHERE  VS. “CORE”,  T.O. 



OTHER LIFE IN SOLAR SYSTEM? 

• DISTINGUISH ORIGIN FROM ADAPTATION 
• STRANGE FORMS OF LIFE IN WATER ON EARTH ≠> LIFE ON 

EUROPA 
 

• BEWARE MICROBIAL CONTAMINATION!! 

T.O. 



Rings & ringmoons are  
dominated by Roche zone, 

within about 2.3Rp 

CONTEXT: 

Jeff Cuzzi walked us from ring 
systems to formation of the solar 
system 



Mosqueira & Estrada 2003 Icarus  

Satellite systems as a whole dominated by Hill-sphere physics CONTEXT: 

Rings & ringmoons are  
dominated by Roche zone, 

within about 2.3Rp 
 

RH = a(Mp/Msun)1/3 



Mosqueira & Estrada 2003 Icarus  

Satellite systems as a whole dominated by Hill-sphere physics CONTEXT: 

Rings & ringmoons are  
dominated by Roche zone, 

within about 2.3Rp 
 

Satellite system modeling has become very sophisticated; 
need observations to distinguish the models 

(Diverse satellite internal structure and composition)   

RH = a(Mp/Msun)1/3 



The even bigger picture: 

GG and IG systems form  
from local solids and gas,  
in their own subnebulae 



Planetesimals from sticking or “leapfrog” growth? 

Planets move around  
during and after formation 

Nebula turbulent intensity drives transport 
and compositional mixing, but is poorly 

known 

Solids drift relative to gas 
changing nebula composition 

GG and IG systems form  
from local solids and gas,  
in their own subnebulae 

Planetary formation models can be explanatory & contextual, 
but have many parameters,  

thus require many observational constraints! 
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EXPLORATION 
n 1: to travel for the purpose of 
 discovery 

SCIENCE 
n 1: The observation, identification,  
description, experimental investigation, 
and theoretical explanation of phenomena 

Torrence Johnson reminded us of the value of Scientific Exploration 



Future Strategic Issues 
just some of my personal favorites (TVJ) 

• Active satellites 
– It’s been 40 + years since Peale et al. proposed that Io might be active 

due to tidal heating 
– It’s a little embarrassing that we still don’t have satisfying answers 

explaining the history and activity of Io, Europa, Enceladus, Titan, et al. 
 

• Planetary ‘rearrangements’ during and after formation (Nice 
models version XXX and counting) 

 
• Exoplanets!  Find more planets! 

– Work with astrophysics to promotes ways to find more planets for 
which we can get detailed physical and compositional data. 

• Work link to exoplanets into the Outer Planet  strategy 
 



Chris.McKay@NASA.gov               OPAG Feb 2015 

Organics and Life 
 

An important focus for the future of 
planetary science and the Outer 

Solar System in particular. 
 



The search for a second genesis of life 

Aliens:  
not on our tree of life 

⇒ comparative biochemistry  (life 2.0) 
step to understanding the origin of life 

⇒ life is common in the universe (yeah!) 
 
 

"The Tree of Life" 
defines Earth Life 

C. M. 



Where to look for life?   

Mars: past liquid water, no organics (yet), current 
surface destroys organics  

Europa: has ocean,  
No direct evidence of N or organics 

Titan: liquid - not water, organics 

Increasing 
chance of life 
not related to 
Earth life 

Enceladus: has icy jet, 
liquid water, organics, nitrogen 

C. M. 



Organics 

No evidence of organics. 

Organics present in the 
plume.  
 
 
Organics present in the 
atmosphere and surface. C. M. 



Habitability 

Water, and presumably 
nutrients and energy 

Water, organics, N,  
probably redox energy 
 
Liquid (not water)  
redox energy (H2 + C2H2), 
organics (lots) 

C. M. 



Origin of Life 

The only fact we have about the origin of life is that it happened 
more than 3.5 Gyr ago. 
 
We do not know where, when, how it happened, or how long it took. 
 
The view that it occurred on Earth and/or took a long time is 
unsupported by any evidence. 

