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1. Introduction

1.1 Overview

This document summarizes the deliverables and statement of work for a mini-study of IRMS. Since IRMS will largely be a clone of MOSFIRE, much of the design work has already been done.

The TMT SAC recognized that it is essential that TMT have a NIR multi-object spectroscopic capability available at first light. It was further recognized that a clone (as far as possible) of the Keck MOSFIRE instrument, fed by NFIRAOS, would fulfill that goal and be exceedingly powerful in its own right [RD1]. IRMS is that instrument. IRMS will provide quasi diffraction-limited moderate spectral resolution (R~4000) multislit spectra and images over the full 2 arcmin diameter field of view of NFIRAOS.

An initial investigation to ascertain the feasibility of feeding a MOSFIRE clone with NFIRAOS was carried out by Powell, Atwood and Byrnes in 2007 [RD2]. The basic conclusions were 1) IRMS should work well behind NFIRAOS; 2) the first field lens would require a different prescription and be moved slightly; and 3) all the remaining optics (including the Configurable Slit Unit and mechanical systems) could remain identical. 

Subsequently, the NFIRAOS optical design was changed to a 4OAP concept to minimize distortion. The reduced distortion is beneficial to IRMS but, unfortunately, the focal surface becomes much more curved, with the curvature in the opposite sense to that of Keck. Consequently, it is now uncertain whether simply modifying the field lens prescription and location will yield adequate performance so that other changes (e.g., to the collimator) might be required. Also the increased curvature of the focal plane affects the images as seen by the CSU slits – the affect of this needs to be quantified.

It was, of course, recognized that new designs are required for the interface to NFIRAOS, the rotator, the thermal baffle in the front of the instrument, and the guide system. These are collectively referred to as the IRMS “Front-End”. Identifying and designing the changes needed to MOSFIRE, to meet the IRMS requirements on TMT, are the primary objectives of this document. 
Advice from CSEM suggests that the performance of the CSU would be far superior if it were horizontal rather than vertical. Hence, it should be assumed (contrary to OAD) that IRMS will be located on the top port of NFIRAOS rather than the side port as initially planned.
The output of this Work is a limited Conceptual Design, with the objective of clearly showing the feasibility, cost and risks of an instrument design concept based upon MOSFIRE.  For the purposes of this Work, the IRMS Science Requirements have been extracted from the ORD, extended, and attached as Appendix 1 to this SOW.  These shall serve as the initial baseline IRMS requirements, and will be developed further during the course of this Work.
1.2 Applicable Documents

AD1 – TMT Science Requirements Document v17.0 (TMT.PSC.DRD.07.001)

AD2 – Operations Concept Document (OCD), (TMT.OPS.MGT.07.002)
AD3 – Observatory Requirements Document, (TMT.SEN.DRD.05.001)

AD4 – Observatory Architecture Document, (TMT.SEN.DRD.05.002)
1.3 Reference Documents

RD1 – Brief Description of MOSFIRE on TMT, Jan 2007 (TMT.INS.COR.07.001.REL01) 

RD2 – IRMS: MOSFIRE on TMT (preliminary report on adapting MOSFIRE) (TMT.INS.CDD.07.001.REL01) 

RD3 – Infrared Multislit Spectrometer (IRMS) Scientific Performance Study Statement of Work (TMT.INS.CON.10.xxx.REL01)
1.4 Change Record

	Revision
	Date
	Section
	Modifications

	DRF01
	Sept 8, 2009
	All
	Initial draft

	DRF02
	Feb 22, 2011
	All
	Major update to draft, as we approach starting this work.


1.5 Abbreviations

ADC – Atmospheric Dispersion Compensators 

CSU – Configurable Slit Unit

FOV – Field of View

FPRD – Functional and Performance Requirements Document

ICD – Interface Control Document

MOSFIRE – Multiobject Spectrograph for InfraRed Exploration
IRMS – Infrared Multi-Slit Spectrometer

NFIRAOS – Narrow-Field InfraRed Adaptive Optics System

NGS – Natural Guide Star

OCDD – Operational Concepts Definition Document

OCS – Observatory Control System

OIWFS – On Instrument Wavefront Sensor
SOW – Statement of Work

TCS – Telescope Control System

WBS – Work Breakdown Structure

WFS – Wavefront sensor
2. Summary of Work To Be Performed:
2.1 SUMMARY OF Milestones, DELIVERABLES and tasks FOR CoDR PHASE

The primary goals of this mini Conceptual Design study are achieved in two distinct phases.

1. Confirm that the MOSFIRE optical design is feasible as a baseline for the IRMS    instrument: 
· Verify that the final MOSFIRE optical design can achieve or approach the IRMS requirements with a simple change of field lens prescription and a slight change of position,

· If the above leads to unacceptable performance as determined by the science team, then identify what other modifications are necessary and provide an estimate of their impact on cost.
· Present to TMT the results of the above study, as a gateway before proceeding with the second phase.

