Summary of the Open Sessions at the

August 26-28 Inner Planets Panel of the Planetary Science Decadal Survey

Washington, D.C.

Patrick Whelley and Andrew Poppe

Introduction


The Inner Planets Panel meeting for the Planetary Science Decadal survey was a three-day meeting held at the National Academy of Sciences in Washington, D.C. The panel met to inaugurate the Inner Planets Panel and to begin work on defining the overarching scientific themes for Mercury, Venus and the Moon. The Panel heard presentations from NASA, the NSF, the Steering Committee, VEXAG, the MESSENGER mission, CAPTEM, APL, JPL and Goddard Space Flight Center.


This report was prepared by two graduate rapporteurs selected by the NAS and captures the main topics discussed, without representing any specific individual views. An acronym list is attached.

Day 1:
August 26, 2009

Charge to the Decadal Survey Committee

James Green/George Tehu

The decadal survey is about reviewing the field scientifically and determining what observations need to be made and what missions can be flown to answer these questions. It was stressed that the scientific goals of the community must be the priority, but also that the Survey needed to take into account the realities of budget and technology during their considerations. It was added that the panel should not assume that currently funded programs will continue based on historical precedent, but rather that the panel should assert continued justification for programs, if those programs are still desired. The utility and importance of the Decadal Survey to the legislative process was outlined, noting that the Decadal Survey is often used by legislators and NASA to defend the budget. The survey report should emphasize priorities and not expectations and provide recommendations starting with the 2011 fiscal year budget in mind. Delivery of this decadal survey will be in the first quarter of 2011, when NASA will be working on the 2013 budget. 

The relationship between NASA and the Survey was outlined, with each panel having a liaison from NASA. For the Inner Planets Panel, this representative is George Tehu. For the mission concept studies, it was requested that the panel designate one member for each study as a point-of-contact (or “Science Champion”) in order to facilitate the study process and ensure that the studies are done to the highest degree. The importance of accounting for technology readiness levels and R&D investment in the survey and mission studies was discussed. It was outlined that missions occurring during the purview of the panel (basically the next decade) were open for discussion and review by the panel, while missions that have a “new start,” or committed money, were not up for discussion. It was also stressed that the Survey should be conducted separate of any influence from NASA, and that NASA and the NAS should act independently. 

Discussion 

· The Keck telescope is funded through astrophysics. It is therefore not necessarily within the purview of this panel.

· There needs to be a clear list of assumptions about technology readiness so the panels and mission assessors have a consistent understanding.
· Any mission that does not have dedicated money (in the form of a “new start”) is up for discussion. There is no dedicated Mars exploration program budget. Mars must compete with the rest of the solar system. The panel cannot recommend canceling missions that have dedicated funds (the Jupiter Europa System mission is expected to be in President Obama’s Fiscal Year 2011 budget). The panel can (and should provided there exist appropriate science rational) recommend continued support for missions with dedicated funds. 

· The cost of plutonium for missions would be part of a cost estimates. The cost of building the facility would not; the Department of Energy would pay for that.

· The timing of this Decadal Survey was decided in order to give the panels more time to make a complete and balanced product. Congressional legislation mandated that it happen. A midterm report was also asked for by Congress.  

NSF’s Support for the Planetary Sciences (Joint)

Nigel Sharp

The NSF funds many areas of planetary sciences, with the large exception of payloads. They do fund research and laboratory work. The budget of the Astronomical Sciences Division has doubled in the last ten years. In response of an internal review and a decrease in astronomical funding, the Arecibo radio telescope will likely be downsized. The NSF will have to balance the recommendations of this panel and the ASTRO2010 decadal survey recommendations. 

Discussion

· ASTRO2010 is 9 months ahead of the Solar System Exploration Decadal Survey.

· There are number of things that are crucial to planetary sciences but are traditionally not funded by NASA included in the report. 

· Planetary analogue studies could be funded by NSF, but on a case-by-case basis, contact them, and keep contacting them until a sympathetic person is found.

· Submitting the same proposal to NASA and NSF is acceptable, just be honest.  

· Ask NSF how to ask for money; start with Nigel Sharp.

· Joint funding between NASA and the NSF is possible and has some limited historical precedent.

