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1. Introduction

This document is intended to provide a brief summary of the work accomplished during the Next Generation Adaptive Optics (NGAO) System Design (SD) phase.  The SD phase is the initial design phase for W.M. Keck Observatory (WMKO) development projects.  Successful completion of the SD phase will allow the project to move into the preliminary design phase.  
2. Recommended Reading and Background Information
All of the system design phase products are documented in Keck Adaptive Optics Notes (KAONs).  We recommend that the system design phase reviewers also read the following key documents:

· Science Case Requirements Document (KAON 455)
· System Requirements Document (KAON 456)

· Functional Requirements Summary (KAON )

· System Design Manual (KAON 511)

· Summary of NGAO Trade Studies (KAON 495)

· Technical Risk Evaluation (KAON 510)

· Programmatic Risk Evaluation (KAON 566)

· Systems Engineering Management Plan (KAON )

A few other documents can provide useful information to the reviewer on how we came to our design decisions:

· Trade Studies Summary (KAON 495)

· System Architecture Definition (KAON 499)

A list of all the NGAO-related KAONs produced through the system design phase can be found in Appendix A or at http://www.oir.caltech.edu/twiki_oir/bin/view/Keck/NGAO/NewKAONs.   This web site is located within a Twiki site (http://www.oir.caltech.edu/twiki_oir/bin/view.cgi/Keck/NGAO/WebHome) that was established early in the system design phase as a combination management, document sharing and document maintenance tool.  This Twiki site continues to be very actively used by the project team.

3. Motivation for the Development of NGAO

The Keck telescopes are the world’s largest optical and infrared telescopes.  Because of their large apertures they offer the highest potential sensitivity and angular resolution currently available.  WMKO has already demonstrated scientific leadership in high angular resolution astronomy with the first natural guide star (NGS) and laser guide star (LGS) AO systems on 8-10 meter diameter telescopes.  The importance of achieving the full potential of the Keck telescopes is recognized in the Observatory’s strategic plan which identifies continued leadership in high angular resolution astronomy as a key long-term goal.

In order to maintain our leadership in this field we must pursue new AO systems and the instrumentation to exploit them.  We have examined, and are continuing to examine, a broad range of key science goals in order to identify the most compelling high angular resolution science priorities of our community and to determine what is needed to realize these goals.  As a result we have identified that NGAO should provide the following suite of capabilities:

· Dramatically improved performance at near infrared wavelengths.  

· Both significantly higher Strehls (≥ 80% at K) and lower backgrounds will result in improved sensitivity.  

· Improved point spread function (PSF) stability and knowledge will result in improved photometry, astrometry and companion sensitivity.

· Increased sky coverage and a multiplexing capability, enabling a much broader range of science programs

· Improved correction of tip/tilt stars will result in improved sky coverage.

· Multiplexing will provide dramatic efficiency improvements 

· AO correction in the red portion of the visible spectrum (0.6-1.0 µm)

· Strehls of 15 to 25% at 750nm, will result in the highest angular resolution of any existing filled aperture telescope.

· Science instruments to facilitate the range of science programs envisioned for NGAO.

NGAO will be a broad and powerful facility with the potential to achieve major advances in astrophysics.  It will provide dramatic gains in solar system and galactic science where AO has already demonstrated a strong scientific impact.  NGAO will also allow for extraordinary advances in extragalactic astronomy, far beyond the initial gains being made with the Observatory’s current AO systems.

The NGAO proposal (KAON 400) and NGAO proposal executive summary (KAON 399) provide more background on the motivation for the development of NGAO.  Further scientific motivation is provided in the NGAO science case requirements document (KAON 455).

4. System Design Phase Proposal and Management
4.1  Proposal

A proposal (KAON 399 and 400) for NGAO was presented at the June, 2006, Science Steering Committee meeting.  The proposal was approved to proceed to the SD phase.  The Directors of W.M. Keck Observatory (T. Armandroff and H. Lewis), Caltech Optical Observatories (S. Kulkarni) and the University of California Observatories (M. Bolte) subsequently set up an Executive Committee (EC) to manage the NGAO SD phase.  The EC consists of P. Wizinowich (chair), R. Dekany, D. Gavel and C. Max (Project Scientist).

4.2  System Design Phase Plan

The EC prepared a Systems Engineering Management Plan (SEMP) for the NGAO System Design Phase (KAON 414).  This plan was approved by the Directors and work began on the SD phase in October, 2006.  
Two re-planning activities were scheduled in the original system design phase plan.  The results of the two re-plans are documented in KAONs 481 and 516. 
4.3  System Design Phase Objectives and Deliverables
The objectives and deliverables for the system design phase are defined in KAON 414.  The primary objective of the system design phase is to establish a design approach that meets the scientific and user requirements established for the system.  

The four major system design phase deliverables are: the System Requirements Document, the System Design Manual, the SEMP for the remainder of the project and the System Design Report (SDR – this document).  The purpose and status of the first three of these deliverables is discussed in subsequent sections of this document.  
4.4  Project Reports
The EC issued NGAO progress reports versus this plan prior to each SSC meeting (KAONs 459, 473, 494, 512, 514 and 557). 

5. Requirements

There are three main requirements documents:

· The Science Case Requirements Document (SCRD).  KAON 455. 

· A 1-page summary of the science case requirements is attached as Appendix B (KAON 548).

· The System Requirements Document (SRD). KAON 456.

· The Functional Requirements Document (FRD). 

There is a fourth requirements document that is referenced by the SRD.  This is the Instrument Baseline Requirements Document (IBRD) which contains Observatory standard requirements for any instrument.

The requirements process can be summarized as follows:

1. The science case requirements are developed in the SCRD.

2. The science case requirements from the SCRD, and additional requirements imposed by the Observatory, are tabulated in the Overall Requirements section of the SRD.  These overall requirements are then flowed down to discipline based requirements in the SRD.  The requirements are generally divided between performance, implementation and design requirements.  The disciplines are Optical, Mechanical, Electronic/Electrical, Safety, Software, Interface, Reliability, Spares, Service and Maintenance, and Documentation.  Note that the SRD avoids prescribing specific design or implementation solutions.

3. The FRD flows down the requirements from the design-independent SRD to requirements on a few high level subsystems.  The flow down of the SRD requirements to the FRD requirements is frequently a design choice that could be revisited.  The subsystems are chosen to divide the NGAO system into functions that would be required independent of the selected architecture.  At minimum these subsystems include the AO system, laser facility, science operations facility and science instruments with further subdivision as appropriate.  For each subsystem there is a section describing the architectural assumptions, followed by a breakdown of the requirements by the same disciplines as used in the SRD. 

