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1. Introduction
This document is the final report for the NSF-TSIP award AST-0132798, AURA sub-award C10591T.  This award for $3,275,776 was awarded to W.M. Keck Observatory (WMKO) to develop the Next Generation Adaptive Optics (NGAO) preliminary design (PD) during the period of March 1, 2008 to February 28, 2011.
The NGAO system design review was successfully completed in April 2008.  The PD phase subsequently began in May 2008. The PD review (PDR) was successfully completed in June 2010.  Since the PDR we have pursued some modest risk reduction activities as well as some post-PDR clean-up activities. The NGAO project is currently on-hold pending the identification of additional major funding to allow us to proceed with the detailed design.
2. Reports
A total of 31 monthly reports were provided to the TSIP representatives beginning with a report for May 2008 and ending with the November 2010 report.  These reports can be found as Keck Adaptive Optics Notes (KAONs) along with all of the other KAONs produced during the preliminary design phase at http://www.oir.caltech.edu/twiki_oir/bin/view/Keck/NGAO/NewKAONs.

The key documents produced for the PDR include the PDR report (KAON 770), the scientific case for NGAO (KAON 774), the PD manual (KAON 768), the preliminary design performance report (KAON 716), the risk analysis (KAON 720) and the systems engineering management plan (KAON 769).  A major emphasis was also placed on the requirements which are compiled in a database documented in the following KAONs: the science case requirements document (KAON 455), the observing operations concept document (KAON 636), the system requirements (KAON 771) and a requirements compliance report (KAON 772). 
The PDR presentation (KAON 775) and PDR reviewer report (KAON 779) are provided as attachments to this report.

The NGAO preliminary design was presented in four papers at the SPIE 2010 astronomical telescopes and instrumentation conference (KAONs 788 to 791):
· Wizinowich, P., et al.  W. M. Keck Observatory’s Next Generation Adaptive Optics Facility.  SPIE Proc. 7736-19 (2010).

· Adkins, S., et al.  DAVINCI: A high-performance imager and integral field spectrograph for W. M. Keck Observatory’s next-generation adaptive optics facility.  SPIE Proc. 7735-287 (2010).

· Gavel, D., Reinig, M.  Wavefront control algorithms for the Keck next-generation adaptive optics system.  SPIE Proc. 7736-41 (2010).

· Reinig, M., et al. Real-time control for Keck Observatory next-generation adaptive optics.  SPIE Proc. 7736-130 (2010).
3. Related Projects
Several related proposals were generated during the course of the NGAO preliminary design as a means of implementing parts of the NGAO system or to support risk reduction activities.  The status of each of these proposals is summarized as follows:

· NSF GSMT award “Sodium-Wavelength Lasers for Astronomical Adaptive Optics” (AST-044399, AURA subaward C66003A for $300k) awarded in 2009. This award funded risk reduction activities by two laser vendors during the development of their ESO-funded laser preliminary designs. The preliminary design and risk reduction reviews and results, completed in December 2009, were shared between AURA, ESO, GMT, TMT and WMKO. This work resulted in the down-select to a single laser vendor that ESO contracted for a final design to be completed by June 2011. WMKO and TMT are continuing to collaborate with ESO, TMT and the laser vendor, TOPTICA/MPB, to ensure that the delta specifications needed for the WMKO and TMT lasers are addressed. This collaboration and the NSF funding have allowed us to dramatically reduce the risk associated with laser procurement for NGAO.  

· NSF MRI award “MRI: Development of an Improved Keck II Laser Launch Facility” (AST-923593; $1356k) awarded in 2009. The existing side launch of the laser will be replaced with a launch telescope located behind the secondary mirror. The launch telescope completed its preliminary design review (PDR) and the full system PDR was completed in October 2010. The launch telescope that is being procured and the beam transport system are being designed to also work with NGAO. The detailed design review is planned for February 2011 with installation in late 2011.

· NSF ATI award “Near-Infrared Tip-Tilt Sensor for LGS AO” (AST-1007058; $1716k) awarded in 2010. The purpose of this award is to implement a near-IR sensor for improved tip-tilt performance and sky coverage with the Keck I LGS AO system. This effort represents considerable risk reduction for the NGAO tip-tilt sensors. The system design review was successfully completed in December 2010 and the preliminary design review is planned for March 2011. The system is intended to be in operation in 2013.

· NSF ATI proposal “Point Spread Function Determination: Unlocking the Full Scientific Value of Adaptive Optics” submitted in November 2010. We proposed to develop robust Point Spread Function (PSF) determination for science observations obtained with the Keck AO systems. The availability of a high-fidelity PSF estimate would provide dramatic science gains and stands as the next major challenge for achieving further breakthroughs in high angular resolution science. Development of this capability will provide the first demonstration of PSF reconstruction for laser guide star (LGS) AO and the first PSF reconstruction capability for routine AO science operations.  The proposal is a collaboration with two science groups (UCLA and UH) and PSF reconstruction experts at AquilAOptics, TMT and HIA.  This work represents a major risk reduction activity for NGAO and it expands on two risk reduction activities begun during the NGAO preliminary design:

· We worked with TMT to donate a MASS/DIMM seeing monitor and we worked with other Mauna Kea observatories to successfully implement this monitor as an operational Mauna Kea facility in support of off-axis PSF reconstruction.