NOSSE Perspective on the Last Decadal Survey

Stephen Mackwell
NOSSE was a mid-decade review of the last decadal survey. It identified additional missions that should be included in future mission announcements of opportunity and how the standing mission list should be changed. Principal criticisms of the previous survey are that some missions were too well defined, while others were too poorly defined. How well a mission satisfies science goals should be a driver in selection, rather than cost. Over definition of missions hinders this. Enabling technologies should be a plus for missions.

An overview of the New Frontiers mission selection process was provided, and it was noted that five more missions had been added to the New Frontiers list of possible missions, but that they were not prioritized. It was noted that the primary decision mechanism had become cost and Technical Readiness Level (TRL), rather than the underlying science goals. A discussion involved ways to improve the mission definition ensued, with comments including that a one-style mission design could be dangerous and that providing scientific and mission “boundaries” would be a better way to design missions. All mission studies will be published as public record, whether or not the panel recommends the final product. One panel member noted that cost, rather than science, could still become a driver for missions.

The mid-decadal review process was also outlined, in which the progress of NASA and the NSF towards achieving the goals set out by the Survey is assessed and any recommendations made.

Discussion

· For the study and cost model the panel will have to be specific, but the payload used for the studies should be considered an example payload.

· If a mission is costed and turns out to be a dead end, it does not need to end up into the report. However, all of the studies will become public. The panel can decide how specific they are when describing the mission architecture. The focus is the science not the mission architecture.

· Articulating a minimum level of science and bounding additions could be a way of enabling creativity.

· Generic technology support is important to include in the report.

Day 2:
August 27, 2009

International Lunar Network:  Programmatics

George Tahu, Barbara Cohen and Julie Bassler

The International Lunar Network (ILN) is an initiative by nine space agencies to achieve network science at the Moon. NASA involvement in lunar network science has been remanded to the decadal survey for prioritization. Passive and active geophysical experiments from 2 or 4 landers (to act as “anchor nodes” for the ILN) are proposed to determine the interior structure and composition of the Moon. Current plans are for a 2018 launch and 6 years of continuous operation. The spacecraft architecture concept is mature, and the same design could be morphed into another mission. The current design falls in to the New Frontiers cost bracket.

Discussion

· The 9 space agencies are collaborating through working groups with wide ranging science priorities.

· Without funding recommended by the decadal survey, funding does not exist to move forward with network science.

· GRAIL will not uniquely determine the interior structure of the moon, the ILN will.

· Once a geophysical network is emplaced on one body, it becomes easier to design and fly one for another planet.

· None of the Apollo geophysical experiments could be turned back on. 

· Velocity stricture and unique location are attainable only if 4 or more nodes are sent. Two landers forms a floor mission while four landers forms a full science baseline mission.

· Plutonium has been set aside for ILM and includes enough for 4 ILM nodes.

· Nighttime science is a higher priority than 4 nodes. The instruments must be operational simultaneously, and there is not a configuration where all 4 landers would be in the sunlight simultaneously.

· The team has not incorporated hazard avoidance for landing. They have considered using precision landing, and it would be easy to add. They could also use the statistics of landing on an obstacle as a method of mitigating landing hazards.

· Mitigating vibrations from the ASRG and changes in the solar environment are technology challenges. These ideas still require technology development.

· The seismometer will be placed on the ground. Coupling to bedrock is impractical, and Apollo results suggest it is unnecessary.

· Depending on the geographical placement of the landers, it would be possible to detect trans-core energy travel.

· If the science returns from both nuclear and solar powered missions are similar, plutonium may be withheld for insufficient justification.

· The nodes could land on highlands or mare.

· There will be pressure to add instruments to the landers to explore the new sites where the seismometers are sent.  

· Need to develop adequate modeling efforts in order to be able to interpret the ILN data to constrain different models of the lunar interior.

· Priority with LEAG: comes in 3rd, after LASER and LADEE.

Mercury After MESSENGER

Sean Solomon

MESSENGER is currently providing data to address high priority science questions outlined by the COMPLEX report, including surface composition as well as the nature of the magnetosphere and exosphere. Using exaggerated color schemes, mapable geologic units are already discernable. Most of the planet will be imaged at 200 m/pixel. Early spectral results suggest that the surface of Mercury is depleted in iron (similar to lunar highlands). A laser elevation map will be produced for more than half of the surface (the northern hemisphere). MESSENGER will ask for an extended mission through 2013, the length of which will be determined by the remaining amount of propellant. BepiColombo, an ESA/JAXA mission, will improve the resolution of surface maps and has similar objectives as MESSENGER. This spacecraft is currently being built, is expected to launch in 2014, and will operate through 2020. The Mercury science community suggests that a Mercury lander to obtain ground truth and higher fidelity composition measurements is the next step.