The FRD provides the criteria against which the subsystems will be evaluated.  The SRD provides the criteria against which the NGAO system will be evaluated.
5.5 Science Case Requirements Document

The SCRD documents X key science case drivers and Y additional science case drivers.  These cases were selected because they represented important science cases that would define the requirements on the AO system and science instruments from different perspectives.  
5.6 Science Case Requirements Summary
A high level summary table of the science requirements can be found in Appendix B.  In this section a brief description of each of these requirements is provided.  The summary table groups the requirements by three categories: physical, performance and operational.  The requirements are then written down for each science instrument: visible imager, visible spectrograph, near-IR imager, near-IR spectrograph, near-IR deployable IFU and the interferometer.  The science cases that drive these requirements are listed at the bottom of each column; and these science cases are defined in the table at the lower left.  There is also a category of “Other” requirements and goals in the spreadsheet that is discussed at the end of each subsection.

5.6.1 Physical Requirements

· Wavelength range.  

· The visible instruments require a transmitted wavelength range of 0.7 to 1.0 µm, with a goal of a lower wavelength limit below H( (0.6563 µm).  

· The near-IR instruments require a transmitted range from 1.0 to 2.4 µm, including the J, H and K spectral bands, but also as a goal the Y and z-bands (0.98-1.20 µm).

· The interferometer requires coverage from J through L-band, with a goal to N-band.

· Field of view diameter

· The field of view requirements for the narrow-field instruments is relatively modest.  A decision was made, in consultation with the Keck AO Working Group, to provide a 30” diameter field to allow for science cases not considered as well as dithering and finding a point source.

· The field of view requirement for the deployable IFU is 1”x3”.  This allows adequate field to dither a < 1” diameter science object and to have a sky background in the field.

· The interferometer’s field of view is quite small leading to a ≥ 1” diameter requirement.

· Field of regard diameter

· This is applicable to the instruments where the field of view can be positioned over a larger field of regard.

· The requirement for the deployable IFU heads is ≥ 120” diameter. 

· The requirement for the interferometer is ≥ 60” diameter to allow for simultaneous observation of an on-axis phase referencing star and an off-axis science target.

· Science detector pixel size

· The visible and near-IR imager pixels should be sized to Nyquist sample the image at R-band (≤ 7 mas) and J-band (≤ 13 mas), respectively.

· In the case of the deployable IFU there should be 2 pixels per spaxel (the spaxel is the spatial resolution element defined by for example a lenslet).  This corresponds to ≤ 35 mas.

· Minimum number of IFUs

· The goal is to have 6 or more IFUs, however the requirement is only 4. 

· IFU separation

· The > 1 IFU in a 10”x10” field is driven by the desire to observe two or more stars simultaneously at the Galactic Center.

· AO background

· For all near-IR instruments the requirement is that the AO system contribute ≤ 30% of the total background, or emissivity, seen by the science instrument. 

· Other

· Goal is for AO to transmit to as short a wavelength as H( (653 nm).

· The NGS wavefront sensor field of regard should be ≥ 15” diameter.  This was intended to allow the NGS to be anywhere in the science field.

· Goal is to provide a full field (20” square for the visible and 40” square for the NIR) to a 2k Nyquist sampled detector.  The requirement agreed to from a discussion with the AOWG was for a 30” diameter field to the narrow field science instruments.  

5.6.2 Performance Requirements

The performance requirements must be met under median seeing conditions (as defined in KAON 503 and summarized in the bottom right corner of the spreadsheet): r0 = 18 cm and (0 = 2.9”.

· Sky coverage

· In all cases, with the exception of the interferometer, the following performance criteria are required to be met over ≥ 30% of the sky.

· High order wavefront error (WFE) for ≤ 5” field of view

· The requirement on residual rms WFE after correction is ≤ 170 nm as delivered to the science focal plane of the narrow field imagers and spectrographs.  High order refers to all terms higher than tip and tilt.   

· Tip/tilt error

· The requirement on residual rms tip/tilt error is ≤ 15 mas as delivered to the science focal plane of the narrow field imagers and spectrographs for the ≥ 30% sky coverage case.  For the special case of the Galactic Center the requirement is ≤ 3 mas.

· 50% ensquared energy

· Ensquared energy was determined to be a more relevant requirement for the NIR deployable IFU (the corresponding high order and tip/tilt errors can be derived from this requirement).  The requirement is for 50% of the energy to be enclosed in an area of ≤ 70 x 70 mas.

· Companion sensitivity

· This requirement is relevant only to the visible and NIR imagers.  The requirement is written for different filters and different angular separations according to the relevant science case.  For example, for planets around low mass stars ΔJ ≥ 8.5 at 0.1” from the primary star and ΔJ ≥ 11 at 0.2” separation.

· Photometry

· The relative photometry requirement is ≤ 0.05 magnitudes for both imagers.

· Astrometry

· The requirement is on relative astrometry for both imagers.

· Polarimetry

· The polarimetry requirement is only relevant to the imagers and is currently TBD.

5.6.3 Operational Requirements

· Point Spread Function (PSF) estimation

· An estimate of the PSF, for post-processing purposes, is required for both imagers and is a goal for both spectrographs.  A spectrum of the PSF is required for the deployable NIR IFU.  The accuracy of this estimate is TBD.

· Differential tracking

· For solar system science there is a requirement to be able to use a sidereal rate object for tip/tilt correction of a solar system object.

· Acquisition accuracy

· The acquisition system should be able to position the science object on the science field to the indicated accuracy without taking a science exposure.  Generally, this is 10% of the field size, however for the case of placing an object on a slit the requirement is significantly more stringent (≤ 0.25λ/D).

· Dither distance, accuracy and time

· Dithers are routinely used to move the science object on the science detector.  This is done for purposes of mosaicing, sky subtraction and removal of detector non-uniformities.  The dither distance is the maximum possible dither for a single dither.  The dithers must be done accurately for later shift-and-adding of the images.  Since dithers are done frequently they need to have small time overheads between ending one exposure and beginning the next.

· Micro dither distance, accuracy and time

· Micro dithers are used to accurately position an object on a slit or coronagraph mask.  This is a requirement on a relative move.

