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1.  Introduction

Fiscal and programmatic pressures have combined in recent years to upset the balance which has been a hallmark of the successful NASA astrophysics program in the past. We refer not only to balance of mission size but to balance across the whole portfolio of NASA astrophysics activities.  We feel that the Astro2010 State of the Profession panel has to give serious thought to means of restoring the balance by addressing three particular elements of the NASA program which we discuss below.  We recognize that others may be addressing similar or different issues related to program balance and that the panel will face a considerable challenge integrating these into a coherent set of recommendations.  On the other hand, we are pleased to note that in several of the areas described below the Astrophysics Division has taken steps towards implementing the types of programs we recommend.  In these cases, encouragement and support from the Astro2010 committee could be particularly helpful.  We would be pleased to discuss these and other issues further if it would be helpful.

2.  A Robust Sub-orbital Program
Balloons, rockets, and aircraft – the traditional components of NASA’s suborbital program – have been critical both in moving science forward and in giving future generations of space mission/instrument principal investigators hands-on experience with work in a space- or space-like environment.  To cite  a couple of examples, six of the eleven members of the Spitzer Space Telescope Science Working Group flew as Principal Investigators or science team members on the Lear Jet, the Kuiper Airborne Observatory, or both.  Many other prominent scientists, including John Mather, Tom Prince, Fiona Harrison, John Grunsfeld, Chris Martin and Marty Israel all received their basic training through the balloon or rocket elements of the suborbital program.  In the coming decade, the airborne leg of this triad should see a resurgence due to the availability of SOFIA and its ambitious instrument/technology development program.  It is critically important that that portion of the SOFIA program be sustained.  We are less sanguine about prospects for energizing the rocket, and, in particular, the balloon program.  The availability of large detector arrays and the emergence of new scientific areas, in particular exoplanets, open new possibilities for balloon-borne experiments.  For example, a balloon-borne coronagraph, or a mission dedicated to spectroscopy of transiting exoplanets, could produce exciting scientific results in the exoplanet area while serving as a proving ground for people and techniques in preparation for dedicated space missions.  Indeed the availability of new super-pressure balloons capable of staying aloft for extended periods and suitable for launch from mid-latitude sites might well enable or facilitate new payloads of this type.  

The problem with this scenario is that funding for balloon payloads has not kept pace with either the scientific needs or the development of the balloons themselves. With the total flight rate dropping by nearly a factor of two in the last decade from 26 in 1997 to 14 in 2008, we could also face the danger of losing the only balloon supplier in the U.S.  In the currently released ROSES 2008&2009 calls, for example, the balloon and rocket programs together are allocated $11M for a notional 14 new programs.  As each program can extend for 4 or even 5 years, a well-funded project might be supported at a level of $6-to-7M.  The scope of the program is considerably enhanced over the 2005 ROSES call, which allocated $5M for a 5 new programs.  The increase is very welcome, but the funding per program, which determines the scope or magnitude of any individual effort) may not have increased by as large a factor as the total program.

Studies undertaken here at JPL suggest that a number of exciting balloon payloads, pioneering new scientific areas such as exoplanets and weak lensing, could be built and flown at total costs in the $10-to-$20M range.  At this funding level, one can contemplate a high precision, stable pointing system of the type required for many applications in astrophysics.  We encourage the Decadal Committee both to commend NASA on the recently increased funding for suborbital programs and to point out that another modest increase in the budget, from the ~$11M available in 2009 to perhaps $20-to-$25M, but with at most a considerably smaller fractional increase in the number of programs supported, could take the balloon program across a threshold and open new scientific and technical opportunities for this important element of the suborbital program.

3.  Missions of Opportunity
The combination of a tighter NASA budget and the emergence of more space-faring nations makes Missions of Opportunity [MOOs] – by which we mean the contribution of NASA instruments or other services to missions being developed by non-NASA US agencies and/or by non-US space agencies - an attractive means of maintaining continuity in NASA’s astrophysics program and of leveraging scarce NASA funds.   In the past, this has been done effectively through MOOs tied to and solicited in parallel with Explorer program Announcements of Opportunity.  In the present climate in which even Explorer AO’s are reduced to a handful per decade, opportunities may come and go between AO’s with no ready means of NASA response.