Discussion

· An approximate upper limit of MESSENGER lifetime is likely 2 or 3 years of orbit through 2014 or 2015 depending on propellant conservation.

· The Mercury community suggests that geophysical networks are lower priority than sample return and a lander, even though theory suggests that the interior of Mercury is active (planetary cooling). It is difficult to predict how long a seismometer network should operate. Longer is better. A capable lander would be able to leverage results from MESSENGER and BepiColombo.

· Even though there is not orbital radar currently planed to fly to Mercury, an in-situ determination of composition is of higher priority. A significant amount of orbital observations will have been made by MESSENGER and BC.

· Q: What technology development would be useful? A: miniaturization of capable chemical analysis instruments would be very important and not only for Mercury. Also high temperature electronics would be useful. 
· Q: Could external impact and subsequent ejecta be effective at ground truth? A: not sure.

Strategies for exploring the inner planets

Sean Solomon

Missions flown have not matched well with the high priority science questions from the previous Decadal Survey. Comparative planetology should drive the science questions. The evolution of magnetospheres, developing in-situ age dating techniques, understanding internal dynamics, and the connection of planetary interiors and climate are all avenues of studying comparative planetology. New funding lines and technology advancement are necessary for relevant missions. 

Discussion

· Sending even a limited number of seismometers could put bounds on interior structure 

· Climate change is connected to lithospheric heat flow as well as atmospheric insulation. The two are difficult to decouple. 

· In-situ dating techniques are in fact being developed. These efforts need more support.

· Comparative planetology should be a major focus of the Inner Planets Panel, however, there is not necessarily a ready audience for that.

Venus Flagship Mission Study

Mark Bullock

The study addressed the costs and constraints of a Venus flagship mission. The study cost about $1 million and was not as in depth as the Titan and Europa flagship studies. The studied mission design was driven by three science questions: 

· How does the greenhouse effect work? 

· Is Venus geologically active? 

· When and where did the water go? 

The science merits of seventeen mission architectures were compared and successively filtered. The architecture with the most merit included an orbiter and two in situ elements, each with a balloon and a lander. The mission would launch in 2021 and arrive at Venus in 2022. The cost is estimated to be $2.7 to $3.8 billion dollars. NASA should look into international cooperation on such a mission. Additionally, there is a large amount of required technology development for this mission.

Discussion

· The sulfur flux at Venus must be a few times higher than the flux on Earth to supply the observed sulfur in the clouds.

· The cost of technology development, necessary for the mission, is not included in the 2.7 to 3.8 billion-dollar estimates. DSN support for Ka band communications is scheduled to exist by 2020.

· The technology developed here could be adapted for use exploring Mercury.

· There is potential to break the mission into pieces to send as New Frontiers, but some atmospheric dynamics assessments will be lost without coordination. However, without a Venus program, sending all of the appropriate missions in sequence is doubtful.

· The floor (minimum science) is to send the orbiter only, at a cost of about $1 B and even then a high degree of science could be accomplished; the next priority is sending one lander.

VEXAG Priorities and Plans for Exploration of Venus

Susan Smrekar

VEXAG has prepared approximately ten white papers for the survey. This presentation represents one of those papers. Understanding Venus and how it is different than the Earth is essential for understanding how terrestrial planets evolve. Studying Venus can even help us understand the Earth and our climate. Using orbiters and balloons, many important science questions can be answered within the Discovery program. Using landers likely requires New Frontiers money.

Discussion

· Venus climate modeling could start today, but new measurements are necessary to make models that can reliably approximate atmospheric conditions.

· Q: Do we think that those of our colleagues that study Earth would think it is worth spending their money on going to Venus? A: not many, but there are people that study all planetary atmospheres that could be persuaded. There are lessons being learned about climate model assumptions when GCMs are applied to planets other than Earth. Comparative planetology could be a bullet point but not likely a mission driver. If there is an endorsement to be had from terrestrial climatologists, it should be explored. The approach could be to fly to Mars the same instruments that climate scientists use on Earth.

· Discovery-class mission could be used to explore important Venus science questions, although they would most likely be only single platform missions (ie. just an orbiter or just a balloon).