· Nod reacquisition time

· A nod is performed to move the object off the science instrument in order to obtain a sky.  This requirement is on the time from beginning the nod of the science object back onto the detector to the time when the science exposure can begin (with all AO loops properly locked).

· Positioning knowledge

· Knowledge of the relative position of the science detector on the sky is important to allow co-adding of images.

· Science image drift

· This defines the requirement on the stability of the science field with respect to the AO system.  The requirement is to have this drift ≤ 5 mas per hour.

· NGS mode

· Generally speaking it is a requirement to have an NGS mode.  In the case of the NIR deployable IFU only one of the IFUs is required to do science in NGS mode.

· AO instrument switching

· This requirement is driven by the desire to do both imaging and spectroscopy on the same night.  The requirement is to be able to switch between the visible imager and spectrograph, and similarly be able to switch between the NIR imager and spectrograph.  

· AO backup switching

· The availability of an NGS mode and instrument switching already allows for backup in the case of laser problems, instrument problems or poor atmospheric conditions.  In poor seeing conditions it is also a goal to be able to switch to the NIR instruments where some science may still be possible.

· Other

· The interferometer requirements must be met by a NGAO mode including matched fields, polarization, etc. from both telescopes.

· A non-AO backup is required for all cases.

· Both fixed field and fixed pupil modes are required to be supported.

· The acquisition system must provide a means of acquiring the tip/tilt stars and the LGS beacons.

· Appropriate alignment, calibration and diagnostic tools must be provided. 

5.7 System Requirements Document

5.8 Functional Requirements

The functional requirements have all been input into a requirements database tool to support long term requirements tracking and maintenance.   

6. System Design Manual

Our approach to the design process was to break it into the following phases with appropriate iteration between these phases, as well iterations with the system requirements:
· Development of performance budgets, including determining the best model assumptions and validating the modeling tools.
· Performance of a number of trade studies to support future design choices.

· Development of a system architecture.

· Performance of a technical risk analysis.

· Development of the functional requirements.

· Development of the subsystem designs.

The results of this work are summarized in the System Design Manual (SDM – KAON 511).  The SDM references a significant number of KAONs where more details can be found.  
7. Systems Engineering Management Plan
A SEMP (KAON xxx) has been produced for the remainder of the project.  The project plan includes a work breakdown structure with task definitions, cost estimates, management plans including risk management, major milestones, and an MS Project plan.  A more detailed set of milestones and MS Project plan is provided from the preliminary design phase.  This SEMP also includes a summary of how the team performed during the SD phase in terms of deliverables, schedule and budget.   

8. Conclusion
We believe that we have successfully completed the SD phase and that we have a viable technical and management path forward to the realization of a very powerful scientific capability with NGAO.  We are anxious to continue into the preliminary design phase. 
Appendix A.  NGAO Keck Adaptive Optics Notes Sorted by Categories

	KAON
	Title
	Program Mgmt
	Requirements
	Model Validation
	Performance
	AO Trade Study (TS)
	Laser TS
	Operations TS
	Instrument TS
	System Architecture
	System Design

	303
	Mauna Kea Atmospheric Parameters 
	 
	 
	x
	 
	 
	 
	 
	 
	 
	 

	399
	NGAO Proposal Executive Summary
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	400
	NGAO Proposal  
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	414
	System Design Phase: Systems Engineering Mgmt Plan
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	415
	TMT site monitoring data (restricted access)
	 
	 
	x
	 
	 
	 
	 
	 
	 
	 

	416
	Atmospheric sodium density from Keck LGS photometry
	 
	 
	x
	 
	 
	 
	 
	 
	 
	 

	417
	Sodium abundance data from Maui Mesosphere
	 
	 
	x
	 
	 
	 
	 
	 
	 
	 

	419
	Simple models for the prediction of Na LGS brightness & comparison to measured returns from Gemini & Keck
	 
	 
	x
	 
	 
	 
	 
	 
	 
	 

	420
	Accessing the MK TMT seeing & weather data (restricted)
	 
	 
	x
	 
	 
	 
	 
	 
	 
	 

	427
	Variable vs. fixed LGS asterism
	 
	 
	 
	 
	x
	x
	 
	 
	 
	 

	428
	Implications & requirements for Interferometry with NGAO
	 
	 
	 
	 
	 
	 
	 
	x
	x
	 

	429
	LGS asterism geometry & size
	 
	 
	 
	 
	x
	x
	 
	 
	 
	 

	452
	MOAO vs. MCAO trade study
	 
	 
	 
	 
	 
	 
	 
	 
	x
	 

	455
	Science Case Requirements Document (SCRD) 
	 
	x
	 
	 
	 
	 
	 
	 
	 
	 

	456
	System Requirements Document (SRD)
	 
	x
	 
	 
	 
	 
	 
	 
	 
	 

	459
	NGAO System Design Phase Report #1 
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	461
	Wavefront error budget predictions & measured performance for current & upgraded Keck AO 
	 
	 
	x
	x
	 
	 
	 
	 
	x
	 

	462
	Keck AO upgrade trade study 
	 
	 
	 
	 
	 
	 
	 
	 
	x
	 

	463
	Lessons learned on LGS operations: weather impact, …
	 
	 
	 
	 
	 
	 
	x
	 
	 
	 

	465
	LGS wavefront sensor: Type & number of subapertures 
	 
	 
	 
	 
	x
	 
	 
	 
	 
	 

	466
	Computer simulations of AO PSFs for NGAO 
	 
	 
	x
	 
	 
	 
	 
	 
	 
	 

	468
	Algorithm for reconstruction of Keck telescope segment figures 
	 
	 
	x
	 
	 
	 
	 
	 
	 
	 

	469
	Effect of segment figure errors on Keck AO performance 
	 
	 
	x
	 
	 
	 
	 
	 
	 
	 

	470
	Sky coverage modeling 
	 
	 
	 
	 
	x
	x
	 
	 
	 
	 

	471
	Wavefront Error Budget 
	 
	 
	 
	x
	 
	 
	 
	 
	 
	 

	472
	GLAO for non-NGAO instruments 
	 
	 
	 
	 
	 
	 
	 
	 
	x
	 

	473
	System Design Phase Report #2
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	474
	Photometry for NGAO 
	 
	 
	 
	x
	 
	 
	 
	 
	 
	 

	475
	Tomography Codes Comparison and Validation for NGAO 
	 
	 
	x
	 
	 
	 
	 
	 
