Appendix C: Relevance/Benefit to other NASA Missions/Priorities
C.1 Planetary Missions
The CM motivates new studies synthesizing data from current and future missions throughout the Solar System, such as the two-spacecraft ARTEMIS mission now orbiting the Moon and future exploration of airless bodies such as OSRIS-REx at Bennu.

Diviner is the first instrument to observe an airless body with multiple thermal infrared wavelengths across a wide range of illumination conditions.  As such, Diviner data and analysis techniques are essential for interpreting new datasets that will be collected by upcoming missions to other airless bodies, specifically orbital data of Bennu (OTES on OSRIS-REx) and Mercury (MERTIS on BepiColombo), and more generally to disk-averaged spectra of multiple asteroids (MIRI on JWST). The extreme effects of the near-surface thermal environment on mineral spectral signatures, routinely incorporated into Diviner’s compositional analysis, inform our understanding of thermal infrared spectra returned from these instruments. New measurements by Diviner, collected with a wider range of viewing geometries, will elucidate surface texture at scales unresolved in visible imaging and will also greatly improve our ability to model heat transfer on other airless bodies. For asteroids, these improvements are essential for understanding effects such as orbit drift due to differential surface heating and cooling (i.e. Yarkovsky effect). For Mercury, understanding how heat is re-distributed will enable a better understanding of how volatiles are transported and trapped in craters at the Hermian poles.

The CRaTER team will continue to collaborate with teams operating instruments at Mars. For example, to understand how SEPs impact Mars, it is important to synthesize data from CRaTER, the Solar Energetic Particle (SEP) instrument on MAVEN, and the Radiation Assessment Detector (RAD) on the Mars Science Laboratory. This synthesis provides a complete picture of how SEPs propagate from 1AU to Mars’ orbit, affect the Martian atmosphere, and impact the surface.

C.2 Future Lunar Missions

LRO collects data critical for the success of future missions to the lunar surface. Initially, LRO collected a focused and high-quality dataset for 50 regions of interest that were identified to be of high scientific priority for future exploration. These sites were targeted for NAC imaging at various illumination conditions, geometric stereo for generation of DTMs (Appendix K.3), as well as observations by other LRO instruments that identify hazards and locate resources. Since these initial observations, additional sites of high science value have been targeted following up on discoveries from recent mission data. However, NAC stereo observations and photometry sequences cover only a small percentage of the lunar surface (2% stereo coverage, <1% photometric coverage) and more observations are needed to conduct further investigations to plan possible future landed missions. In addition to geometric stereo and photometric image sets, larger NAC “featured mosaics” (Foldout 2) are useful for scientific interpretation, but are still relatively sparse, except near the poles. Targeted NAC imaging for geometric stereo for generation of the highest resolution DTMs is essential for safe landing and surface operations. Robotic missions require high-resolution data for safe landing site hazard assessments. For hazard avoidance, NAC DTMs provide slope information at resolutions as high as a 2 m/pixel baseline for terrain classification. Full resolution NAC images with favorable illumination permit boulder identification at NAC pixel scales. Correlated photometric data and Diviner rock-abundance data permit extrapolation to small block sizes.

Missions that benefit from data collected in the CM include New Frontiers mission concepts (NRC, 2011), including South Pole-Aitken Basin sample return and seismic network missions as well as numerous Discovery mission concepts, a polar lander such as Resource Prospector, missions conducted by humans either by teleoperation or surface operations, international missions, and potential commercial missions. It will be many years before another mission with the imaging and sensing capabilities and resolution of LRO returns to the Moon; we need to collect these data now. We will increase the percentage of coverage by geometric stereo in areas covering representative and key targets, as well as areas requested by the scientific community (Section 1.8). The LROC team continues to create geometric stereo targets for potential future mission landing sites, and access to the scientific community for such target requests is available through the LROC public web interface.

