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Introduction

This KAON is intended to summarize the official documents associated with the AURA subaward to fund U.S. involvement in the laser preliminary designs being pursued by ESO.  ESO funded two vendors, FASORtronics and TOPTICA, for preliminary designs in 2009.  WMKO used the $300k of AURA funds plus some internal funds to place laser risk reduction contracts with the two vendors.  All parties then participated in the vendor progress meetings and preliminary design reviews.  
The following five documents are attached to this KAON:

· The white paper to the NSF and AURA which resulted in the AURA subaward.

· Four quarterly project reports submitted to AURA.
Sodium-Wavelength Lasers for Astronomical Adaptive Optics
A White Paper to the U.S. National Science Foundation Astronomy Division

and the Association of Universities for Research in Astronomy 

From a consortium of U.S. Observatories consisting of the

Giant Magellan Telescope (GMT)

Thirty Meter Telescope (TMT)

W.M. Keck Observatory (WMKO)

In Collaboration with the European Southern Observatory (ESO)

July 9, 2008 (revised September 29, 2008)
Introduction
The purpose of this white paper is to seek NSF and AURA support to ensure the availability and affordability of sodium-wavelength lasers for astronomy.

The scientific productivity of sodium Laser Guide Star (LGS) Adaptive Optics (AO) systems on large telescopes has been clearly demonstrated over the past few years with the ~ 48 refereed science papers published using the Keck II LGS AO system.  Routine LGS AO science operations have also recently begun on the Gemini-North telescope and European Very Large Telescope, and are planned in the near future for the Keck I, Subaru and Gemini-South telescopes.  Many of the second generation of AO systems for existing large telescopes (Gemini-South, WMKO and VLT) and all of the first generation of AO systems for the Extremely Large Telescopes (E-ELT, GMT and TMT) include multiple sodium laser beacons.  

The availability and cost of lasers remains a significant programmatic and technical risk to the success of advanced AO systems on existing large telescopes and future extremely large telescopes.  In recognition of this risk the 2008 US AO Roadmap identified the “availability of robust, cost-effective LGS AO system lasers” as a high priority investment need.  We are submitting this white paper to the NSF because we believe that it is critical to address this priority investment now due to a combination of risks and opportunities.  

The risks include potential disappearance of commercial laser options and/or very high procurement costs which could dramatically reduce the planned capabilities of the next generation of LGS AO facilities.  The opportunities include a willingness to collaborate within the North American and European astronomical communities to reduce our risks, the possibility of coordinating North American efforts with the recently released ESO laser Call for Tender, and the potential availability of lasers to suit our common need from suppliers including Lockheed Martin Coherent Technologies (LMCT) and a new company, FASORtronics.    

GMT, TMT and WMKO currently only have very limited funds to apply to laser development and although ESO has recently distributed a preliminary design call for tender it is likely that their available funds will be inadequate to procure the desired lasers.  Waiting for additional project funds is not advisable since 1) existing commercial options could disappear within the coming year if further contracts are not placed and 2) new products can require several years of development.  These are the reasons for turning to the NSF for assistance.  NSF funding could be key to ensuring the availability of an affordable commercial laser system for astronomy. 

We begin by summarizing our laser needs, followed by a review of the current laser options and the ESO call for tender.  We then consider our options for collaboration, and finish with our understanding of options for NSF funding support followed by a brief conclusion.  These options have been updated based on a September 29, 2008 telecon with NSF and AURA personnel.
Project Needs

Both the first generation GMT and TMT AO facilities will require six ~ 25 W laser beacons.  The WMKO Next Generation AO (NGAO) facility will need six to nine 15 to 20 W beacons (this assumes a sodium return consistent with a single frequency laser).  ESO requires four 25 W lasers (single frequency) for their VLT LGS AO facility.  None of these projects is placing any special requirement upon the laser pulse format to enable range gating or dynamic refocusing.

These lasers need to be affordable to allow for the development and operation of next generation high angular resolution astronomy facilities.  Affordability must include not just procurement costs, but lasers that will be affordable to implement, as part of an LGS facility, and operate.  Operations could significantly benefit from a common commercial product that allows for shared laser expertise between observatories and the availability of common spares.