2. Perform a limited conceptual design of IRMS: 
· Design the NFIRAOS interface (rotation and cable wrap interface, cable, potential window, thermal)

· Design an OIWFS (NGS WFS) system 

· Modify the design of the thermal baffle of MOSFIRE if required

· Produce an overall conceptual design for IRMS

· Develop cost estimate for completing the design changes and executing the remainder of the program through to instrument commissioning on TMT.
3. Statement of Work:

3.1 Confirm feasibility of the MOSFIRE optical design for IRMS

· Verify that the results of RD2 are still valid for the as-built prescription for MOSFIRE. Confirm that, apart from modifications to the field lens and “front-end”, the remainder of the MOSFIRE design can be copied to meet the requirements of TMT/IRMS.  In the event more spectrograph optics changes are needed than a small change of the field lens, the team should work with the IRMS Project Scientist to propose a design, along with ROM estimate of cost and impact, that approaches the science requirements with least perturbation of the MOSFIRE instrument.

· Document and present the results of the above study to TMT Project Office, to reach agreement on any changes to the scope of the subsequent work prior to beginning that work.
3.2 Conceptual Design of IRMS Front End 

This includes all the systems and modifications to MOSFIRE required for its use on TMT, including: NFIRAOS interface, rotator, cable wrap, instrument support, On-Instrument Wavefront Sensors (OIWFS), thermal baffle, and modifications to the field lens. It is recognized that there will also likely be modifications required to the electronic control system, the detector control system, and associated software, but these are NOT part of this study.

3.2.1 General

· Develop a viable concept for the IRMS that meet, or approach, the science requirements (Appendix 1) and interface with NFIRAOS while minimizing changes to the MOSFIRE design and risk to the program. The work described below has the objective of identifying, and re-designing to correct, all hardware areas where the MOSFIRE design is not compatible with use on NFIRAOS/TMT.  The IRMS team should propose additional tasks, if any are needed to meet this objective.
3.2.2 Optical-Mechanical Design and Analysis

· Evaluate and design a new “front-end” for IRMS

· NFIRAOS interface: develop a concept for the NFIRAOS interface, building upon the NFIRAOS/IRIS interface design as far as reasonable. The IRMS interface should pass a larger, 2.7’ diameter field of view in contrast to the IRIS 2’ diameter FOV. 

· Support/rotator: Adapt the MOSFIRE rotator (and cable wrap) to IRMS requirements, working with the NFIRAOS team to design the mechanical support.

· OIWFS: Develop a design using one or more NGS wavefront sensors that will provide the requisite guiding and off-setting functions for IRMS without vignetting the central 1/3 of the FOV perpendicular to the direction of the slits formed by the CSU.  The team is encouraged to take advantage of other TMT OIWFS designs (e.g. IRIS) as much as possible.
· Thermal baffle: modify the MOSFIRE design or develop a design of a baffle to minimize the thermal background as viewed by IRMS.

· Develop and analyze the opto-mechanical design

· Prepare a schematic overview of the system and all subassemblies in the opto-mechanical layout.

· Prepare conceptual level designs (3D models) for the system and the main subassemblies.

· Provide a description of the basic elements of the mechanical design (e.g., motors, actuator attachment points, internal interfaces, etc.) at the conceptual design level

· Develop an outline of the procedure for opto-mechanical integration of  IRMS and of IRMS to NFIRAOS, highlighting any special challenges in assembly, handling, alignment, or testing.

· Perform analysis showing there are no significant handling or space envelope issues with the design as conceived

· Develop first order mass, power and thermal budgets

3.3 Systems Engineering

· Develop the FPRD, consistent with the IRMS Science Requirements, including iterating with the project office on system level requirements.
· Develop the ICD defining the interface with NFIRAOS.
· Identify all other external interfaces that will need developing.
· Verify that the conceptual design meets the requirements, and produce a compliance matrix.
· Perform a preliminary risk/reliability analysis, and develop risk mitigation strategies.
3.4 Management

· Manage the IRMS Conceptual Design effort to facilitate liaison among contributing groups and the project office. Track technical progress, schedule, and cost

· Develop a management plan to deliver the IRMS instrument.
· Develop a revised schedule and cost estimate for IRMS (with the understanding that this is a “design-to-cost” project and the total cost cap is $14.41M (2010) including contingency. Descope options should be identified in order to create scope contingency, in addition to any budgetary contingency.
· Provide monthly reports to TMT on work progress as compared to the schedule, key issues and concerns, and spending as compared to the budget.
3.5 Conduct design reviews and support the TMT EAP and PDR reviews

· Conduct project reviews of IRMS design progress once per milestone period. Exact dates are subject to review committee and team schedules.