	 
	 

	476
	Observing Models Trade Study 
	 
	 
	 
	 
	 
	 
	x
	 
	 
	 

	480
	Astrometry for NGAO 
	 
	 
	 
	x
	 
	 
	 
	 
	 
	 

	481
	System Design Phase Mid-FY07 Replan 
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	482
	Keck Telescope Wavefront Error Trade Study 
	 
	 
	x
	 
	 
	 
	 
	 
	 
	 

	483
	Keck Interferometer Support Trade Study 
	 
	 
	 
	 
	x
	 
	 
	x
	 
	 

	484
	Optical Design Standards for NGAO
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	485
	Adaptive Secondary Mirror Trade Study 
	 
	 
	 
	 
	 
	 
	 
	 
	x
	 

	487
	LOWFS Architecture Trade Study 
	 
	 
	 
	 
	x
	 
	 
	 
	 
	 

	490
	Rayleigh Rejection Trade Study 
	 
	 
	 
	 
	x
	x
	 
	 
	 
	 

	491
	Performance Budget Summary
	 
	 
	 
	x
	 
	 
	 
	 
	 
	 

	492
	Null-mode & Quadratic Mode Tomography Error 
	 
	 
	 
	 
	x
	 
	 
	 
	 
	 

	493
	Science Instrument Reuse Trade Study 
	 
	 
	 
	 
	 
	 
	 
	x
	 
	 

	494
	System Design Phase Report #3 
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	495
	Summary of NGAO Trade Studies
	 
	 
	 
	 
	x
	x
	x
	x
	 
	 

	496
	MK turbulence statistics from the T6 MASS/DIMM (restricted)
	 
	 
	x
	 
	 
	 
	 
	 
	 
	 

	497
	High-contrast & companion sensitivity performance budget
	 
	 
	 
	x
	 
	 
	 
	 
	 
	 

	499
	System Architecture definition
	 
	 
	 
	 
	 
	 
	 
	 
	x
	 

	500
	Keck AO upgrade feasibility 
	 
	 
	 
	 
	 
	 
	 
	 
	x
	 

	501
	Background & transmission budgets
	 
	 
	 
	x
	 
	 
	 
	 
	 
	 

	502
	Keck AO Upgrade engineering costs basis
	 
	 
	 
	 
	 
	 
	 
	 
	x
	 

	503
	Mauna Kea Ridge turbulence models
	 
	 
	x
	 
	 
	 
	 
	 
	 
	 

	504
	Performance vs. technical field of view for LOWFS
	 
	 
	 
	 
	x
	 
	 
	 
	 
	 

	506
	Split relay evaluation (packaging constraints, tip/tilt stability)
	 
	 
	 
	 
	 
	 
	 
	 
	x
	 

	509
	Uplink compensation trade study
	 
	 
	 
	 
	x
	x
	 
	 
	 
	 

	510
	Preliminary technical risk evaluation
	x
	 
	 
	 
	x
	x
	 
	 
	x
	 

	511
	System Design Manual
	 
	 
	 
	 
	 
	 
	 
	 
	x
	 

	512
	System Design Phase Report #4
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	514
	System Design Phase Report #5
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	516
	System Design Phase Early-FY08 Replan
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	529
	Optimum Pixel Sampling for Asteroid Companion Studies
	 
	x
	 
	 
	 
	 
	 
	 
	 
	 

	546
	System Design Cost Estimation Guidelines
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	548
	Science Cases Requirements Summary
	 
	x
	 
	 
	 
	 
	 
	 
	 
	 

	549
	Optical Relay System Design Report
	 
	 
	 
	 
	 
	 
	 
	 
	 
	x

	550
	System Configurations Spreadsheet
	 
	 
	 
	 
	 
	 
	 
	 
	x
	 

	551
	Wavefront Sensor System Design Report
	 
	 
	 
	 
	 
	 
	 
	 
	 
	x

	552
	Atmospheric Profiler System Design Report
	 
	 
	 
	 
	 
	 
	 
	 
	 
	x

	553
	Real-time Control System Design Report
	 
	 
	 
	 
	 
	 
	 
	 
	 
	x

	554
	Passband Definitions
	 
	x
	 
	 
	 
	 
	 
	 
	 
	 

	555
	NGAO to Instruments Interface Definitions
	 
	 
	 
	 
	 
	 
	 
	 
	x
	 

	557
	System Design Phase Report #6
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	558
	Dithering and Offsetting with NGAO: possible designs
	 
	 
	 
	 
	 
	 
	 
	 
	x
	 

	562
	Interim LOWFS and LGS OSM conceptual study report
	 
	 
	 
	 
	 
	 
	 
	 
	 
	x

	563
	AO Enclosure System Design
	 
	 
	 
	 
	 
	 
	 
	 
	 
	x

	564
	Laser Enclosure System System Design
	 
	 
	 
	 
	 
	 
	 
	 
	 
	x

	565
	LOWFS Object Selection Mechanism Prototyping Proposal
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	566
	Programmatic Risk Evaluation
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	567
	Acquisition System Design
	 
	 
	 
	 
	 
	 
	 
	 
	 
	x

	568
	Alignment, Calibration & Diagnostics System Design
	 
	 
	 
	 
	 
	 
	 
	 
	 
	x

	569
	Control System Design
	 
	 
	 
	 
	 
	 
	 
	 
	 
	x

	570
	Laser Facility System Design
	 
	 
	 
	 
	 
	 
	 
	 
	 
	x

	571
	Observing Scenarios
	 
	x
	 
	 
	 
	 
	 
	 
	x
	 

	 
	Instrument Baseline Requirements Document
	 
	x
	 
	 
	 
	 
	 
	 
	 
	 

	 
	System Design Phase Functional Requirements Summary
	 
	x
	 
	 
	 
	 
	 
	 
	 
	 

	 
	Systems Engineering Management Plan
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 

	 
	System Design Report
	x
	 
	 
	 
	 
	 
	 
	 
	 
	 


Appendix B. Science Case Requirements Summary
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RequirementImagerSpectrographImagerSpectrographDeployable IFUInterferometer

l

 (

µm)0.7-1.00.7-1.01.0-2.4 (+Y&z)1.0-2.4 (+Y&z)1.0-2.4 (+Y&z)J,H,K,L (N-band goal?)