· A collaboration with Gemini Observatory and University of Groningen to fund Laurent Jolissaint to produce an on-axis, bright star PSF reconstruction demonstration.
· NSF MRI proposal “MRI: Development of a Next Generation Laser System for the Keck II LGS AO Facility: Enhancing the Scientific Return of Keck Laser Guide Star Adaptive Optics” submitted in January 2011. This is a re-submittal of a proposal that the reviewers recommended for funding but which was not funded. The intent of this proposal is to implement the first of three NGAO lasers; our current participation in the laser final design with ESO and longer term in the laser prototyping and development is intended to insure that the WMKO and TMT laser needs are met (TMT is providing part of the cost sharing). The laser will significantly improve the performance of the existing Keck II LGS AO system prior to NGAO.    

4. Financial Summary

The budget and expenditures for the NGAO project are shown in Table 1. A total of $3123k has been spent through December or 95% of the $3276k TSIP budget. The remaining $153k will be used for other AO development activities at WMKO.  Please note that this is not an official final budget report since Caltech and UCO have 60 days beyond the end of their sub-contracts on 12/31/10 to provide final invoices.
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May 2008 to 

April 2009

May 2009 to 

Apr 2010

May 2010 to 

Dec 2010

Jan 2010 to 

Apr 2011

Expenses Notes Actuals Actuals Actuals Projected Total

Senior Personnel

Peter Wizinowich, Project Manager 63,885 $        73,255 $        31,235 $        - $                  168,375 $     

Claire Max, Project Scientist 1 - $                  - $                  - $                  - $                  - $                 

Richard Dekany, Co-investigator 45,202 $        107,396 $      46,869 $        - $                  199,467 $     

Donald  Gavel, Co-investigator 46,560 $        56,209 $        8,696 $          - $                  111,464 $     

Total Senior Personnel 155,647 $      236,859 $      86,800 $        - $                  479,306 $     

Other Personnel

Post Doctoral Associates 50,133 $        48,856 $        18,009 $        - $                  116,998 $     

Other Professionals (Technician, Programmer, Etc.) 341,287 $      992,368 $      263,032 $      - $                  1,596,687 $  

Graduate Students - $                  - $                  - $                  - $                  - $                 

Undergraduate Students - $                  - $                  - $                  - $                  - $                 

Secretarial - Clerical (If Charged Directly) - $                  - $                  - $                  - $                  - $                 

Other - $                  - $                  - $                  - $                  - $                 

Total Salaries and Wages

547,066 $      1,278,083 $   367,841 $      - $                  2,192,991 $  

Fringe Benefits 153,359 $      337,779 $      104,568 $      - $                  595,706 $     

Total Salaries, Wages and Fringe Benefits

700,425 $      1,615,862 $   472,410 $      - $                  2,788,697 $  

Equipment - $                  - $                  - $                  - $                 

Travel

Domestic 19,040 $        9,801 $          25,477 $        - $                  54,318 $       

Foreign - $                  8,537 $          - $                  - $                  8,537 $         

Other Direct Costs

Materials and Supplies 6,157 $          19,138 $        3,261 $          - $                  28,556 $       

Publication Costs/Documentation/Dissemination - $                  - $                  - $                  - $                  - $                 

Consultant Services - $                  22,111 $        98,821 $        - $                  120,932 $     

Computer Services 2,628 $          2,580 $          1,075 $          - $                  6,283 $         

Subawards (Subcontracts) - $                  44,125 $        70,350 $        - $                  114,475 $     

Other 638 $             181 $             569 $             - $                  1,389 $         

Total Other Direct Costs

9,423 $          88,135 $        174,076 $      - $                  271,635 $     

Total Direct Costs

728,888 $      1,722,335 $   671,963 $      - $                  3,123,187 $  

Indirect Costs 2 - $                  - $                  - $                  - $                  - $                 

Total Indirect Costs - $                  - $                  - $                  - $                  - $                 

Total Direct and Indirect Costs

728,888 $      1,722,335 $   671,963 $      - $                  3,123,187 $  

Contingency

Labor (Total Salaries, Wages and Fringe Benefits)  3 - $                  - $                  - $                  - $                  - $                 

Materials (Equipment, Materials and Supplies) 4 - $                  - $                  - $                  - $                  - $                 

Less Planned Usage of Contingency 5 - $                  - $                  - $                  - $                  - $                 

Total Contingency

- $                  - $                  - $                  - $                  - $                 

Total Cost including contingency

728,888 $      1,722,335 $   671,963 $      - $                  3,123,187 $  

Funding Profile

2007 TSIP Funding 6 728,888 $      1,318,472 $   - $                  2,047,360 $  

2009 TSIP Funding 7 403,864 $      671,963 $      152,589 $      1,228,416 $  

Total Funding

3,275,776 $  

Notes:

1.  Academic appointment, no direct labor charged to project.

2.  All participants are waiving their normal indirect cost charges.

3.  Labor contingency is 10% for the preliminary design phase.

4.  Materials contingency is 0% for the preliminary design phase.

5.  No usage of contingency is planned at this time.

6.  20 nights.

7.  12 nights.

Year 3


Table 1:  NGAO PD Phase Expenditure Summary for Year 1 to 3 through December 2010
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