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Introduction:   
 
These are the themes of the conference that this ab-

stract focuses on: 

ORIGINS — understanding formation and evolution 
of solar systems (including exoplanetary systems) 

WORKINGS — understanding how the processes in 
our solar system operate, interact, and evolve 

LIFE — improve our understanding of the origin and 
evolution of life, including Earth analogs, to guide our 
search for life elsewhere 

Origins: 

From Viking and Voyager, followed by our initial 
survey of nearby comets and asteroids and the outer 
planets, we have learned that our simple concept of 
how the solar system and life began is fraught with 
unanswered questions. A plan and outline for the next 
decades of key measurements within the solar system 
necessary to determine these fundamental truths is 
presented.  We start with an overview of the im-
portance of water throughout the universe, encompass-
ing both the origin of life as well the more fundamental 
aspect of the fact that oxygen is the third most abun-
dant element (of ordinary matter) in the universe fol-
lowing only Hydrogen and Helium.  The importance 
and dilemmas of isotopic ratios and noble gases will be 
presented.   

 
Abundance of Water on Jupiter: Implications  

 
• Oxygen is the remaining key element 

abundance “unknown” from the Galileo 
Probe 

• Oxygen discriminates among theories on 
how Jupiter’s heavy element enrichment 
occurred.   

• Oxygen constrains mass of Jupiter’s mo-
lecular envelope 

 
Giant Planets After Juno, Galileo and Cassini 
 
To understand the origin of the Solar system we have 
to understand the origin of the Giant planets. We have 

a large amount of information about Jupiter and we are 
gaining more with mission Juno. To understand this 
fully we need a context and that means we need to 
study the Gas Giant and Ice Giant planets with the 
same level of detail.  Understanding the atmospheric 
composition (enrichment of heavy elements) and the 
interior structure of the Saturn, Uranus and Neptune is 
essential.  
 
We propose to use orbiters with probes. This would be 
essentially a combination of the Galileo probe carried 
by an orbiter with a payload similar to that of Juno. 
Sucha mission will satisfy our goals. To complete the 
picture of Giant planet origins we will need compara-
ble missions to Saturn, Uranus and Neptune. We could 
reduce costs by developing a common spacecraft for 
missions to all three giants.  Comparing the planets 
with more composition of the multiple asteroid, dwarf 
planets, and comet populations is required. 
 
Small Bodies after Rosetta, Dawn and Deep Impact 
 
To complete the picture of the Giant plant origins we 
need to know the composition of the planetesimals that 
form their cores. This means we have to study the as-
teroids, comets and the small icy bodies presently in 
orbit around the Sun. We now know that all comets are 
not alike and we have to gain an understanding of the 
variety of these objects. 
 
The concept is to develop a fleet of small space-
craft/cubesat investigations to comets, asteroids, Tro-
jans, Centaurs even KBOs – these investigations carry 
out as single purpose sentinels with specialized tech-
niques for both remote sensing and in situ capabilities. 
For example, one could have a small s/c that per-
formed long distance surveillance looking for volatile 
release. Results from the volatile survey govern deci-
sions to deploy additional s/c for volatile investigation 
and mineralogical surveys. This would provide an effi-
cient survey of a large number of small bodies, which 
is essential for determining the statistical variance of 
small bodies. 
 
We therefore propose the development of three small 
spacecraft outfitted with three different instrument 
compliments. The first is a long range surveyor that 
contains a wide angle camera and a micro-
wave/submillimeter for volatile detection and determi-
nation of the D/H ratio in water. The other two small 
satellites will provide the detailed reconnaissance of 
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the identified targets. One of the small satellites con-
tains an infrared camera primarily for detailed miner-
alogical analysis and the other small spacecraft con-
tains a mass spectrometer for detailed volatile isotope 
and noble gas analysis of bodies identified by the sur-
veyor as outgassing volaitles. Ideally the survey should 
permit visits to multiple targets (five comets and five 
asteroids).  
 
Small bodies of major interest identified through this 
initial investigation can then be visited by a spacecraft 
with greater payload or sample return capability as 
warranted. In recent years, the concept of asteroids 
being rocks and comets being iced has been demon-
strated to be incorrect.  We now know there are main 
belt comets and asteroids that have volatile outgassing.  
It is essential to inventory the composition of all of 
these types of small bodies.   
 
 
Future Missions and Science Goals 

 
• Juno w/Probes at Saturn, Uranus and Neptune 

 
• Missions that can obtain a Survey of Small 

Body Volatiles (survey D/H and isotopes at 
many comets, dwarf planets, and asteroids) 

 
• Eventually, Sample returns of various catego-

ries and populations of Small Bodies  
 
WORKINGS: 

This topic overlaps with Origins, but it specifically 
covers the question of delivery of volatiles to the inner 
planets by small bodies. This requires the harvest of 
isotope information for hydrogen, oxygen, nitrogen 
and the noble gases as described above. It also covers 
the question of heavy element incorporation into the 
giant planets and how this changes as a function of 
heliocentric distance. 
 
LIFE: 
 
Mars Strategy  
Search for life in regions that currently have liquid 
water.  At Mars, we propose to search “damp” loca-
tions, collect samples for analysis in ultra-clean labora-
tories on Earth.   
 
This approach to finding life on Mars has two funda-
mental improvements over previous attempts: 
 

a. Samples have recently been in con-
tact with Mars water. 

 

b. Samples are analyzed by the most 
sensitive protocols on Earth. 

 
Europa Strategy 
Is there an ocean of liquid water beneath Europa’s icy 
crust? If there is, is it possible that life has begun and 
survived in this environment? 
 
Send a bomb to break a hole in the ice with a “chase 
plane-s/c” that follows it and takes movies of what 
happens. The chase plane could be equipped with an 
high resolution mass spec (i.e. MASPEX) to analyze 
the plume produced by the explosion. At that point, 
scientists can assess the situation and decide on the 
next step. This is the bottom rung of the ladder used to 
detect life on other worlds. 
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