The intent of this white paper is to ensure a commercial product for the entire astronomical community. Although this white paper is driven by the needs of our four observatories, other Observatories will require similar lasers.  For example, LBT will need 2x 5W sodium-wavelength lasers (a single higher power laser would be suitable) and Palomar’s PALM-3000 needs a 25 W laser.

Assuming 25 W lasers, there will be a need for more than 20 sodium-wavelength lasers within the next decade versus the total of five <15 W lasers in use today for astronomy.  The availability of one or more reliable and affordable commercial laser options will be critical to the future of LGS astronomy.      

Laser Options

The only commercially available sodium-wavelength laser produced to date has been the Coherent Technologies (CT) Inc. 14 W laser produced for the Gemini-North telescope.  CTI accepted a contract for the Gemini-South 50 W and Keck I 20 W lasers prior to being procured by Lockheed Martin (LM).  Successful system tests have now been conducted at LMCT, and the lasers are scheduled to be delivered to Gemini and Keck in late 2008.  The primary risks associated with LMCT as a laser vendor are 1) that they are believed to have lost money on their current Gemini/Keck contract and future bids are therefore expected to be higher and 2) that sodium-wavelength lasers may become inconsistent with LM’s business model. 

A team at the US Air Force Research Lab (AFRL) produced a 50 W sodium-wavelength laser which is in routine use at the Starfire Optical Range (SOR).  The AFRL team consisting of Craig Denman, Bob Fugate and Paul Hillman have joined forces with Tom Kane formerly of Light Wave Electronics to form a company, FASORtronics, to build and market this laser technology.  FASORtronics is now a Limited Liability Company in New Mexico and has negotiated an exclusive patent licensing agreement with the Air Force.  The primary risks associated with this company are 1) that they could quickly disappear especially if a laser contract is not obtained within their first six to 12 months as a company and 2) their successful laser production to date within the AFRL environment will not necessarily translate into success within a business environment. 

The primary benefit of the SOR-type single frequency laser over the LMCT-type mode-locked laser is significantly higher return flux per Watt, by a factor of two to four, due to higher sodium coupling efficiency.   The physical footprint of the SOR laser and the associated electronics is also appreciably smaller than the current LMCT design. 

Both of the above options have been the result of a previous proposal (PI: Brent Ellerbroek, co-Is: Bob Fugate, Jerry Nelson and Peter Wizinowich) that was funded by a combination of the NSF and the Air Force Office of Scientific Research.  This funding provided support for the development of the Gemini-North, Keck I and SOR lasers and points to the past success of the kind of community development we are advocating in this white paper.   

Other potential commercial laser vendor options (Arete, Cilas, IPG, TOPTICA) exist but in none of these cases has a high power operational sodium wavelength product been demonstrated.  Unfortunately, neither of the two laser projects previously funded by the AODP has demonstrated results at the required power levels.  As noted below, however, the two most viable present options for commercial sodium lasers are likely to be expensive.  We may therefore want to also recommend exploring at modest funding levels paradigm-breaking options with clearly demonstrated potential.

ESO Call for Tender

ESO issued a Call for Tender for the “Preliminary Design of Laser Systems for the Four Laser Guide Star Facility at a firm fixed price of 250.000 Euro” in August.  These lasers are specified to have the same sodium return as the SOR-type single frequency CW laser.  The LMCT-type mode-locked CW laser would need to be higher power to achieve the same sodium return.  The preliminary designs could start as soon as December and are intended to be completed within 8 months.  A firm fixed price proposal for the final design and supply of the laser system is a preliminary design deliverable.  It is likely that two preliminary designs will be funded.  Proposals are due by October 24, 2008.

ESO shared their laser specifications with the observatories participating in this white paper and comments have been incorporated.  These requirements are also likely to be close to what is needed longer term for the European ELT.  ESO management has seen the July 9 version of this white paper.
The ESO call for tender is important for both the European and North American AO communities because it creates a near-term market for commercial laser suppliers, and provides an opportunity to push forward the development of the lasers that will be needed by our community.    