Field of view diameter (")≥ 15≥ 2 (goal ≥ 3)≥ 15 for X4b≥ 1 x 3 (goal 4)≥ 1 x 3≥ 1

Field of regard diameter (")nananana≥ 120≥ 60

Pixel size (mas)≤ 10 (Nyquist at I band)na≤ 13 (Nyquist at J)na≤ 35 (2 pixels/spaxel)na

Minimum # of IFUsnananana 6na

IFU separationnananana> 1 IFU in 10x10" fieldna

AO Backgroundnana

Background (mag/arcsec^2) 

J: 15.9, H: 13.7, K wide field 

13.6, K narrow field 13.2 ≤ 30% of unattenuated(sky+tel)≤ 30% of unattenuated(sky+tel)na

Sky coverage≥ 30% for X3≥ 30% for X3≥ 30% for X1,X3,X4b≥ 30% for X3,X4a≥ 30% for X2na

High order WFE (nm) for ≤ 5" fov≤ 170≤ 170≤ 170≤ 170derived≤ 250

Tip/tilt error (mas)≤ 15≤ 15≤ 15 for sky cover; ≤ 3 for G2≤ 15derived≤ 15

50% Ensquared energy (mas)na

follows from 170nm & 15mas

na≤ 25 at J band (X3)≤ 70na

Companion sensitivityDI ≥ 7.5 at 0.75" for S1bna

DJ ≥ 5.5 at 0.5" for S1b; DJ ≥ 

8.5 at 0.1",  DJ ≥ 11 at 0.2" 

for G1 nanana

Photometry (mag)≤ 0.05 relative for S1bna≤ 0.05 relative for S1&G1nanana

Astrometry (mas)≤ 1.5 relative for S1bna

≤ 1.5-2 for S1b&G1; ≤ 0.1 for 

G2ananana

Polarimetry (%)nananana

PSF estimationrequiredgoalrequiredgoalPSF spectrum reqdnot required

Differential trackingrequired up to 50"/hrrequired up to 50"/hrrequired up to 50"/hrrequired up to 50"/hrgoal: 1 tip/tilt sensornot required

Acquisition accuracy (mas or % 

of instrument field)≤ 10% of field

≤ 10% for IFU; ≤ 

0.25l/D for slit≤ 10%

≤ 10% for IFU; ≤ 0.25l/D for 

slit≤ 10% (≤ 35 relative)≤ 200 mas

Dither dist (" or % of inst field)≤50%

≤ 50% of longest dimension

≤ 50%≤ 50%

≤ 50% of longest dimension

na

Dither accuracy (mas)≤ l/D≤l/D≤ l/D≤ l/D≤ 70na

Dither time (sec)≤ 3≤ 3≤ 3≤ 3≤ 10na

Micro dither distance (mas)≤ 0.5l/D≤ 0.5l/D≤ 0.5l/D≤ 0.5l/D≤ 35

Micro dither accuracy (mas)≤ 0.25l/D≤ 0.25l/D≤ 0.25l/D≤ 0.25l/D<10

Micro dither time (sec)≤ 3≤ 3≤ 3≤ 3≤ 3

Nod reacquisition time (sec)≤ 10≤ 10≤ 10≤ 10≤ 60

Positioning knowledge (mas)≤ 0.1l/D≤ 0.1l/D≤ 0.1l/D≤ 0.1 l/D≤ 5na

Science image drift (mas/hr)≤ 5≤ 5≤ 5≤ 5≤ 5≤ 5

NGS moderequiredrequiredrequiredrequiredsingle IFUrequired

AO instrument switchingto vis spectroto vis imagerto NIR spectro (goal: vis)to NIR imager (goal: vis)not requirednot required

AO backup switchinggoal: to NIR instrumentgoal: to NIR instrumentnot requirednot requiredsingle IFUgoal: to NIR instrument

S1,S3,S4,G1,G2a,G3,G4,X1,

X3,X4b,X4d,X5,X6

X3S1b,S2,S3,X3,X4bG2b,X2,X4c

VisibleNear-IR

S3,S4,G1,G2b,G3,G4,X1,X3,X

4a

Science Cases
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S3Gas Giants and Moons of giant planetsr

0
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0

 = 2.15"

S4NGS observations of Neptune & UranusMedian NGAO

G1Planets around low mass stars

50th percentile

G2aGeneral Relativity & the Galactic Center - astrometryr

0
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 = 2.7"

G2bGeneral Relativity & the Galactic Center - radial velocitiesGood NGAO

G3Debris Disks

62.5th percentile

G4Young Stellar Objectsr
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 = 2.9"

X1QSO host galaxiesExcellent NGAO

X2High-z galaxies

87.5th percentile

X3Nearby AGNsr

0

 = 22 cm; q

0
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X4aDistant galaxies lensed by galaxies - spectroscopy

X4bDistant galaxies lensed by galaxies - imaging

X4cDistant galaxies lensed by clusters - spectroscopy

X4dDistant galaxies lensed by galaxies - imaging

X5Astrometry in Sparse Fields

X6

Tip/tilt & LGS acquisition capabilities required

Goal: Provide full field (20" vis, 40" NIR) to 2k Nyquist sampled 

detector 

Color code

Physical requirements

Science Cases

NGS WFS field of regard ≥ 30" radius

Interferometer req'ments must be met by a NGAO mode (matched 

field, polarization, etc. for K1&2)

Fixed field & fixed pupil modes required

Performance requirements

Operational requirements

Science cases

Resolved Stellar Populations in Crowded Fields

Alignment, calibration & diagnostic tools req'd

Other

Goal: AO transmits Ha to visible instruments

non-AO backup required for all cases
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						Visible						Near-IR						Near-IR

		Requirement				Imager		Spectrograph				Imager		Spectrograph				Deployable IFU				Interferometer

		l (µm)				0.7-1.0		0.7-1.0				1.0-2.4 (+Y&z)		1.0-2.4 (+Y&z)				1.0-2.4 (+Y&z)				J,H,K,L (N-band goal?)