· The three most important Venus missions in order of priority are:

· Venus In-Situ Explorer, Venus Atmospheric Explorer and Venus Geophysical Satellite

Open Questions for Mercury, Venus and the Moon


James Head, III 

Predicting the future is difficult to do; therefore, you must be flexible. Some progress has been made over the last decade, but large questions still remain. Comparative planetology is important for all of the fundamental geologic processes. There are remaining questions for Earth science. Single plate planets can be thought of as preserved laboratories to study the early solar system. The planetary community should talk to the terrestrial community and the heliophysics community. Future needs for the inner planets include: balloons and landers on Venus, landers and sample return on Mercury, in-situ geochronology technology, geophysical networks on and robotic sample returns from the Moon, technology and data storage infrastructure tools.

Discussion

· Add terrestrial laboratory support to the list of aspects to fund.

· A general concern regarding “balkanization” of various sub-disciplines within NASA; need to encourage cross-discpline work.

· Need to interact with broad cross sections of the community at various professional conferences (AGU, DPS, LPSC)

· The Sun is a critical component for understanding the evolution and current state of the terrestrial planets. It should not be pushed off as part of Heliophysics.

· People are not thinking about a sample return program and producing the technology necessary for sample return as a package.  Technology money should be allocated to this program.

· Think broadly in time in terms of a sustained exploration program for all of the inner planets spread over 50 years. Look for international cooperation for achieving these goals.

· Within the comparative planetology theme, sample return is the highest priority or ultimate goal for each (and all) of the inner planets. 

· Planning for new lunar mission should remain flexible due to the large amount of scientific results which will be returned in the next few years from LRO, LCROSS, Chandrayaan, etc.

Mission Studies and Technical Assistance 1  (JPL)

Kim Reh/Robert Moeller/Chet Borden/Keith Warfield

JPL will provide Rapid Mission Architecture (RMA), Team-X, or in-depth level of mission study. Study types increase, respectively, in detail and amount of time and money. An RMA study would take 2 to 5 weeks to explore tens of mission architectures prioritized based on science, risk and cost (all relative). A Team-X study would take a few weeks depending on complexity and determine mass, power, cost, and technology development needs, and return a report ready for an independent cost estimator. An in-depth study would take 2 to 4 months and provide higher fidelity technical baseline and cost estimates of full missions or parts of missions. The length and cost of in-depth studies can scale considerably with the proposed mission design. They are most appropriate for missions with large amounts of complexity, high cost (Flagships), or are outside the “family of missions” within the experience of JPL. All studies need a science champion from the panel.

Discussion

· JPL uses a “Concept Maturity Level” (CML) scale for assessing the readiness of the specified mission design. RMA is CML 3, Team-X is CML-4 and an in-depth study would be CML-5. For comparison, an actually flown mission is ~CML 7-8.

· The risk modeled in an RMA study includes 2 kinds of risk. Implementation risk includes staying under cost estimates, and mission risk includes the risk of acquiring the data.

· For the purposes of the decadal survey, more than an RMA is necessary.

· The 5-week time estimate includes writing the report; there would likely be actionable results in 2 weeks. Missions that are mature enough can move directly into a Team-X study.

· An independent cost estimator will make cost estimates for this study. However, cost estimates from the mission studies (JPL, APL, GSFC) should be used for reality checks along the way. The independent cost estimator should not be used iteratively but when missions are fully developed. 

Mission Studies and Technical Assistance 2 (Joint)

Bill Cutlip

Goddard Space Flight Center (GSFC) will perform mission studies in the Integrated Design Center (IDC) that includes an Instrument and a Mission Design Laboratory (IDL and MDL). The IDC can produce studies across a spectrum of maturity levels and their product is ready for delivery to the independent cost estimator. GSFC is comfortable studying missions from Discovery class up to a medium flagship. They are willing to study whole missions or parts (instruments only) and have extensive experience. 

Mission Studies and Technical Assistance 3 (Joint)

Eric Finnegan

The Applied Physics Laboratory (APL) will perform mission studies in the Space Department using a Basic Trajectory Analysis, Preliminary Concept Evaluation, and a Full Conceptual Design. These studies cost tens of thousands, fifty to one hundred thousand, and a few hundred thousand dollars respectively depending on the needed level of analysis. A preliminary study would take three weeks or more depending on complexity or iterations, and a full study would produce a product ready for an independent cost estimator.  
 Discussion

· People who have “day jobs” are asked to work on the specific mission study depending on their expertise

· APL can provide instrument evaluations, If they do not have the capability for a specific instrument, they will be honest

· APL uses all of the standard cost models, Price H, and the Aerospace Model. The price model is used that is appropriate for the particular mission. 