Options for Collaboration
The purpose of this section is to describe some potential options for ensuring that an affordable commercial laser option exists to satisfy the needs of future LGS facilities.  
One option that might be preferred would be for our consortium to propose the development and fabrication of a laser system for WMKO’s NGAO system as a way to get the commercial laser technology the GMT and TMT will later need.  This would create the technology base for the U.S. community while fielding the system at an existing observatory and result in a technical demonstration as well as scientific benefits for the community.  This could be an independent activity or part of a coordinated activity with ESO in order to leverage our joint resources.
ESO has demonstrated its interest and willingness to collaborate with us.  The options discussed in the remainder of this section rely heavily on leveraging ESO’s call for tender since this will likely be the largest near-term source of funding for ensuring commercial laser availability.  
ESO’s preliminary design call for tender has provided us with an opportunity to fund a preliminary design as part of a European and North American collaboration.  

Longer term let us assume the case where the preliminary designs result in one or more fixed price proposals from viable laser vendors that largely meet the technical requirements but not necessarily the contracting or budgetary needs.   In this case the definition of “viable” would be an important question.  LMCT and FASORtronics would be the most viable given their demonstrated success at building lasers close to the ESO requirements.  Another company would need to present a convincing case that they could build the required lasers.  Potential scenarios, and actions, include the following:    

1. The firm fixed price proposal is within the existing ESO budget (we believe this to be an unlikely scenario) or an ESO budget supplemented with additional European funds.

· No further action may be needed by the U.S. Observatories to further ensure the availability of affordable lasers other than to procure lasers as they are needed.

· If the costs are considered to be too high the U.S. Observatories might want to invest in some way to reduce the cost of future lasers (e.g., support the development of an alternative laser or component design). 

· In any of the scenarios resulting in an ESO contract we would like to have access to the laser design and participate in ESO’s laser reviews.  ESO has indicated that they may be willing to accommodate this participation, especially if we bring some contribution with our participation, even if that contribution is a planned future contribution.   

· The willingness of a U.S. consortium to support procurement of lasers might be helpful in securing additional European funding.

2. The proposal exceeds the existing or supplemented ESO budget and ESO reduces their requirements, especially total laser power, in order to fit within the available budget.

· In this scenario we would like to be in a position to ensure that requirement reductions and/or high unit costs impacting the availability of suitable lasers for the future U.S. needs are minimized.       

3. The proposal exceeds the existing ESO budget or has a significant exception to the contracting requirements, but through collaboration with U.S. observatories the required ESO lasers are procured.  This could be a contractually and/or procedurally difficult option, but may well be worth the required effort.

· The U.S. consortium would need to identify funding to support some activities such as a design, prototype development or laser unit fabrication.

· U.S. funding of a laser design or prototype laser could provide an element of cost sharing while also eliminating or reducing the need for a bank guarantee.

· Simultaneous U.S. procurement of one or more lasers could reduce the per laser cost. 

4. ESO is unable to procure their desired lasers.

· This would represent a very large risk to our future procurement efforts.

We believe that it is important to identify paths forward for at least the design phase by the time ESO opens its preliminary design proposal.  How much U.S. funding might be needed longer term will depend on the results of the firm fixed price proposals.  It would be useful to be equal partners with ESO, at least in the design phase, to ensure the development of suitable commercial lasers.  The active involvement of U.S. observatories would also be seen as an encouraging sign of a larger market by vendors.  
Part of the process of identifying the paths forward is to determine how we can work with the NSF to identify possible funding options, as discussed in the next section.

NSF Support

Based on a September 29, 2008, telecon with NSF and AURA a unanimous recommendation was made to investigate the use of AST funds for GSMTs to fund one of the ESO call for tender preliminary design proposals.  Bill Smith (AURA) took the action to use an updated version of this white paper as a basis for discussion with the GMT and TMT project managers in determining their level of interest in supporting this usage of funds. 
The original white paper was intended to provide background information in support of a dialog with the NSF to determine funding options and included the following discussion:

The NSF funding options that we are aware of include the ATI, MRI and TSIP programs as well as the possibility of funding as a mid-scale project.  The ATI program (up to ~$1M) might be adequate for partial funding of a laser design, the MRI program (up to $2M for design and development and $4M for acquisition) might allow for the funding of a prototype or final laser, the TSIP program (up to ~ $3M) could allow for a laser to be implemented on a telescope in exchange for telescope nights, and mid-scale funding (~$10M scale) could offer the opportunity to establish a program for the procurement of multiple lasers.  We should know the results of the ESO call for tender before NSF proposals would be due. 
A prototype or final laser could be implemented on the Keck II telescope as a first step to WMKO’s NGAO facility.  This would also allow a direct sodium return comparison with the LMCT 20 W laser on Keck I and access to this laser could be provided to the other consortium partners for assessment purposes.