C. M. 



Scott Gaudi 
The Ohio State University 

ExoPAG EC Chair 

Exoploring Outer 
Exoplanetary Systems. 

 
OPAG Meeting 

February 20, 2015 







Lessons for our solar system. 

• Large-scale migration of giant planets is common.  
• Circular orbits for giant planets are not common. 
• Jupiter+Saturn analogs exist around a minority of 

stars. 
• The dichotomy seen in our solar system is not 

universal. 
• Potentially habitable planets are probably not rare (of 

order ~10%). 

S. G. 



“Big Picture Questions” 

• How do planetary systems form and evolve? (Q1,Q2) 
• How common are solar systems like our own, and why 

is our solar system (apparently) unusual? (Q3) 
• What are the dominant physical processes that govern 

the atmospheres and interiors of exoplanets? (Q3,Q7) 
• What are the nearest exoplanetary systems like, and 

do they harbor potentially habitable worlds, and do 
those worlds harbor life? (Q6) 

S. G. 



Complementarity. 

D
et

ai
l 

Orbits and 
architectures 
 
Rudimentary 
physical 
parameters 
 
Rudimentary 
interior and 
atmosphere 
constraints 
 
Atmospheric 
characterization 
 
Detailed 
properties 
 
Environment 

Outer Solar System 
(Narrow + Deep) 

Exoplanets 
(Broad + Shallow) 

S. G. S. G. 



Connections and Synergies. 

• Primary science goals have substantial overlap. 
• Approaches are complementary. 

– Broad but shallow, versus narrow but deep. 
• Outer SS: small number of objects with lots of information 
• Exoplanets: large number of objects with much less information. 

– Identify dominant physical parameters that dictate 
observables: 

• Use detailed physical models developed for SS objects to identify 
candidate parameters 

• Test these using the wide variations available for exoplanets. 
• i.e., is the total mass in natural satellites proportional to planet 

mass? 
S. G. 



OPAG:  Outer Solar System Vision 

• Study origin and evolution of our solar system 
– With major complementarity with exoplanets 

 

• Investigate habitability of icy worlds 
– To gain insight into the origin of life on earth 

 
• Need to add thread that calls out understanding 

dynamic nature of processes in our solar system… 
importance of time domain  

What’s next?  Baby steps toward implementation; strategic multi-decadal plan  



How do the giant planets mold the solar system and 
create habitable worlds? 

Embrace diversity – explore dynamic worlds 



Worth the journey 

Outer Solar System 
Exploration 



BACKUP CHARTS 



UPCOMING EVENTS 



Juno and the final stages of the Cassini mission 
• After a long successful mission at Saturn the 

Cassini End-of-Mission is planned for Sept. 
2017 when the spacecraft runs out of fuel 
 

• Juno End-of-Mission at Jupiter is extended to 
October 2017  

– Constrained by expected radiation damage 
 

• Similar orbits offer comparable science 
objectives – giant planet interior structure, 
gravity field, auroral studies, magnetospheric 
physics 
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Why should we explore the Outer Solar System? 
Why not just focus on Mars? (Mars is a fascinating planet, certainly worthy of 

exploration, but…) 
 

• Understanding atmospheric circulation – the giant outer planets have entirely different 
atmospheres than the terrestrial planets – understanding them means developing 
advanced fluid dynamics models (that have been applied for example to ocean 
currents) 

• Weather more akin to earth:  Earth is at the mercy of processes today that are taken 
to extremes on Saturn’s moon Titan: a thick greenhouse atmosphere with violent 
rainstorms, desertification, and seas with coastline erosion and climate impact.  

• Atmospheric chemistry and astrobiology - The reducing atmospheres in the outer solar 
system are home to a vigorous organic chemistry that does not occur in the inner solar 
system in the present day, providing an opportunity to study natural production of 
biological building blocks. 