C.3 Benefits to Human Exploration and HEOMD

LRO provides critical data for future landed missions by identifying resources and lander hazards, and by providing information needed to address other HEOMD Strategic Knowledge Gaps (SKGs).  In 2012, the lunar exploration community compiled and defined a set of SKGs for lunar exploration, encompassing measurements and investigations required to enable human habitation of the lunar surface. A subset of the Lunar Exploration Analysis Group SKGs has also been highlighted by the International Space Exploration Coordination Group (ISECG). The proposed measurements to be made during the CM are highly relevant to addressing the lunar SKGs.

Polar illumination mapping: Combined illumination models (LOLA and LROC) to map sunlit regions over time, which can be validated using a combination of Diviner temperature maps and thermal models. The CM enables detailed diurnal and seasonal mapping of lunar polar regions relevant to polar exploration mission site selection.

Understand the composition/quantity/distribution/form of water/H species and other volatiles associated with lunar cold traps: CM observations (LROC NAC, LROC WAC, Diviner, LEND, and LAMP) facilitate accurate constraints and locations of cold traps, the correlation of the cold traps and permanent shadowed regions, and the accessibility of cold traps. CM observations will also be key for the upcoming Lunar Flashlight mission.
Lunar geodetic control and lunar topographic data: The CM is required to enable global meter-scale high and low-sun NAC coverage. Increasing the amount of NAC DTM’s data is critical for future exploration planning and lowering the cost of future human lunar exploration.

LRO provides critical data for future landed missions by identifying resources and lander hazards, and by providing information needed to address other HEOMD Strategic Knowledge Gaps. Observations from LRO also is critical for Resource Prospector (RP), a AES concept to launch ~2020. RP will rove near the lunar south pole and search for volatiles both inside and outside small PSRs. Characterization of landing sites and hazards as well as the distribution of volatiles provided by LRO instruments will be critical for choosing RP’s landing site and traverses.

In addition, CRaTer and LEND observations provides insight into the radiation environment in cis-lunar space. Over the past decade, solar activity has been lower than any other time during the Space Age. Solar wind density and magnetic field strengths are at the lowest levels ever recorded. The recent solar minimum between cycles 23 and 24 is the longest in 80 years, and the low activity continues into cycle 24. Although this decreased activity has reduced the average fluence of solar energetic particle (SEP) events, it has also caused the highest fluxes of galactic cosmic rays (GCRs) in the Space Age. These unusual solar conditions have affected the possibility of human space exploration in unexpected ways.

The declining phases of solar cycles are when the largest SEP events have often occurred. The SEP event in August 1972—one of the largest of the Space Age—occurred during the declining activity of the weak cycle 20. Because the CM covers the declining phase of cycle 24, the CM is critical for understanding SEP behavior in this new era of solar activity. LRO’s observations, when interpreted in the context of observations at Earth and Mars, are essential for planning future human exploration missions.
C.4 Heliophysics

The changing state of the Sun raises fundamental questions about the origin of solar transients and creates new opportunities to test our understanding of these transients in coronal conditions never before observed. CRaTER and LEND have directly observed the effects of the anomalous behavior of the Sun on cosmic rays and SEPs. In addition, it is critical to improve our understanding of the impacts of worsening space weather hazards, radiation and interactions in geospace and planetary systems throughout our Solar System. And connecting these diverse systems to astrophysical behavior observed at other stars and planets addresses new fundamental questions concerning astrophysical space weather and its impacts on habitability in these remarkable systems.

CRaTER and LEND observations provide essential context for deep space GCRs and SEPs that are compared to events observed by STEREO, Van Allen Probes, MMS, ACE, Wind, and SOHO. The CRaTER observations of GCRs continue to be important for understanding how the GCR conditions in the local interstellar medium, and variations in our heliosphere observed by IBEX, Voyager 1 and Voyager 2 influence the evolution of GCRs at 1 AU. This comparison between GCRs within and outside our Solar System provides the ability to determine how GCRs are modulated throughout the Solar System.