		Field of view diameter (")				≥ 15		≥ 2 (goal ≥ 3)				≥ 15 for X4b		≥ 1 x 3 (goal 4)				≥ 1 x 3				≥ 1

		Field of regard diameter (")				na		na				na		na				≥ 120				≥ 60

		Pixel size (mas)				≤ 10 (Nyquist at I band)		na				≤ 13 (Nyquist at J)		na				≤ 35 (2 pixels/spaxel)				na

		Minimum # of IFUs				na		na				na		na				6				na

		IFU separation				na		na				na		na				> 1 IFU in 10x10" field				na

		AO Background				na		na				Background (mag/arcsec^2) J: 15.9, H: 13.7, K wide field 13.6, K narrow field 13.2		≤ 30% of unattenuated(sky+tel)				≤ 30% of unattenuated(sky+tel)				na

		Sky coverage				≥ 30% for X3		≥ 30% for X3				≥ 30% for X1,X3,X4b		≥ 30% for X3,X4a				≥ 30% for X2				na

		High order WFE (nm) for ≤ 5" fov				≤ 170		≤ 170				≤ 170		≤ 170				derived				≤ 250

		Tip/tilt error (mas)				≤ 15		≤ 15				≤ 15 for sky cover; ≤ 3 for G2		≤ 15				derived				≤ 15

		50% Ensquared energy (mas)				na		follows from 170nm & 15mas				na		≤ 25 at J band (X3)				≤ 70				na

		Companion sensitivity				DI ≥ 7.5 at 0.75" for S1b		na				DJ ≥ 5.5 at 0.5" for S1b; DJ ≥ 8.5 at 0.1",  DJ ≥ 11 at 0.2" for G1		na				na				na

		Photometry (mag)				≤ 0.05 relative for S1b		na				≤ 0.05 relative for S1&G1		na				na				na

		Astrometry (mas)				≤ 1.5 relative for S1b		na				≤ 1.5-2 for S1b&G1; ≤ 0.1 for G2a		na				na				na

		Polarimetry (%)						na						na				na				na

		PSF estimation				required		goal				required		goal				PSF spectrum reqd				not required

		Differential tracking				required up to 50"/hr		required up to 50"/hr				required up to 50"/hr		required up to 50"/hr				goal: 1 tip/tilt sensor				not required

		Acquisition accuracy (mas or % of instrument field)				≤ 10% of field		≤ 10% for IFU; ≤ 0.25l/D for slit				≤ 10%		≤ 10% for IFU; ≤ 0.25l/D for slit				≤ 10% (≤ 35 relative)				≤ 200 mas

		Dither dist (" or % of inst field)				≤50%		≤ 50% of longest dimension				≤ 50%		≤ 50%				≤ 50% of longest dimension				na

		Dither accuracy (mas)				≤ l/D		≤l/D				≤ l/D		≤ l/D				≤ 70				na

		Dither time (sec)				≤ 3		≤ 3				≤ 3		≤ 3				≤ 10				na

		Micro dither distance (mas)				≤ 0.5l/D		≤ 0.5l/D				≤ 0.5l/D		≤ 0.5l/D				≤ 35

		Micro dither accuracy (mas)				≤ 0.25l/D		≤ 0.25l/D				≤ 0.25l/D		≤ 0.25l/D				<10

		Micro dither time (sec)				≤ 3		≤ 3				≤ 3		≤ 3				≤ 3

		Nod reacquisition time (sec)				≤ 10		≤ 10				≤ 10		≤ 10				≤ 60

		Positioning knowledge (mas)				≤ 0.1l/D		≤ 0.1l/D				≤ 0.1l/D		≤ 0.1 l/D				≤ 5				na

		Science image drift (mas/hr)				≤ 5		≤ 5				≤ 5		≤ 5				≤ 5				≤ 5

		NGS mode				required		required				required		required				single IFU				required

		AO instrument switching				to vis spectro		to vis imager				to NIR spectro (goal: vis)		to NIR imager (goal: vis)				not required				not required

		AO backup switching				goal: to NIR instrument		goal: to NIR instrument				not required		not required				single IFU				goal: to NIR instrument

		Science Cases				S1b,S2,S3,X3,X4b		X3				S1,S3,S4,G1,G2a,G3,G4,X1,X3,X4b,X4d,X5,X6		S3,S4,G1,G2b,G3,G4,X1,X3,X4a				G2b,X2,X4c

		Science Cases												Color code								Seeing Assumptions

		S1a				Asteroid companions survey								Physical requirements								All values at λ = 0.5 µm

		S1b				Asteroid companions orbit determination								Performance requirements								Challenging NGAO

		S2				Asteroid size and shape								Operational requirements								37.5th percentile

		S3				Gas Giants and Moons of giant planets								Science cases								r0 = 14 cm; q0 = 2.15"

		S4				NGS observations of Neptune & Uranus								Other								Median NGAO

		G1				Planets around low mass stars								Goal: AO transmits Ha to visible instruments								50th percentile

		G2a				General Relativity & the Galactic Center - astrometry								NGS WFS field of regard ≥ 30" radius								r0 = 16 cm; q0 = 2.7"

		G2b				General Relativity & the Galactic Center - radial velocities								Interferometer req'ments must be met by a NGAO mode (matched field, polarization, etc. for K1&2)								Good NGAO

		G3				Debris Disks																62.5th percentile

		G4				Young Stellar Objects								non-AO backup required for all cases								r0 = 18 cm; q0 = 2.9"

		X1				QSO host galaxies								Goal: Provide full field (20" vis, 40" NIR) to 2k Nyquist sampled detector								Excellent NGAO

		X2				High-z galaxies																87.5th percentile

		X3				Nearby AGNs								Fixed field & fixed pupil modes required								r0 = 22 cm; q0 = 4.0"

		X4a				Distant galaxies lensed by galaxies - spectroscopy								Tip/tilt & LGS acquisition capabilities required

		X4b				Distant galaxies lensed by galaxies - imaging								Alignment, calibration & diagnostic tools req'd

		X4c				Distant galaxies lensed by clusters - spectroscopy

		X4d				Distant galaxies lensed by galaxies - imaging

		X5				Astrometry in Sparse Fields

		X6				Resolved Stellar Populations in Crowded Fields



&C&"Arial,Bold"KAON 548 - Science Requirements Summary in Support of System Architecture Evaluations

This is often required to meet the performance requirements (as noted in the photometry, astrometry & companion sensitivity reports)

This will drive the field of regard for tip/tilt & LOWFS stars

Only necessary to achieve for one 10"x10" field.  Goal: be able to space IFU heads so that there is only one IFU field of view separation between adjacent units in longest dimension.

For G2a need ≥ 10" & the ability to mosaic a 40x40" field, so a larger field is desirable.  For S1,S3&G1 ≥3" is adequate.
Note that a 2048 pixel detector will have a diagonal field diameter of 38"

This is the drift of the science image on the science camera due to atmospheric dispersion, rotator misalignment, non-common path drifts, etc.