We recognize that ATI and MRI funding would require proposal submission on the normal schedule for these programs and that as a result the earliest NSF funding could only be available by ~ June, 2009.  Our understanding is that no TSIP funds are available in FY09; this approach would also require a single existing Observatory to provide telescope nights to the community which might be considered inequitable.  As stated earlier none of the North American consortium partners has laser development funds available at this time.    

Conclusion

This white paper identifies a key risk area for the development of future LGS AO systems for U.S. observatories, as well as opportunities for the reduction of this risk.  We are developing a collaboration among the North American and European astronomical communities to reduce this risk.  The NSF and AURA have indicated their interest in supporting this endeavor, at least at the preliminary design level, while recognizing significant funding uncertainties.  The intended result of this collaboration is to facilitate ground-breaking high angular resolution astronomical science by ensuring the existence of a common and affordable commercial laser.  
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1. Introduction

This is the first of four quarterly reports to AURA for sub-award no. C66003A.  This $300,000 sub-award was made to W. M. Keck Observatory (WMKO) in response to a document titled “Sodium-Wavelength Lasers for Astronomical Adaptive Optics” submitted by WMKO, the Giant Magellan Telescope (GMT) and the Thirty Meter Telescope (TMT), proposing a sodium-wavelength laser development program to be carried out in collaboration with the European Southern Observatory (ESO).

2. ESO-funded Laser Preliminary Design Status

The timeline for ESO’s laser preliminary design studies is shown in the following table.  A call for preliminary design phase proposals was issued by ESO that closed in late October 2008. Five proposals were received in response to the call. The technical review of the proposals was conducted by a review committee made up of ESO staff plus Sean Adkins and Peter Wizinowich from WMKO. The technical review committee recommended the selection of two proposals for funding, and this was approved by the ESO Finance Committee in February 2009. Contracts for 250k Euros each have been issued for the selected proposals from FASORtronics LLC and TOPTICA Photonics AG. The plan is for the preliminary designs to be complete in December 2009. A key product of the preliminary design work  is a fixed price quote for the four 25 W lasers required for the 4 laser guide star facility (4LGSF) planned for one of the ESO 8 m telescopes. 

	Date
	ESO Laser Preliminary Design Milestones

	Oct. 24, 2008
	Closing date for submittal of laser preliminary design proposals to ESO 

	Dec. 16, 2008
	ESO laser preliminary design proposals final evaluation report complete

	Feb. 17, 2009
	ESO Finance Committee approves laser preliminary design selections

	Feb. 27, 2009
	FASORtronics preliminary design kick-off meeting

	Mar. 16, 2009
	TOPTICA preliminary design kick-off meeting

	Apr. 28, 2009
	FASORtronics first progress meeting


3. U.S.-funded Laser Risk Reduction Status

Based on the laser preliminary design proposal technical review and discussions between the U.S. and ESO collaborators we concluded that the most effective use of the AURA funds was to fund additional laser risk reduction activities instead of funding a third preliminary design. In making this decision we agreed that the results of the ESO funded preliminary designs and the U.S. funded risk reduction studies would be shared between all parties.  

The timeline for initiating the risk reduction studies is shown in the table below. In order to avoid interfering with the ESO process we waited until ESO had notified the two vendors of their selection. We then sent requests to both vendors asking them to propose additional risk reduction studies to be performed in parallel with their preliminary design work for ESO. Both vendors welcomed this opportunity and proposed risk reduction activities that were discussed at the end of each of the ESO preliminary design phase kick-off meetings. With agreement from all parties WMKO then placed risk reduction contracts with the two vendors.  Both vendors will be funded at the 125k Euro level (the additional funds required above the amount of the AURA sub-award are provided by WMKO). These contracts call for a schedule consistent with the schedule for the ESO preliminary design phase work.