General Discussion

· Q: How does the schedule of the mission study phase work? A: The absolute latest a study can start is February. Earlier is definitely better. The panel will work to have all of their requests in to the centers before October. Broad science themes will be worked through Sep and Oct and ready for the Nov meeting.

· Technology assumptions were missing from the last Decadal Survey. Too much weight was given to a single person’s cost reckoning. This needs to be kept in mind for this survey. 

· Effort needs to be made to ensure uniformity across the 3 centers that will be providing the studies. One way this will be done is by having the independent cost estimator sitting down with each center to standardize their input.

· The steering committee will be meeting with the DSN. It might be a better use of time to watch their teleconference instead of inviting them to this panel

· Expansion to human exploration needs to be a discussion item in the future. Perhaps it falls to the steering committee. 

· The compartmentalization of NASA and exploration priorities should be discussed in this panel and passed as consensus to the Steering Committee. 

· It would be a mistake not to look at where the inner planets panel fits in the broader comparative planetology (including Earth and climate change). 

· This panel should keep the bigger/longer picture in mind (as suggested by Jim Head)

Day 3:
August 28, 2009

Importance of Samples to Studies of Inner Planets


Meenakshi Wadhwa

The Curation and Analysis Planning Team for Extra Terrestrial Material (CAPTEM) at Arizona State University recommends sample return as a component of a balanced program that includes in situ science and remote sensing for context. An investment in curation facilities is important to obtain the most science from returned samples. Analysis in an Earth-based lab will always have higher accuracy and be more flexible than robotic science. Samples from all of the inner planets are necessary to determine their primary differentiation behavior, the character of late heavy bombardment (not applicable to Venus), magmatic history, and surface weathering. However, more orbital and surface science is necessary before sample return is appropriate from Mercury and Venus. The South Pole Aitken Basin on the Moon is the highest priority sample return target.

Discussion

· Atmospheric sample return from Venus would be extremely valuable. New curation facilities would be necessary. Every new sample suite is placed in a new facility to avoid cross contamination. Therefore new samples require new facilities, including new lunar sample curation facilities (especially if polar volatile samples are returned). Apollo, IDP, meteorites, space hardware, Genesis, and Stardust all have their own facilities. The cost of curation is comparatively small compared to flying mission (with the exception of Mars samples where the possibility of extra terrestrial life exists. These facilities would be billion dollar investments).

· A wide range of radiogenic chronometers are available on Earth to date a sample from Venus. Some are more appropriate for high temperature samples.

· We are not at a stage where a target could be identified for Mercury or Venus. On the Moon and Mars, we have the information currently in hand to make a good site selection for sample return. 

· In situ sample preparation before a sample is returned to Earth is important on all planets.

· Sample return will provide the next science leap for Mars and the Moon. 

· For airless bodies an impact sampler could work, but the sample selection is not very localized; there are large cost advantages but large science losses. For the Moon (from which we have meteorites) it is probably not useful, but for Mercury (from which we do not have meteorites) an impact approach would provide some useful information. But, the samples would lack provenance and might not be appropriate to answer important questions.

· Mobility could be important to collect the “right sample”; this would be difficult on Venus and add a large cost. The importance of mobility depends on the goal and surface processes (impact mixing).

· Any sample would change our thinking. Let’s not get too worried about over thinking the location of samples.  

The remainder of the meeting was held in closed session

Acronym List 

ACE: Advanced Concept Exploration (APL)

AO: Announcement of Opportunity 

APL: Applied Physics Laboratory (Johns Hopkins University) 

ASRG: Advanced Stirling Radioisotope Generators 

CML: Concept Maturity Level 

DSN: Deep Space Network

EPO: Education and Public Outreach

ESA: European Space Agency 

FY: Fiscal Year

GCM: Global Circulation Model

GSFC: Goddard Space Flight Center (NASA)

GRAIL: Gravity Recovery and Interior Laboratory

IDP: Interplanetary Dust Particle

JPL: Jet Propulsion Laboratory 

KBO: Kuiper Belt Object

MESSENGER: Mercury Surface, Space Environment, Geochemistry and Ranging

NRC: National Research Council 

NSF: National Science Foundation

R&A: Research and Analysis 

RMA: Rapid Mission Architecture (JPL) 