Driven by required sky coverage.

peterw:
Note that a 2048 pixel CCD will have a diagonal field diameter of 20" assuming 7 mas pixels

Internal calibrations include: HO & LO wavefront sensors for each science instrument setup; flat fielding; spectroscopic calibrations using an integrating sphere or equivalent to feed the spectroscopic instruments; possibly a photometric calibration source; a mask for astrometry; ability to check the pupil on the DM and WFS; etc.

The nuller key science will be complete before NGAO.  Possibly N-band will no longer be a science case.

This is the requirement to be the same as the existing Keck NGS AO in the bright NGS case.  The LGS requirement is the same as current Keck LGS AO performance.  Better is a goal.

required sampling of detector is at least 2 pixels per reimaged pseudo-slit (here the spaxial will be 25mas)

required sampling of detector is at least 2 pixels per reimaged pseudo-slit.

sub-pixel dithering requires you know position to 1/3 Nyquist

As long as we can switch to the single IFU, this requirement need not be NGS with dNIRI

def: Dither is on-instrument shift

def: Micro-dither is a sub-pixel shift

def: Nod is an off-instrument shift (ex, to get sky or PSF)

Claire and Liz: Science case S2 would use 0.6-0.7 microns if available

accuracy not yet specified

accuracy not yet specified

accuracy not yet specified

required accuracy needs to be specified

Need 60" diam FOR to attain 5% sky coverage with 14th mag guide star

Exact statement: The total background seen at the focal plane of all spectrographs being fed by NGAO shall be less than 130% of the current unattenuated sky plus telescope background (at 2209 nm and at a spectral resolution λ/Δλ = 5000).  Goal: less than 120%

Exact statement: The total background seen at the focal plane of all spectrographs being fed by NGAO shall be less than 130% of the current unattenuated sky plus telescope background (at 2209 nm and at a spectral resolution λ/Δλ = 5000).  Goal: less than 120%

over exposure time of 15 min

over exposure time of 15 min

over exposure time of 15 min

over exposure time of 15 min

See Table 3 in KAON 501 (Bouchez).

&C&"Arial,Bold"Science Requirements Summary in Support of System Architecture Evaluations
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		Science Cases

		S1a		Asteroid companions survey

		S1b		Asteroid companions orbit determination

		S2		Asteroid size and shape

		S3		Moons of giant planets

		G1		Planets around low mass stars

		G2a		General Relativity & the Galactic Center - astrometry

		G2b		General Relativity & the Galactic Center - radial velocities

		X1		QSO host galaxies

		X2		High-z galaxies

		X3		Nearby AGN

		X4a		Distant galaxies lensed by galaxies - spectroscopy

		X4b		Distant galaxies lensed by galaxies - imaging
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						Visible						Near-IR						Near-IR

		Requirement				Imager		Spectrograph				Imager		Spectrograph				Deployable IFU				Interferometer

		l (µm)				0.7-1.0		0.7-1.0				1.0-2.4 (+Y&z)		1.0-2.4 (+Y&z)				1.0-2.4 (+Y&z)				J,H,K,L (N-band goal?)

		Field of view diameter (")				≥ 15		≥ 2 (goal ≥ 3)				≥ 15 for X4b		≥ 1 x 3 (goal 4)				≥ 1 x 3				≥ 1

		Field of regard diameter (")				na		na				na		na				≥ 120				≥ 60

		Pixel size (mas)				≤ 10 (Nyquist at I band)		na				≤ 13 (Nyquist at J)		na				≤ 35 (2 pixels/spaxel)				na

		Minimum # of IFUs				na		na				na		na				6				na

		IFU separation				na		na				na		na				> 1 IFU in 10x10" field				na

		AO Background				na		na				Background (mag/arcsec^2) J: 15.9, H: 13.7, K wide field 13.6, K narrow field 13.2		≤ 30% of unattenuated(sky+tel)				≤ 30% of unattenuated(sky+tel)				na

		Sky coverage				≥ 30% for X3		≥ 30% for X3				≥ 30% for X1,X3,X4b		≥ 30% for X3,X4a				≥ 30% for X2				na

		High order WFE (nm) for ≤ 5" fov				≤ 170		≤ 170				≤ 170		≤ 170				derived				≤ 250

		Tip/tilt error (mas)				≤ 15		≤ 15				≤ 15 for sky cover; ≤ 3 for G2		≤ 15				derived				≤ 15

		50% Ensquared energy (mas)				na		follows from 170nm & 15mas				na		≤ 25 at J band (X3)				≤ 70				na

		Companion sensitivity				DI ≥ 7.5 at 0.75" for S1b		na				DJ ≥ 5.5 at 0.5" for S1b; DJ ≥ 8.5 at 0.1",  DJ ≥ 11 at 0.2" for G1		na				na				na

		Photometry (mag)				≤ 0.05 relative for S1b		na				≤ 0.05 relative for S1&G1		na				na				na

		Astrometry (mas)				≤ 1.5 relative for S1b		na				≤ 1.5-2 for S1b&G1; ≤ 0.1 for G2a		na				na				na

		Polarimetry (%)						na						na				na				na

		PSF estimation				required		goal				required		goal				PSF spectrum reqd				not required

		Differential tracking				required up to 50"/hr		required up to 50"/hr				required up to 50"/hr		required up to 50"/hr				goal: 1 tip/tilt sensor				not required

		Acquisition accuracy (mas or % of instrument field)				≤ 10% of field		≤ 10% for IFU; ≤ 0.25l/D for slit				≤ 10%		≤ 10% for IFU; ≤ 0.25l/D for slit				≤ 10% (≤ 35 relative)				≤ 200 mas

		Dither dist (" or % of inst field)				≤50%		≤ 50% of longest dimension				≤ 50%		≤ 50%				≤ 50% of longest dimension				na

		Dither accuracy (mas)				≤ l/D		≤l/D				≤ l/D		≤ l/D				≤ 70				na

		Dither time (sec)				≤ 3		≤ 3				≤ 3		≤ 3				≤ 10				na

		Micro dither distance (mas)				≤ 0.5l/D		≤ 0.5l/D				≤ 0.5l/D		≤ 0.5l/D				≤ 35

		Micro dither accuracy (mas)				≤ 0.25l/D		≤ 0.25l/D				≤ 0.25l/D		≤ 0.25l/D				<10