	Date
	U.S. Laser Risk Reduction Milestones

	Sept. 29, 2008
	“Sodium-Wavelength Lasers for Astronomical Adaptive Optics” document date

	Feb. 2, 2009
	AURA sub-award signed by WMKO

	Feb. 19, 2009
	WMKO requests for laser risk reduction proposals sent to FASORtronics & TOPTICA 

	Feb. 27, 2009
	FASORtronics risk reduction discussion

	Mar. 16, 2009
	TOPTICA risk reduction discussion

	Apr. 10, 2009
	WMKO laser risk reduction contract issued to FASORtronics

	Apr. 28, 2009
	FASORtronics first progress meeting

	Apr. 30, 2009
	WMKO laser risk reduction contract issued to TOPTICA

	May 15, 2009
	TOPTICA first progress meeting


It should be noted that ESO’s laser specifications are in reasonable agreement with those for the U.S. projects. ESO had allowed us to review their laser technical specifications prior to their call for proposals and some of this input was incorporated. We have notified the vendors where our specifications might vary from those of ESO; but additional discussion of specifications will be required in the future.

4. Laser Risk Reduction Technical Overview

The vendors performing work for ESO and under the sub-award from AURA are both commercial suppliers. As a consequence we have been required to sign non-disclosure agreements to protect their proprietary technical and business information. There is also a non-disclosure agreement in place with ESO, and the combined affect of these agreements is to place a significant limitation on the amount of information that can be disclosed in these quarterly reports. It is assumed that this report may be disclosed beyond the scope of the NDAs signed with the vendors by the various parties, but it is intended for AURA and NSF reporting purposes only.

FASORtronics’ proposal is based on the success of the company’s personnel, as Air Force employees, in developing a 50 W sodium wavelength laser for the 3.5 m telescope at the Starfire Optical Range. This is the highest power sodium wavelength laser used in on-sky tests and has the highest demonstrated return efficiency from the Mesospheric sodium layer. The primary technical risks associated with this laser are in the reproducibility of the design and the production of four reliable lasers that meet the ESO specifications. FASORtronics therefore proposed two risk reduction activities, one intended to improve the producibility and maintainability of their design and one to evaluate the proposed design for operation in variable gravity orientations, a key requirement of ESO’s proposed 4LGSF design.

TOPTICA’s proposal is based on fiber laser amplifiers and is a collaboration with the Canadian company   MPB Communications, Inc. TOPTICA is the lead organization for the preliminary design phase work. TOPTICA and MPB are both suppliers of commercial fiber laser products but they have no prior experience in astronomical applications of their products. The TOPTICA approach is similar to that used by ESO in fiber laser development work led by Domenico Bonaccini. To date the main limitation of fiber lasers has been the difficulty in achieving higher power levels such as that required by the ESO specifications. TOPTICA’s proposed risk reduction study is therefore to produce a high power demonstration of their proposed laser design.    

5. Memorandum of Understanding

We have drafted a Memorandum of Understanding (MOU) between all parties (i.e., AURA, ESO, GMT, TMT and WMKO) that is currently being reviewed by all parties.  The purpose of this memo is to establish a sound basis for collaboration in support of our common interest in the successful development of commercially available sodium wavelength lasers for astronomy.  Even in the absence of such an MOU the vendors have agreed to share the preliminary design and risk reduction results with all parties and this sharing is included in our risk reduction contract statements of work.

6. Conclusion

The ESO funded laser preliminary design contracts and U.S. funded laser risk reduction contracts are in place with two very competitive vendors. The AURA sub-award has provided the needed funding to provide the U.S. Observatories with access to two laser preliminary designs at a fraction of the total cost of these designs. We also expect that better designs will result from the additional risk reduction studies supported with the AURA sub-award. This has also allowed us to build an excellent collaboration within the U.S. Observatories and with ESO toward the goal of affordable, commercially available sodium wavelength lasers for our observatories and for astronomy as a whole. 
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7. Introduction

This is the second of four quarterly reports to AURA for sub-award no. C66003A.  This $300,000 sub-award was made to W. M. Keck Observatory (WMKO) in response to a document titled “Sodium-Wavelength Lasers for Astronomical Adaptive Optics” submitted by WMKO, the Giant Magellan Telescope (GMT) and the Thirty Meter Telescope (TMT), proposing a sodium-wavelength laser development program to be carried out in collaboration with the European Southern Observatory (ESO).

8. ESO-funded Laser Preliminary Design and U.S.-funded Laser Risk Reduction Status

Since the last quarterly report TOPTICA had its first and second progress meetings, and FASORtronics had its second progress meeting.  Both vendors are making excellent progress.  