Under the circumstances, it is appropriate to consider seriously whether a stand-alone MOO program can be implemented.  The demand for MOOs is unquestionable; during the most recent round of SMEX proposals, 11 compliant MOO astrophysics proposals were submitted, and only one selected.  With a proposal call every one or two years interested US scientists could at least be confident of the potential availability of funds for which they could compete.  The scope of activities supported under this “New-MOO” program could in principle range from multi-$100M instruments such as the US contribution to Herschel  and Planck to more modest efforts such as the instrument recently selected for flight on Japan’s upcoming x-ray astronomy mission.  It is important that any enhanced program to exploit MOO opportunities be flexible, both because of the range in scale of the missions which might be proposed and because the collaboration opportunities can arise unpredictably with limited windows of opportunity. 
Again, we are pleased that NASA has moved towards the establishment of a stand alone MOO opportunity by initiating the newly-announced SALMON program.  SALMON supports not only hardware MOOs such as those envisioned above but several other valuable programmatic elements which would, in differing ways, also provide more frequent access to space.  The first SALMON AO was released in September, 2008, so this is a newly-minted program.  The various Divisions within SMD can create and announce opportunities under the SALMON umbrella; this was not done by the Astrophysics Division in the 2008 AO, perhaps in part because of the recent SMEX call. 

If available annually, and, eventually, reasonably well-funded, SALMON would be an ideal vehicle for filling the needs described in this section.  We therefore encourage the Decadal Committee to commend NASA for establishing the SALMON program and to recommend that the Astrophysics Division participate annually and at a funding level consistent with supporting a ~$100M class effort at least several times per decade.

4.  Bringing New Technology to Flight
In addition to the scientific and training opportunities they provide, both the suborbital program and MOOs have equally valuable benefits as proving grounds for technology potentially destined for a major NASA mission.  NASA’s R+A program, although it may be underfunded, can support the development of promising new technologies to about the TRL 3 level.  This can be a far cry from the TRL 6 level required at PDR/NAR to move a project into Phase C/D.  Moreover, in today’s highly competitive environment even proposals for smaller missions, such as Explorers, which might be less risk averse than their larger brethren, are likely to be dinged pretty severely if they rely on uncertain technology.  
The suborbital and MOO opportunities might provide one means of closing this TRL gap.  Overall, however, recent years have seen NASA’s once-proud astrophysics technology development programs dwindle in the backwash of the dislocation caused by the Exploration Initiative and the general decline in funding.  Again, we refer to the type of development required to take a promising idea or laboratory prototype from TRL 2-to-3 to readiness for development for flight (TRL-6). One model for mitigating this has been the linking of technology programs to specific projects, such as JWST, or to specific program offices, such as the Exoplanet Exploration Program at JPL.  

A key quality for a technology program is consistency, and this can be a problem for a strategy in which technology development is tied to missions.  Progress and plans must of course be regularly reviewed, but a tech program must take a long-term view, which requires more than just a year to year commitment.  This has worked well in the case of CXO and Spitzer [now flying], JWST, and SIM, for which a 10-year technology effort has brought all the key elements to TRL 6.   It has worked less well for missions like TPF, which has suffered with the varying fortunes of the Exoplanet Exploration Program. 

We feel that the health and success of NASA’s Astrophysics Program depends on a reliable source of funding aimed at advanced technologies to the TRL6 state of readiness.  Exploiting and encouraging advances in key technologies for astrophysics, such as detectors, cryogenics, large structures, lightweight optics, and metrology, can have multiple benefits:  Improved science return from NASA missions, training future technologists for work across the public and private sector, and strengthening the US competitive position in the global marketplace.  We know that the Astro2010 Panel will receive and respond positively to multiple inputs aimed at advancing technologies for specific missions or aimed at advancing a specific technology which might be applicable to several missions.  We cannot replicate the expertise or eloquence of these arguments; however, we wish to emphasize two things: 

1. We recognize that linking mission-specific technology to the mission desiring it [e.g. the JWST example], can be a successful and viable model.  But this model is applicable [at most] only to Flagship Missions.  The Astro2010 Panel should recommend in addition a broad-based technology program which is constructed in such a way as to be robust against the launch or cancellation of any particular mission and which will permit Explorer and probe-class missions to demonstrate the technology needed to support credible proposals.

2. An important objective of a NASA astrophysics technology program should be to close the gap between TRL3 and TRL6.  This can be a more costly proposition than the traditional R+A program which takes a promising idea into the laboratory and brings it to the TRL3 level; therefore this notional new or rejuvenated technology development program must be well-funded if it is to achieve the desired objectives.  Such a program would save cost in the log run, by eliminating costly increases in scope from missions whose technology maturity may not have been fully understood prior to selection.
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