		Micro dither time (sec)				≤ 3		≤ 3				≤ 3		≤ 3				≤ 3

		Nod reacquisition time (sec)				≤ 10		≤ 10				≤ 10		≤ 10				≤ 60

		Positioning knowledge (mas)				≤ 0.1l/D		≤ 0.1l/D				≤ 0.1l/D		≤ 0.1 l/D				≤ 5				na

		Science image drift (mas/hr)				≤ 5		≤ 5				≤ 5		≤ 5				≤ 5				≤ 5

		NGS mode				required		required				required		required				single IFU				required

		AO instrument switching				to vis spectro		to vis imager				to NIR spectro (goal: vis)		to NIR imager (goal: vis)				not required				not required

		AO backup switching				goal: to NIR instrument		goal: to NIR instrument				not required		not required				single IFU				goal: to NIR instrument

		Science Cases				S1b,S2,S3,X3,X4b		X3				S1,S3,S4,G1,G2a,G3,G4,X1,X3,X4b,X4d,X5,X6		S3,S4,G1,G2b,G3,G4,X1,X3,X4a				G2b,X2,X4c

		Science Cases												Color code								Seeing Assumptions

		S1a				Asteroid companions survey								Physical requirements								All values at λ = 0.5 µm

		S1b				Asteroid companions orbit determination								Performance requirements								Challenging NGAO

		S2				Asteroid size and shape								Operational requirements								37.5th percentile

		S3				Gas Giants and Moons of giant planets								Science cases								r0 = 14 cm; q0 = 2.15"

		S4				NGS observations of Neptune & Uranus								Other								Median NGAO

		G1				Planets around low mass stars								Goal: AO transmits Ha to visible instruments								50th percentile

		G2a				General Relativity & the Galactic Center - astrometry								NGS WFS field of regard ≥ 30" radius								r0 = 16 cm; q0 = 2.7"

		G2b				General Relativity & the Galactic Center - radial velocities								Interferometer req'ments must be met by a NGAO mode (matched field, polarization, etc. for K1&2)								Good NGAO

		G3				Debris Disks																62.5th percentile

		G4				Young Stellar Objects								non-AO backup required for all cases								r0 = 18 cm; q0 = 2.9"

		X1				QSO host galaxies								Goal: Provide full field (20" vis, 40" NIR) to 2k Nyquist sampled detector								Excellent NGAO

		X2				High-z galaxies																87.5th percentile

		X3				Nearby AGNs								Fixed field & fixed pupil modes required								r0 = 22 cm; q0 = 4.0"

		X4a				Distant galaxies lensed by galaxies - spectroscopy								Tip/tilt & LGS acquisition capabilities required

		X4b				Distant galaxies lensed by galaxies - imaging								Alignment, calibration & diagnostic tools req'd

		X4c				Distant galaxies lensed by clusters - spectroscopy

		X4d				Distant galaxies lensed by galaxies - imaging

		X5				Astrometry in Sparse Fields

		X6				Resolved Stellar Populations in Crowded Fields



&C&"Arial,Bold"KAON 548 - Science Requirements Summary in Support of System Architecture Evaluations

This is often required to meet the performance requirements (as noted in the photometry, astrometry & companion sensitivity reports)

This will drive the field of regard for tip/tilt & LOWFS stars

Only necessary to achieve for one 10"x10" field.  Goal: be able to space IFU heads so that there is only one IFU field of view separation between adjacent units in longest dimension.

For G2a need ≥ 10" & the ability to mosaic a 40x40" field, so a larger field is desirable.  For S1,S3&G1 ≥3" is adequate.
Note that a 2048 pixel detector will have a diagonal field diameter of 38"

This is the drift of the science image on the science camera due to atmospheric dispersion, rotator misalignment, non-common path drifts, etc.

Driven by required sky coverage.

peterw:
Note that a 2048 pixel CCD will have a diagonal field diameter of 20" assuming 7 mas pixels

Internal calibrations include: HO & LO wavefront sensors for each science instrument setup; flat fielding; spectroscopic calibrations using an integrating sphere or equivalent to feed the spectroscopic instruments; possibly a photometric calibration source; a mask for astrometry; ability to check the pupil on the DM and WFS; etc.

The nuller key science will be complete before NGAO.  Possibly N-band will no longer be a science case.

This is the requirement to be the same as the existing Keck NGS AO in the bright NGS case.  The LGS requirement is the same as current Keck LGS AO performance.  Better is a goal.

required sampling of detector is at least 2 pixels per reimaged pseudo-slit (here the spaxial will be 25mas)

required sampling of detector is at least 2 pixels per reimaged pseudo-slit.

sub-pixel dithering requires you know position to 1/3 Nyquist

As long as we can switch to the single IFU, this requirement need not be NGS with dNIRI

def: Dither is on-instrument shift

def: Micro-dither is a sub-pixel shift

def: Nod is an off-instrument shift (ex, to get sky or PSF)

Claire and Liz: Science case S2 would use 0.6-0.7 microns if available

accuracy not yet specified

accuracy not yet specified

accuracy not yet specified

required accuracy needs to be specified

Need 60" diam FOR to attain 5% sky coverage with 14th mag guide star

Exact statement: The total background seen at the focal plane of all spectrographs being fed by NGAO shall be less than 130% of the current unattenuated sky plus telescope background (at 2209 nm and at a spectral resolution λ/Δλ = 5000).  Goal: less than 120%

Exact statement: The total background seen at the focal plane of all spectrographs being fed by NGAO shall be less than 130% of the current unattenuated sky plus telescope background (at 2209 nm and at a spectral resolution λ/Δλ = 5000).  Goal: less than 120%

over exposure time of 15 min

over exposure time of 15 min

over exposure time of 15 min

over exposure time of 15 min

See Table 3 in KAON 501 (Bouchez).

&C&"Arial,Bold"Science Requirements Summary in Support of System Architecture Evaluations
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		Science Cases

		S1a		Asteroid companions survey

		S1b		Asteroid companions orbit determination

		S2		Asteroid size and shape

		S3		Moons of giant planets

		G1		Planets around low mass stars

		G2a		General Relativity & the Galactic Center - astrometry

		G2b		General Relativity & the Galactic Center - radial velocities

		X1		QSO host galaxies

		X2		High-z galaxies

		X3		Nearby AGN

		X4a		Distant galaxies lensed by galaxies - spectroscopy

		X4b		Distant galaxies lensed by galaxies - imaging
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