The status of the risk reduction activities were discussed at the first and second FASORtronics progress meetings, and the second TOPTICA progress meeting.  

We had funded FASORtronics for two risk reduction activities, one intended to improve the producibility and maintainability of their design and one to evaluate the proposed design for operation in variable gravity orientations.   At their first progress meeting it was clear that they had made significant progress on a new laser packaging concept that largely alleviated the potential concern about sensitivity to gravity orientation.  At our request FASORtronics re-evaluated the best use of the available risk reduction funds and we discussed their ideas at a May 14 telecon.  FASORtronics subsequently provided a revised risk reduction proposal that was approved.  The revised risk reduction activities include additional development work on the laser’s high power pump light sources, and the design and prototype testing of a laser coolant control system. 

TOPTICA’s funded risk reduction study was to produce a high power demonstration of their proposed laser design.  They were able to show initial results at their June progress meeting.  These results will need additional demonstration and characterization but they appear to be well ahead of schedule on this activity.  

Wizinowich was able to physically attend the June progress meeting at TOPTICA along with the ESO staff.  This was followed by a tour of their facility which is quite impressive.  We plan to have some members of the ESO and U.S. consortium attend the September FASORtronics progress meeting in person. 

	Date
	Completed 2nd Quarter Milestones

	May 14, 2009
	Risk reduction telecon with FASORtronics

	May 15, 2009
	TOPTICA 1st preliminary design progress meeting 

	June 7, 2009
	Revised risk reduction proposal received from FASORtronics

	June 19, 2009
	TOPTICA 2nd progress meeting 

	July 1, 2009
	FASORtronics 2nd progress meeting


	Date
	Planned 3rd Quarter Milestones

	 Aug. 4, 2009
	TOPTICA 3rd progress meeting 

	Early Sept., 2009
	FASORtronics 3rd progress meeting

	Oct. 15, 2009
	TOPTICA 4th progress meeting


To date WMKO has received three risk reduction invoices and progress reports from FASORtronics totaling $37k.  We are anticipating a first invoice from TOPTICA soon.  Note that we receive progress reports from both vendors in advance of the progress meetings and these include discussion of the risk reduction activities.

We have received agreement from both vendors to allow Julian Christou from Gemini to participate in the progress meetings, under the AURA NDA.

9. Memorandum of Understanding

A mutually acceptable Memorandum of Understanding (MOU) between AURA, ESO, GMT, TMT and WMKO is still being reviewed.  In late May, following iterations with the ESO administration and legal department, ESO provided a considerably revised version.  ESO was subsequently receptive to making changes recommended by U.S. consortium members.  The current version is acceptable to AURA, GMT and WMKO, and we are awaiting the results of an evaluation by TMT counsel.  The absence of a signed MOU has not had an impact on our collaboration but it would be good to finalize this process.

10. Other Related Activities

WMKO is currently working on a NSF MRI-R2 proposal to implement one of the new lasers on the Keck II telescope.  This could provide a mechanism for extending collaborations beyond the laser preliminary designs and for gaining U.S. astronomy experience with the development and fielding of one of these lasers, as well as helping to ensure the availability of a vendor on the GSMT timescales.  
11. Conclusion

Both vendors are making excellent progress, including reducing the perceived risks with their respective lasers.  Information is being shared freely between all of the partners in this collaboration.
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12. Introduction

This is the third of four quarterly reports to AURA for sub-award no. C66003A.  This $300,000 sub-award was made to W. M. Keck Observatory (WMKO) in response to a document titled “Sodium-Wavelength Lasers for Astronomical Adaptive Optics” submitted by WMKO, the Giant Magellan Telescope (GMT) and the Thirty Meter Telescope (TMT), proposing a sodium-wavelength laser development program to be carried out in collaboration with the European Southern Observatory (ESO).

13. ESO-funded Laser Preliminary Design and U.S.-funded Laser Risk Reduction Status

Since the last quarterly report TOPTICA had its third and fourth progress meetings, and FASORtronics had its third progress meeting.  Both vendors are making excellent progress on the preliminary designs and risk reduction activities.  The status of the risk reduction activities were discussed at the third and fourth TOPTICA progress meetings, and the third FASORtronics progress meeting.  

