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1. Introduction

The purpose of this note is to document the NGAO team’s response to the Science Steering Committee’s (SSC) recommendations regarding the NGAO System Design Review (SDR).  The NGAO section of the April 30, 2008 SSC meeting minutes are provided in Section 2.  Our responses to each of the SSC recommendations are provided in section 3. 

2. SSC Minutes regarding the NGAO SDR (this section is a verbatim copy of the SSC Minutes)
NGAO Conceptual Design Review

Armandroff reported that a review committee comprised of Ellerbroek, Fugate, Ghez, Hubin, Sanders, and Scoville recently assessed the NGAO project, with SSC members Brodie, Martin, Liu, Nelson, and Greene also present. The committee strongly endorsed the team and the overall (aggressive) strategy to implement a system that would uniquely address important science questions and provide complementarity to other premiere next generation ground- and space-based astronomical facilities. The NGAO system was also seen as an important precursor for the TMT's first-light AO system (NFIRAOS) and a pathfinder for its second generation AO.

There were some questions from the SSC about the level of detailed vs. motherhood statements concerning the above general points in the committee's report. More detailed recommendations from the review panel include those related to additional performance modeling and system engineering tasks, appropriate to this stage of the project. The only significant reservations -- shared by the SSC -- are those related to the cost of NGAO. A cost estimate of $42M including reserves but without any instruments (instruments are expected to add at least an additional ~$20M), was presented, which is daunting in absolute terms but also subject to questions concerning accuracy and reliability. The committee recommended that some guidance perhaps could be found by gaining a better understanding of TMT's NFIRAOS system cost estimates. However, any such comparison will need to factor in inherent cost differences that result from different development approaches adopted by TMT and WMKO (e.g., level of documentation, level of reviews, level of risk acceptable, etc.). The executive council of the NGAO team acknowledged that not enough time was spent in the review on committee discussion of the cost justification (e.g. there was insufficient time to review the NGAO team’s 300-page ‘SDR Cost Book’.) This is a critical issue. Of utmost importance to the NGAO project is the formulation of a plan to arrive at a realistic cost estimate.

A highly related issue is a cost/benefit analysis which the SSC eagerly awaits. The committee needs to see, in addition to continued work building costing confidence, an implementation plan for NGAO that should be developed over the next 6 months. This plan should include a "fallback" or "de-scope" option that the SSC would consider under the plausible scenario that only some fraction of the estimated $62M price tag can be raised through private philanthropy; one model might be to scope out a $40M version of NGAO including adequate first light instrumentation. Support for NGAO (including NGAO instrumentation) from federal funds including TSIP funds (beyond that from the currently funded TSIP proposal) is far from secure, and in any case would have to be weighed against other observatory needs for which federal funding is also sought.

Both the observatory (WMKO) and the team (NGAO) believe that the concerns raised in the review will be addressed in the preliminary design phase. This is expected to last 22 months and cost $3M, already budgeted in the 5-year plan.

The SSC recommends that the NGAO team:

- accept our kudos and congratulations on the successful NGAO effort to date

- start planning detailed responses to points made in the review panel report. By June the SSC would like to see the schedule for delivering these responses.

- better engage scientists, probably in the integrated scientific and technical case for NGAO and its instrumentation suite, where they both care more and can contribute more relative to the NGAO system itself.

- facilitate connection of the technical trades to the science

- produce a plan for developing a reliable cost, including a cost floor below which the system achieved for the money spent is deemed not worth having on the Keck telescopes.

- identify the break points in major technology areas (e.g. tomography, laser power, wavefront error, realtime control, etc.) that make NGAO a major leap over existing capabilities (either at Keck or elsewhere), and where significant break points in cost might lie in the path toward the achieving the goals of NGAO

Further SSC discussion ensued and included the issue of how to achieve community buyin on the cost/benefit trades of NGAO, which are likely to be complex. Further, how to assess what the Keck community will be willing to pay for this system and to understand the hidden (lost) opportunity costs? The SSC needs to be involved in, if not leading the discussion of scientific trade spaces. While the NGAO team understands the various rss terms in the wavefront error, and has comparisons between the current KII AO system, the new KI AO system, and NGAO, this still needs better connection to the science. A similar situation pertains to the cooling vs sensitivity trades on the science.
As an action, the SSC co-chairs, directors, and WMKO management will formulate a plan for proceeding. A goal is to move NGAO ahead without having the NGAO team always under some delta-review.

