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The wavefront sensor design team presented the optical and mechanical preliminary designs for the LGSWFS and pickoff systems at this review. Presenters were Alex Delacroix, Viswa Velur, and Richard Dekany. The reviewers were Donald Gavel (chair), Thomas Stalcup, and Chris Lockwood, with significant additional help from Peter Wizinowich.

Conclusions: Technical Feasibility and Readiness
The review committee believes that the WFS design approach is headed in the right direction to meet requirements, with the results so far reflecting well on the expertise and experience of the design team. In particular, the theta-phi pickoff system and the pivot mounting of the WFS optical rail are a solid foundation for the design. Congratulations to the WFS team for a well-thought-out design approach. The review team did however find significant weakness in the documentation text and supporting calculations that should be addressed well in advance of PDR. Specific recommendations are given below.
We recommend that prior to PDR, the design team: 1) Create a wavefront sensor internal error budget with a bottom line consistent with the system error budget assignment, and clearly indicate how various design choices (pixel scale, incoming wavefront quality, etc.) are affecting the budget. 2) Create a dynamic range budget, given incoming wavefront aberrations due to atmosphere, telescope, defocus, calibration, etc. and demonstrate that the design is capable of reaching the error budget over the dynamic range. The text in the optical design sections needs to be made more readable so as to enable handoff to the next design phase without undo rework. We strongly recommend that sections 5.1 and 5.2 be edited significantly adding more explanatory text.
We strongly recommend that the key tolerance analyses be completed. These include: 1) manufacturing tolerance of the optical elements and their effect on dynamic range and calibration, 2) mechanical tolerance analysis that leads to setting the range and accuracy requirements of moving mechanisms and motors, 3) thermal analysis and the effect on, again, dynamic range and calibration, and drifts. For the later, it is important to remember that the LGS WFS baseline location is outside of the temperature controlled chamber. Will it be necessary to temperature-control the LGS WFS environment (albeit at higher temperature than the AO bench)?
Other reviewer recommendations for project completeness are given in the Other Specific Recommendations section below.

Conclusions: Risk
The committee believes that the present design is overall low-risk overall given the prior experience with such systems. The particular high-risk items were called out in a risk register presented in the review materials. The availability of the 256^2 pixel detector is the main risk item since it doesn’t exist yet, but is well on the way toward delivery by Lincoln Labs next year. The committee has concluded that structural vibration or thermal drift performance are not well known enough at this time to fully assess their risk, which is a major motivator for completing this work by PDR.
Conclusions: Cost

The committee finds that the present design appears to be a reasonable approach for cost effectiveness. There are no specific recommendations from the committee regarding cost.

Other Specific Recommendations

The questions from each of the reviewer’s initial commentary should all be evaluated and addressed in the final documentation as deemed necessary. These initial comments will not be repeated here. Below are some additional comments that came up during the review meeting:

1. Since the LGS change distance with changing zenith angle, it is necessary for the WFS to track focus. The overall system procedure for LGS focus tracking needs to be documented. The flow-down to requirements on the LGS WFS focus tracking mechanisms should be documented.

2. Pupil registration should be analyzed to determine if this drives additional requirements on WFS opto-mechanics. However, the review team felt that it was probably unnecessary to have an active pupil steering mirror in each WFS leg, given a nominally telecentric input beam.
3. A WFS calibration process needs to be developed and documented. Calibration parameters might include nonlinearity departure of centroid position, pupil distortion, pupil registration (and changes of the aforementioned with zenith angle).
4. A tolerance analysis of the roving (“point-and-shoot”) LGS pickoffs needs to be flowed down to requirement on the pickoff mechanisms. These may be relatively loose but there needs to be collaboration with the laser projection design team to make sure that the entire process of pointing and acquiring holds together with a reasonable operations scenario.

5. The accessible region of the roving LGS pickoffs needs to have a requirement stated and the design documentation should clearly show how the region is covered so as to meet this requirement. This may be done with several representative random configurations, or with an animation.

6. Handling and mounting procedures for the rather hefty (100 kg) WFS structure need to be established and documented. Considerations are: assembly method, rough-in alignment, maintenance, and earthquake safety.