FASORtronics’ funded risk reduction studies include development of an alternative high power pump light sources, and design and prototyping of critical subsystems related to packaging and cooling.  Good progress has been made on the alternative light sources and the key issues for the cooling system design. 

TOPTICA’s funded risk reduction study was to produce a high power demonstration of their proposed laser design.  Good progress has been made on this front.  Recent risk reduction work has also included wavefront quality measurements for an electro-optic modulator proposed for the back-pumping scheme.  

Adkins, Boyer, Christou, Ellerbroek and Wizinowich were able to attend the September 11 progress meeting at FASORtronics in person along with the ESO staff.  This was followed by a tour of the TEAM Technologies facility which appeared very capable.  FASORtronics seems to have an excellent relationship with TEAM.

The major milestones completed during the 3rd quarter and planned for the 4th quarter are listed in the following tables.  The design efforts will culminate with the preliminary design review (PDR) meetings in December at ESO headquarters.   

	Date
	Completed 3rd Quarter Milestones

	 Aug. 4, 2009
	TOPTICA 3rd progress meeting 

	Sept. 11, 2009
	FASORtronics 3rd progress meeting

	Oct. 15, 2009
	TOPTICA 4th progress meeting


	Date
	Planned 4th Quarter Milestones

	Dec. 14, 2009
	TOPTICA preliminary design review 

	Dec. 15, 2009
	FASORtronics preliminary design review

	
	


Through September the risk reduction contract costs have totaled $101k at FASORtronics and $75k at TOPTICA. 

14. Memorandum of Understanding

The Memorandum of Understanding (MOU) between AURA, ESO, GMT, TMT and WMKO was completed and was signed by all parties by September 18.

15. Other Related Activities

WMKO, in collaboration with TMT, submitted an NSF MRI-R2 proposal on August 7 to implement one of the new lasers on the Keck II telescope.  We have subsequently worked with ESO to develop a joint procurement plan and to revise some of the laser technical specifications.  Further work is in process to address the differences between our collective requirements and ESO’s.  This proposal, if funded, will help to ensure the availability of a vendor on the GSMT timescales as well as providing direct U.S. astronomy experience with the development and fielding of one of these lasers.  

16. Conclusion

Both vendors are making excellent progress, including reducing the perceived risks with their respective lasers.  Information is being shared freely between all of the partners in this collaboration.  The preliminary design data packages are due from the vendors on November 15 and will be reviewed prior to the December PDR meetings.
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17. Introduction

This is the final of four quarterly reports to AURA for sub-award no. C66003A.  This $300,000 sub-award was made to W. M. Keck Observatory (WMKO) in response to a document titled “Sodium-Wavelength Lasers for Astronomical Adaptive Optics” submitted by WMKO, the Giant Magellan Telescope (GMT) and the Thirty Meter Telescope (TMT), proposing a sodium-wavelength laser development program to be carried out in collaboration with the European Southern Observatory (ESO).

18. ESO-funded Laser Preliminary Design and U.S.-funded Laser Risk Reduction Status

Since the last quarterly report the preliminary designs, risk reduction activities and preliminary design reviews were completed for both TOPTICA and FASORtronics.  

	Date
	Planned 4th Quarter Milestones

	Dec. 14, 2009
	TOPTICA preliminary design review 

	Dec. 15, 2009
	FASORtronics preliminary design review


Corinne Boyer (TMT), Jason Chin (WMKO), Ellerbroek (TMT), Richard Oram (Gemini) and Peter Wizinowich (WMKO) participated as reviewers at the two PDRs, along with 10 members of the ESO technical staff.  Sean Adkins (WMKO) also provided comments on the review documentation.  A video/phone link was available for other members of our consortium and was utilized by Jay Elias and Matt Johns.  The preliminary design and management documentation was available in advance of the reviews which provided time for us all to follow the ESO process of submitting Review Item Discrepancy (RIDs) and Comment (RIC) forms.  The pre-review was very thorough with 95 RIDs and 166 RICs submitted for FASORtronics, and 81 RIDs and 128 RICs for TOPTICA.  These were all answered in writing by the vendors prior to the meeting and the reviewers were asked to determine if the RIDs they submitted were closed.  The PDRs themselves then consisted of overview presentations in key areas followed by further discussion of the remaining open RIDs.  The final review board reports, prepared by the chair Florian Kerber, were distributed on January 22.  In both cases the review board considered the PDR passed with minor action items.        