3. Response

The following are our responses to the six SSC recommendations (see the bulleted items in the previous section).

3.1 Congratulations

We would like to thank the SSC for their “kudos and congratulation.”  We appreciate the support that the SSC has provided to the NGAO program to date and that so many SSC members were able to attend the NGAO SDR.  We look forward to working more with the SSC to ensure that NGAO meets the scientific needs of the WMKO community.

3.2 Review Panel Report

The review panel report is documented as KAON 588.  High level responses to the review panel recommendations are provided in KAON 593.  The resultant changes to the preliminary design phase plan are currently in the process of being documented in KAON 595.

One of the panel recommendations that the SSC has highlighted is to develop an implementation plan with fallback and descope options.  Our plan for addressing this joint recommendation is documented in KAON 594.  We request SSC input on this document in order to ensure that the SSC is satisfied with our planned approach.

Each SDR panel recommendation will be addressed in a report as part of the preliminary design phase deliverables.

3.3 Engaging Scientists

A fairly large number of scientists have already been involved in generating the initial NGAO proposal (24 astronomers) and the SDR-level science case requirements document (22 astronomers) and we hope to engage significantly more scientists during the preliminary design phase.  In particular, we would like to strengthen and better understand the requirements for some of the science cases and utilize our community’s expertise in defining the science instruments.  
We have had some difficulty in getting time from the busy scientists in our community.  Our plan for the preliminary design phase therefore included establishing a NGAO Science Advisory Team (SAT) to play a leading science role and to insure science community input.  We are very encouraged by the fact that the Directors have recently assumed responsibility for setting up the SAT.  This should help significantly in the recruitment and implementation of an effective SAT.  We feel that it would be beneficial if the SAT included some SSC representation. 

We would welcome the SSC’s input on how to move these instrument designs forward.  Unfortunately the ATI proposal for the deployable integral field spectrograph conceptual design was not funded and the proposed modest effort to start work on the near infrared imager was not funded in the Observatory’s FY09 budget.  WMKO management is working on how to address and fund the instrument designs.  The WMKO instrument program manager will be providing leadership in this area.

3.4 Connection of the Technical Trades to the Science

We have been very careful to make our technical trades based on the science throughout the design process.  The science case requirements document provides the team with a clear set of requirements.  The one-page science case requirements summary has been kept in front of the design team throughout the system design and this process will be continued.  Our Project Scientist has been, and will continue to be, part of the process of making architecture choices.  We would like more active astronomer involvement in evaluating the science performance (astrometry, photometry, companion sensitivity, etc.) based on our predicted PSFs, backgrounds, observing strategies, etc., and hope to be able to perform more of this kind of evaluation and feedback through the NGAO SAT.   

3.5 Plan for Developing a Reliable Cost

The SDR-level cost estimate represented a significant effort on the part of the team to develop a cost estimation process and cost.  The reviewers were confident with the appropriateness of the process but not with the conclusions.  Our SDR package included a cost comparison to the Keck AO, Gemini MCAO and GPI, and TMT NFIRAOS costs.  The reviewers were concerned with the difference between the NGAO and NFIRAOS costs.  We have asked the TMT for access to their more detailed cost estimate in order to perform a more careful comparison.  We will endeavor to understand the cost differences and where appropriate update our estimates.  This comparison is planned to occur within the first six months of the preliminary design, assuming availability of sufficient NFIRAOS cost detail.

A preliminary design level cost estimate, based on a more mature design concept and better understanding of the risks, component costs, vendor options and labor requirements, will be a key product of the preliminary design.

We will consider cost as a driver and issue throughout the preliminary design phase.

3.6 Breakpoints in Major Technologies

We will endeavor to identify such breakpoints during our work on a phased implementation plan during the first six months of the preliminary design.
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