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NGAO System Design Phase: Work Scope Planning Sheet

This planning sheet should be prepared and approved prior to performing significant work on an NGAO WBS element. The purpose of this process is: 1) to ensure common expectations between the WBS element lead, WBS element participants and the NGAO Executive Committee, and 2) to ensure that trade studies are performed in an efficient and effective manner.  

1. WBS Element Details: 

3.1.2.3.3 LGS Asterism Geometry and Size Trade Study 

“Find the simplest LGS asterism geometry meeting the performance budget goals (e.g. quincunx, ring, 1+triangle, or hex) and the asterism radii. Consider optimization of the Strehl of the tip/tilt stars and the resultant sky coverage as well. Complete when LGS asterism, HO WFS, and LO WFS requirements have been documented.”
Lead: Ralf Flicker

2. Revision history:

	Date
	Change Description

	11/07/2006
	original submission


3. Internal dependencies:

3.1.1.1.1 TMT site monitoring data mining (KAON 415, turbulence model).
4. External dependencies:

· A 48x48 sub-aperture configuration is adopted and retained throughout this trade study, since it is the baseline option being considered for NGAO, and the tomography error is only a weak function of the number of sub-apertures.

· The final turbulence model used is a combination of the MASS profile from KAON 415, with the ground layer strength and overall seeing taken from the February 2005 Gemini GLAO FSR (figure 4). The statistical parameters given by this equivalent median model atmosphere are given in the table below:

	Seeing
	r0
	(0
	d0
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	0.65”
	0.156 m
	3.10”
	5.60 m 
	3.26 km


· For one part of the trade study, the sample wavefront error budgets prepared for 6 specific science cases as presented in the 2006 June 18 NGAO proposal are taken as starting point for comparison with new estimates of the tomography error term produced in this trade study.

· Further model assumptions pertaining to the computational method are outlined under section 7 Methodology.

5. Outcomes:

The trade study will produce a set of performance estimates pertaining only to the tomographic wavefront estimation capacity of the chosen LGS configuration. The set will cover a parameter space both in terms of LGS configurations and seeing conditions sufficient for making an informed decision on which LGS asterism to adopt for the NGAO system. Apart from these parameter studies (which investigate the general scaling laws), a number of point simulations are also carried out to test specifically the viability of the sample science case configurations presented in the wavefront error budget section of the 2006 June 18 NGAO proposal.

The deliverables of this trade study include:

· Plots of tomography error versus LGS asterism geometry (fixed size, narrow-field, fixed seeing)

· Plots of tomography error versus seeing, for a subset of  LGS asterisms

· Plots of tomography error resolved over a wide FoV versus size of LGS asterism, for a subset of  LGS asterisms

· Point comparisons with sample science case configurations.

· A recommendation for a subset of LGS asterism that come out of this trade study as the most viable candidates for the NGAO system.

· The results above results (including an overview of the simulation tool) written up both in a KAON and as a presentation.

· The simulation tool used/developed within this study will be publicly available for continuing parts of the trade study that may need to be complemented at some later stage. 

6. Methodology:

This study needs to estimate the error due to imperfect LGS tomography separately from any other effects in the AO system. The approach adopted is a Monte Carlo type simulation code (i.e. not a covariance calculation) that by a method of undersampling the atmospheric turbulence content is able to separate out the effects solely due to LGS tomography estimation and reconstruction. The model uses a sparse conjugant gradient solver and a maximum a posteriori (MAP) wavefront estimator in order to manage the simulation of very-high-order systems. This model is described in detail in Flicker, R. “First-order performance estimation for high-order adaptive optics systems,” Astron. Astroph. Vol. 405 (2006). The simulation method has been verified to reproduce canonical NGS and LGS anisoplanatism (as derived from first principles and expressed in analytical expressions) with very good accuracy. The model includes a NGS subsystem for correction of the LGS null-modes, but even under ideal conditions a small wavefront error would be present as an effect of this system not being able to perfectly compensate for differential tilt over the FoV. Therefore the tilt-removed wavefront error will be reported as the outcome of the LGS tomography process, which is free from NGS-related wavefront errors. 

7. Estimate of effort:

Estimated number of hours of work required to complete the trade study: 80 hr.

Initial estimate from NGAO SD project plan: 20 hr. http://www.oir.caltech.edu/twiki_oir/pub/Keck/NGAO/SystemDesignPhasePlanning/NGAO_SD_schedule_v20.mpp http://www.oir.caltech.edu/twiki_oir/pub/Keck/NGAO/SystemDesignPhasePlanning/NGAO_SD_schedule_v20.pdf 
8. Approvals (by Dekany & Wizinowich – approved sheets will be posted on the NGAO Twiki):
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