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Introduction - Tempe:  In February 2007, 

NASA’s Lunar Reconnaissance Orbiter (LRO) mission 
was still in development. LRO’s initial mission goals 
were responsive to the NASA Authorization Act of 
2005 and to NASA’s 21st Century Vision for Space 
Exploration (VSE), namely, to enable a safe return of 
humans to the Moon. LRO’s science payload consisted 
of seven instruments designed to quantify various as-
pects of the lunar terrain and environment needed for 
human exploration of the Moon.  One of those instru-
ments, the Cosmic Ray Telescope for the Effects of 
Radiation (CRaTER) [1], was still in Phase C/D in late 
February 2007 when the NASA Advisory Council Sci-
ence Committee held the “Workshop on Science Asso-
ciated with the Lunar Exploration Architecture” in 
Tempe, AZ.   

The “Wargo Axiom”: At that meeting, the 
CRaTER science team laid out the various science 
goals that could be accomplished with their instrument 
which had initially been designed (and selected) for 
human exploration but which nevertheless could also 
accomplish new science.  Mike Wargo, then Chief 
Scientist for NASA’s Human Exploration and Opera-
tions Mission Directorate (HEOMD), passionately 
promoted the notion that “Exploration enables science, 
and science enables exploration”, a mantra that became 
known as the “Wargo Axiom”.   Even  before LRO’s 
launch, the science payload teams were already imag-
ining the science opportunities that LRO could enable 
as the first of the HEOMD VSE missions. 

Beyond Tempe: The NASA community now re-
turns to this topic at the “Deep Space Gateway Science 
Workshop” to be held in Denver, CO in late February 
2018. In the 11 ensuing years since the Tempe meet-
ing, the CRaTER science team is representative of a 
broad part of the science community that has realized 
the Wargo Axiom.  We completed the build, calibra-
tion, delivery, and integration of the CRaTER flight 
unit between 2007 and 2009.  In September 2009,  the 
LRO mission was launched to the Moon. LRO com-
pleted its primary HEOMD-inspired mapping mission 
by September 2010.  During that prime phase, the  
LRO mission and CRaTER met or exceeded our 
HEOMD exploration goals.   

Starting in September 2010, the LRO mission tran-
sitioned from HEOMD to the Science Mission Direc-
torate (SMD).  LRO spent the next two years as a sci-
ence mission, accomplishing lunar and heliophysics 
science through September 2012.  LRO’s prime sci-
ence mission made clear that instruments designed for 
exploration could accomplish great science.  As with 
other LRO instrument teams, the CRaTER science 
team turned its attention to how the remarkable data 
from an exploration platform could be used to explore 
new science topics.  Many of the exciting discoveries 
from this first science phase would not have happened 
otherwise. LRO science continues to date, going 
through first and second extended science mission 
phases with a long string of science accomplishments 
and discoveries. 

On to Denver: In this paper, we present a retro-
spective of this 11 year period from the perspective of 
the CRaTER science team. We review the synergies 
between exploration enabling science and science ena-
bling exploration from the point-of-view of space radi-
ation.  The physics and chemistry (and sometimes bi-
ology) of ionizing radiation caused when energetic 
particles pass through matter remains one of the most 
significant risks to human exploration.  The processes 
which accelerate and transport these charged particles 
remains a vibrant topic of study in space plasma phys-
ics.  The role that these particles play in modifying the 
surfaces of solar system bodies has emerged as an im-
portant new area in planetary science.  Through related 
studies since LRO’s launch, we demonstrate how these 
intertwined topics are driven by exploration needs, 
which in turn have fueled scientific discovery in multi-
ple parts of SMD. 

To the Gateway:  The CRaTER instrument re-
mains fully functional and is in excellent health even 
after eight years of flawless operation, both as an ex-
ploration radiation monitor and as a multi-faceted sci-
ence instrument.  We point out that both exploration 
and science capabilities would be greatly increased if 
we possessed multi-point measurements of the radia-
tion environment, ideally with an identical instrument 
to CRaTER.  We note that such as an instrument exists 
and at dimes on the dollar.   
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During the prime LRO development, the CRaTER 
instrument team developed a fully-functional, fully-
qualified flight spare.  The instrument is designed to 
operate on a robotic spacecraft and so requires no sup-
port from a flight crew; the instrument operates com-
pletely autonomously.  The flight spare has a mass of 
~5.5 kg, consumes about ~6.5W of power in normal 
operations; the characteristic length in each of the three 
principle axes is ~30 cm.  For optimal operation, the 
telescope should have unobstructed views above and 
below the principal axis.  A photograph of the 
CRaTER instrument is shown below. 

 

 
 
The CRaTER flight spare has remained in bonded 

storage  and is available for flight to the Deep Space 
Gateway at a small fraction of its original development 
cost.  It would provide a second  or continued meas-
urement of a well-proven and well-understood data 
product valuable for human exploration, complement-
ing those measurements available from the CRaTER 
instrument still orbiting the Moon on LRO.  Finally, 
we discuss the science enabled by dual measurements 
of this sort, as well as the advantages for exploration 
and science if deployed to various exploration destina-
tions. 
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