A budget phasing approach to Europa Jupiter System Mission Science
Summary

The Europa Jupiter System Mission (EJSM) has been developed to address all the major scientific questions associated with Jupiter’s moon, Europa.  The sophistication of the mission and the technical challenges result in a mission launch date no earlier than 2020 and for the initial results not to be available until approximately 2026.  Europa orbital insertion would be 2028. Any expensive, complex scientific endeavor that is more than a decade in the future, let alone two, will be under enormous political and financial stress and likely to incur significant changes or modifications prior to final design and launch. It is very possible the current NASA budget projections will not support even the current EJSM launch dates resulting in further delays in achieving any of the science goals.
An architecture that is more robust and flexible against these challenges should be considered.  One such architecture is one that accomplishes the Europa Flagship science objectives with 3 smaller missions, the first of which could be launched 4 or 5 years earlier than the Flagship mission, and return initial results by 2020 or 2021.  This phased approach would enable results from the early missions to influence the design of the later missions.  This architecture would not decrease the overall cost of achieving the science goals.  It would shorten the time to achieving the first science goals and delay achieving the final ones. It would lengthen the overall program but with a more acceptable and achievable financial and risk profile than EJSM.
The Concept 
It is likely that NASA cannot afford the Jupiter Europa Orbiter for launch under the current budget phasing conditions. We discuss an alternative option that splits the JEO science up into 3 much smaller missions. This allows NASA the budget phasing and flexibility to achieve the JEO science. In addition to this there are more potential benefits that should be studied:

* Although with 3 separate smaller missions, operations budgets and launch vehicle budgets compound the costs, some costs are recovered, individual missions are more focused, with cheaper spacecraft, instruments and operations. Requirements of all types apply only to the portion of JEO science that particular mission is focused on.  Lower radiation, mass,  environmental and resource requirements on the spacecraft electronics and instruments reduce one of the largest potential cost and technical risks to the mission.

* Cost savings and risk reduction from repeat builds of similar spacecraft and reuse of operations resources.

* Cost and technical risks are spread over multiple missions, lessons and risks from the first mission to be applied to the second and third.

* The first mission would occur earlier than is achievable under probable EJSM budget scenarios. 

* Allows ESA/NASA collaborative instrument and subsystem AOs with more realistic budget phasing.

The table below shows how 3 lower cost missions spread over ~10 (TBD) years allows a majority of JEO science goals to be addressed under likely budget constraints, meeting approximately 80 to 90% (TBD) of the science goals. 

Below we show only a simple example mapping of sub missions to JEO science goals. Many combinations can be considered based on science, budget and technical needs and in fact we would expect the community, with more time, would create a version that would better reflect scientific interest. 

	Science objective
	Europa Geofast
	Europa Mapsat
	Europa Lander & Carrier Orbiter

	Characterize and determine the extent of subsurface oceans and their relations to the deeper interior
	Yes
	Possible
	

	Characterize the icy shell and any subsurface water as well as the nature of the surface-ice-ocean exchange
	Yes
	Yes, partially
	Possible

	Characterize the deep internal structure, differentiation history and intrinsic magnetic field
	Yes, partially
	Possible
	

	Compare the exospheres, plasma environments and magnetospheric interactions
	
	
	Possible

	Determine global surface compositions and chemistry, especially related to habitability
	
	Yes
	Yes

	Understand the formation of surface features, including sites of recent or current activity and identify and characterize candidate sites for future in situ exploration
	Yes, partially
	Yes
	


Table 1 – Mapping science goals to a few different mission combinations

We present a simple case study of the first mission simply to show proof of concept, Europa Geofast.

Mission 1 - Europa Geofast 
Mission description

This would be a 3-4 year mission using a solar-powered, heritage spacecraft bus, Atlas V launch vehicle with direct orbital insertion at Europa to determine the presence/absence of water beneath the icy crust and the nature of the overlying ice surface. It would address two of the primary science objectives of the Europa Flagship Mission and contribute to a third: 1) Characterize the ocean and deep interior, 2) Characterize the icy shell and any subsurface water as well as the nature of the surface-ice-ocean exchange and 6) Understand the formation of the surface features, including sites of recent activity and characterize candidate sites for future in-situ exploration.

Required science measurements at Europa:

1. Measure surface topography (static and tidal)

2. Measure the gravity field (static and tidal)

3. Characterize the dynamic rotation state

4. Characterize the magnetic and radiation environment

Instruments

The instrument suite for this first mission would include a multi-beam laser altimeter (baseline LOLA), gravimeter, magnetometer, dosimeter and medium-resolution imager for context. The laser altimeter would be a radiation-hardened version of the Lunar Orbiter Laser Altimeter (LOLA) currently characterizing the topography of the Moon. The radiation hardening steps for this mission would be much simpler, cheaper and incur less cost risk than those required for the Flagship EJSM.  A high-heritage magnetometer will either be boom mounted, extending from the spacecraft or integrated into the solar arrays, e.g. JUNO. The gravimeter, dosimeter, and imager will be off-the-shelf, high TRL/spaceflight heritage instruments. A technical demonstration (tech demo) at Europa would likely include a laser ranging terminal similar to the very successful Laser Ranging (LR) experiment on LOLA.