FASORtronics’ funded risk reduction studies include development of an alternative high power pump light sources, and design and prototyping of critical subsystems related to packaging and cooling.  Overall it was found that the alternative light sources were not a viable option at the present time.  The packaging and cooling issues were all resolved to allow for a compact and apparently robust design. 

TOPTICA’s funded risk reduction study was to produce a high power demonstration of their proposed laser design.  This demonstration exceeded the requirements, and TOPTICA was able to use this development work to identify a simpler scheme as an option at the PDR.  They subsequently were able to fully demonstrate the simpler option at the required powers and have proposed this as their preferred option for the next phase of development and supply if they are the selected vendor.   

Through January the risk reduction contract costs have totaled $161k at FASORtronics and 125kEuros (~$169k) at TOPTICA.  The additional funding, beyond the AURA sub-award, was provided by WMKO. 

19. Related Activities

WMKO, in collaboration with TMT, submitted an NSF MRI-R2 proposal on August 7, 2009 to implement one of the new lasers on the Keck II telescope.  This proposal assumed collaboration with ESO during the final design and pre-production laser development phases in order to distribute the non-recurrent engineering costs.  A purpose of this proposal was to help to ensure the availability of a vendor on the GSMT timescales as well as providing direct U.S. astronomy experience with the development and fielding of one of these lasers.  Unfortunately we learned on January 28, 2010 that this proposal did not receive an NSF award.  The reviewer reports contained positive reviews and a recommendation for funding.  Based on this feedback, especially clear ways to address the identified weaknesses, we are likely to re-submit the proposal to MRI (the next call is due April 21, 2010).   

In support of the MRI proposal and ESO’s schedule (ESO’s Finance Committee will meet on February 9 to make the final vendor selection) WMKO has been working with ESO, TMT and the vendors to ensure that all the necessary documentation and other elements will be in place if WMKO funding can be found.  Ellerbroek and Wizinowich participated in developing ESO’s technical evaluation comparison between the two vendors immediately after the laser PDRs.  

WMKO met with both vendors after the PDR to discuss the U.S., Mauna Kea and WMKO specific requirements that WMKO/TMT had previously provided them.  These discussions are ongoing to determine the financial impact.  In some cases ESO may also be willing to sign up to modified specifications that are mutually beneficial.  ESO received the vendor quotes in early January and the vendors shared these with WMKO in mid-January.  

A draft ESO/WMKO agreement for joint participation and cost-sharing during the laser final design and laser prototyping phasing is being reviewed.  The TMT/WMKO agreement is in place.  All parties are still interested in pursuing this agreement despite the recent MRI-R2 non-funding news.

20. Conclusion

Both vendors have produced excellent preliminary designs and viable management plans.  The AURA risk reduction funds allowed both vendors to address what were perceived as their biggest weaknesses.  In the TOPTICA case this was demonstrating that they could produce a sodium wavelength laser at the required power.  In the FASORtronics case it, while it was clear that the team had produced a working 50 watt sodium wavelength laser, the question was, could they produce a commercial product?  As a result of the ESO preliminary design funding combined with the AURA funding the community has two very viable product options to choose from. However, cost will be the deciding factor for the ESO selection and will likely determine which product continues to be developed.

The AURA funds also allowed our U.S. consortium to participate in the design process, to have access to the designs and to develop relationships with the two vendors.  This was done in a very collaborate manner, although ESO certainly had more influence given their PDR funding and impending contract.  This process has significantly reduced the technical and cost risk associated with lasers for all of our projects.  

Unfortunately, the Non-Disclosure Agreements (NDAs) with both vendors, necessary to protect their interests, especially during this competition, has prevented discussion of the designs and costs outside of the group signing the NDAs.  The inability to include design and cost information in our MRI-R2 proposal was also identified as a weakness by the proposal reviewers.  We expect that the winning vendor will be more willing to publicly share their approach once the ESO contract has been awarded, and we will encourage them to do so.

Our AURA-funded collaboration with ESO during the laser preliminary designs has also opened the door to further U.S./European collaboration during the next phases of this commercial laser development to ensure that the future needs of our Observatories are met.  
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