• Magnetospheres – the variety of the outer solar system tests our models and 
understanding of how our own magnetosphere is structured 

• Materials’ behavior in extreme pressures and temperatures not natural on earth – for 
example ice behaves like rock at outer solar system temperatures, but interior to many 
moons may be liquid 

• Exoplanets – most of the new planets discovered around other stars are similar to 
Uranus and Neptune – we have a very limited understanding of our own ice giants 
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Treasures in the Outer Solar System 
• The outer solar system is target-rich.  We’d like to learn more about 

volcanoes on Io, storms on Titan, the rings around Uranus and whether 
Ariel is a frozen version of Enceladus.  We’d like to study geysers on Triton, 
the plumes of Enceladus, and the magnetosphere of Neptune.  And of 
course the highest priority of all is to learn more about Europa, a moon that 
could conceivably have life today in a subsurface ocean.  
 

• We send our robotic emissaries to places too dangerous for humans – that 
doesn’t make those places less worthy of exploration 
 

• Destinations recommended in the Decadal Survey “Vision and Voyages” for 
the upcoming decade: 
– Europa, to learn more about the subsurface ocean and how to access it in the 

future 
– Uranus orbiter, to study an ice giant in our own solar system analogous to many 

exoplanets being discovered 
– Saturn probe, to study the layers under the cloudtops 
– Io volcano observer, to learn the secrets of the most volcanically active place in 

the solar system 



Exploration ends in 2018 with no new US-led missions in development 
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NASA Planetary launches 
to these destinations in 
2003 to 2012. 



NASA Planetary launches in 
the next decade will go to 
only these destinations. 



NASA Planetary launches in 
the next decade will go to 
only these destinations. 

Let’s add Europa! 


	Outer Planets Assessment Group (OPAG) Townhall�LPSC 2015
	OPAG Townhall Topics
	OPAG Overview
	What do we need to do to achieve a healthy program of outer solar system exploration
	OPAG FINDINGS – PRELIMINARY!!
	1.  Get the mission to Europa going
	2.  Looking ahead to assessing habitability
	3.  Maintain Current Mission Support�Focus on Cassini’s Legacy
	4.  New Frontiers 
	5.  A home for outer solar system missions in the Discovery Program 
	Outer Solar System Challenges
	6.  Invest in power sources needed for outer solar system exploration
	7.  Research & Analysis programs
	8a.  International Collaboration:  ESA’s M4 Cosmic Vision
	8b.  International Collaboration:  Exceed Participating Scientists
	9.  Earth-based observations for missions
	OTHER OPAG BUSINESS��		NEW SCIENCE GOALS DOCUMENT��
	Slide Number 18
	Science Goals articulated by OPAG
	OPAG’s New Science Goals Document �Motivation
	New OPAG Science Goals Document Approach
	New OPAG Science Goals Document Status
	� �� �CONSIDER THREE MAJOR QUESTIONS:� �1. HOW DID EARTH GET ITS VOLATILES?�2. HOW DID GIANT PLANETS GET ATMOSPHERES? �(3. IS THERE EXTRATERRESTRIAL LIFE �	IN THE SOLAR SYSTEM?) �
	JUPITER
		TEST
	OTHER LIFE IN SOLAR SYSTEM?
	Slide Number 27
	Slide Number 28
	Slide Number 29
	Slide Number 30
	Slide Number 31
	Slide Number 32
	Slide Number 33
	Future Strategic Issues�just some of my personal favorites (TVJ)
	Slide Number 35
	The search for a second genesis of life
	Slide Number 37
	Slide Number 38
	Slide Number 39
	Slide Number 40
	Exoploring Outer Exoplanetary Systems.��OPAG Meeting�February 20, 2015
	Slide Number 42
	Slide Number 43
	Lessons for our solar system.
	“Big Picture Questions”
	Complementarity.
	Connections and Synergies.
	OPAG:  Outer Solar System Vision
	Slide Number 49
	Slide Number 50
	BACKUP CHARTS
	UPCOMING EVENTS
	Juno and the final stages of the Cassini mission
	Why should we explore the Outer Solar System?
	Treasures in the Outer Solar System
	Slide Number 56
	Slide Number 57
	Slide Number 58
	Slide Number 59