Notional schedule and cost 

Launch in 2015 or 2016 on an Atlas V (551) on a 3-4 year high-speed trajectory direct to Europa orbital insertion. Primary mission would be a 2-3 month observation program measuring topography, gravity, radiation and magnetic field. Depending on the design of the instruments and their viability the mission would be completed by the end of 2019 or 2020. Cost for the total mission including launch vehicle ($230M in FY08 dollars for an Atlas V 551) is $800M in FY09 dollars. This includes $80M for science instruments and a 25% cost reserve.

Mission 2 – Europa Mapsat

This would be similar in approach to Geofast utilizing an identical spacecraft, launch vehicle and mission profile, i.e. solar or nuclear powered mostly heritage bus, Atlas V 551 launch vehicle and high speed, direct to Europa orbit path. The instrument suite would include a Thermal IR imager, Narrow-Angle Camera, Wide and Medium Angle Camera and a Visible-IR Spectrometer. This mission would address two of the primary science objectives of the Europa Flagship Mission: 5) Determine the surface composition and chemistry, relate composition to geological processes, especially communication with the interior, 6) Understand the formation of surface features, including sites of recent or current activity, and identify candidate sites for in situ exploration. The overarching goal of Europa Mapsat would be to identify likely landing sites for Mission 3, geologically active areas with new surface material (likely newly frozen liquid from the sub-surface ocean) possibly containing organic matter and prebiotic/biotic molecules. This mission could include the ice penetrating radar with the addition of nuclear power, this trade likely moves one of the cameras and/or the spectrometer to the third mission.
Required science measurements at Europa:

1. Map temperature anomalies and thermal inertia of surface materials on Europa

2. Characterize local-scale geologic processes on Europa

3. Characterize regional-scale geologic processes and morphology

4. Map composition of non-ice components on Europa

Instruments

The instrument suite for the second mission would include a Visible-IR Spectrometer to map non-ice composition, a Thermal Imager to map temperature anomalies, Narrow-Angle Camera to record local scale geologic processes and Medium & Wide Angle Camera to record regional scale processes and morphology. These high-heritage instruments would be body mounted to the spacecraft with no mechanisms. Shared apertures would reduce payload mass and volume.

Mission 3 – Europa Lander & Orbiter

A small nuclear-powered lander and solar-powered, carrier/orbiter would comprise the third Europa Exploration Mission. The mission profile would be identical with Missions 1 & 2 with fast-transit and direct orbital insertion at Europa. The instrument suite aboard the lander could include a descent imager and gas chromatograph/mass spectrometer (GC/MS) from Cassini -Huygens as well as an ion-neutral mass spectrometer from Cassini heritage, a robotic arm with an “ice” abrasion tool (similar to the RAT on the Mars Exploration Rovers), a Microscopy, Electrochemistry, and Conductivity Analyzer (MECA) such as the instrument on Mars Phoenix, and a Thermally Evolved Gas Analyzer (TEGA) such as the instrument on Mars Phoenix. The orbiter/carrier could carry the Vis-IR Spectrometer or one of the cameras from the second mission to accommodate the ice penetrating radar on the second mission, an enabling instrument to be sure. In addition, the orbiter/carrier could carry a radio science and/or a particle and plasma experiment to analyze the exosphere and particle/plasma environment of Europa.
Conclusion
The likely NASA budget profile combined with updated cost estimates for EJSM will threaten the ability to achieve the mission in or even near the current baseline timeframe. Splitting the mission into 3 phases or smaller missions better fits into likely NASA budgets profiles, reducing the radiation, mission operations, mass and other requirements on the subsystems. This reduces technical and cost risk of each mission.  Reduced radiation and mass challenges reduce required costly technical maturation programs and redesigns of heritage subsystems and instruments. This will reduce the partially unbudgeted required technical investments, and reduce technical, programmatic and cost risk.

Allowing for budget phasing and flexibility that is lower risk and much more achievable reduces the impact on other planetary and NASA science programs from EJSM cost and growths. In fact, this could be a path to getting both the outer planets flagship program and the flagship Mars Sample Return program going in the next decade – the planetary program at the moment cannot afford two full up flagship programs ramping up fast mid-decade.  Further, this may enhance support for the EJSM science outside the outer planets and satellite community. It delays the achievement of all science goals but reduces the time for initial science results. Collaboration with ESA is still achievable as one can imagine a variety of scenarios that are similar. This may also provide ESA more budget and planning flexibility, improving the prospects for continued support in their budget and down select processes.  