· Interim review:
· Limited Conceptual Design Review:
4. Schedule, Key Milestones and Deliverables
4.1 Schedule

This statement of work covers the period from the start of the IRMS work package (TBD) through to the end of the CoDR phase (TBD).  
4.2 Milestones 

The schedule for the Concept Design milestones is detailed in the table below, with specific deliverables and responsible institution identified:

	Date/Milestone
	Deliverable/Purpose
	Responsible institution/s

	Contract award (CA)
	Complete IRMS SOW


	TMT

TMT

	Kickoff meeting
	None
	N/A

	CA + 2 months
	Report on feasibility of MOSFIRE design to deliver IRMS requirements, along with proposed changes to designs, requirements and costs.
	CIT

	Report + 1 week
	Approval to continue into second phase of Work
	TMT

	CA + 6 months

IRMS Interim review

	Initial work on designs and expected performance
Draft FPRD
Discussion of goals and schedules
	Project Scientist

All

CIT (lead)/ All

	Interim review + 2 weeks
	Feedback from TMT on Interim Review
	TMT

	CA+x months 

Draft COD report
	Draft Concept design technical report outline for review

Draft Concept design management report outline for review
	CIT 



	CA + x months
	IRMS Conceptual design review; all work products
	All


(fill in dates as the SOW is developed)
4.3 Deliverables:
1. FPRD

2. Management Plan for IRMS.

3. Conceptual Design Report, including Compliance Matrix.

4. ICD with NFIRAOS.

5. List of External ICDs.

6. Conceptual Design Review support and presentations.

7. Monthly management reports.
5. Work Management

5.1 Collaborating Institutions:
 The Project Scientist (Bahram Mobasher) for this work is collaboratively provided by UC Riverside.

5.2 Key Staff:

The Work Package Project Manager, Rich Dekany, is the person responsible for managing the resources within the workscope to accomplish the work and deliver the work products to TMT.  He is expected to have the authority and support within CalTech to accomplish this role.  The Project Manager should work closely with Project Scientist Bahram Mobasher (UC Riverside) and Project Engineer Bob Weber.  The Project Manager will be the single point of contact for the workscope, and all communications on matters related to the delivery of this work shall be made through (or copied to) him.

The TMT Work Package Manager, Luc Simard, is the single point of contact within TMT for this work.  All communications on matters related to the delivery of this work shall be made through (or copied to) him.  Any statements directing the work that do not come through the TMT Work Package Manager are considered to be void.

5.3 Other Staff:
5.4 Contracts and Major Procurements:
5.5 Budgeted Costs for Work Scheduled:
(TMT Fiscal Year - Oct 1 to Sep 30.)


[image: image1.wmf]
(above numbers are merely placeholders.  Something wrong with formatting; why don’t lower cells show?)
Note: Double click on the spreadsheet to go into Excel mode.

The cost of this Work Package shall be paid in full by ____________________ using ________________ funds.
5.6 Issues and Risks (Technical):
5.7 Issues and Risks (Costs):
5.8 Issues and Risks (Schedule):
Approved by:

	_________________________
	
	_________________________

	(Print Name)
Work Package Manager
	
	(Print Name)

TMT Work Package Manager

	_________________________
	
	_________________________

	David Goodman

TMT Business Manager
	
	Gary Sanders

TMT Project Manager 


(add some appropriate CalTech manager?)
Appendix 1: IRMS Science Requirements

These requirements are extended from those found in the ORD, and should be used as a starting point for the IRMS conceptual design study.  The ORD will need to be updated to reflect changes, at the conclusion of the study.

[REQ-IRMS-CoDP-1] IRMS is a near infrared multiple slit spectrometer fed by an adaptive optics corrected beam from NFIRAOS. 

Discussion: IRMS is a early light instrument that provides some of the science capability envisioned for IRMOS. 

[REQ-IRMS-CoDP-2] IRMS will be mounted on the top port of NFIRAOS
 [REQ-IRMS-CoDP-3] To the maximum extent possible, the IRMS instrument shall be a clone of the Keck MOSFIRE instrument. 

Discussion: This is for cost and ease of implementation reasons. 
[REQ-IRMS-CoDP-4] IRMS shall include one NGS wavefront sensors system to provide guide star position feedback. 

[REQ-IRMS-CoDP-5] If possible, IRMS shall use identical NGS wavefront sensors as those in IRIS, providing pixel intensities to NFIRAOS. 

Discussion: the precision and stability requirements of IRMS are relaxed compared to IRIS, so requirements and tested performance can be relaxed. 
[REQ-IRMS-CoDP-6] The IRMS to NFIRAOS interface must permit instrument rotation to provide field derotation. 

[REQ-IRMS-CoDP-7] The IRMS must provide pupil derotation. 

[REQ-IRMS-CoDP-8] The IRMS wavefront sensor shall be designed to minimize vignetting, especially in the central 1/3 of the field where slits will be located. 

[REQ-IRMS-CoDP-9] The IRMS guide star availability performance shall presume the following vignetting of the field delivered by NFIRAOS.

[image: image2.emf]
Discussion: this graph is from the NFIRAOS 2-OAP design, and will be revised with the 4-OAP design data.  It is not expected to change significantly.  Note that an asymmetric vignetting feature also clips one side of the field, not shown in the above data. 
Additional requirements for IRMS are presented in Table 1. 

Table 1 IRMS Requirements 
	Requirement # 
	Description 
	Requirement 

	[REQ-IRMS-CoDP-9] 
	Wavelength Range 
	0.95 – 2.45 μm 

	[REQ-IRMS-CoDP-10] 
	Wavelength Coverage 
	The instrument shall cover an entire band at a time. 

	[REQ-IRMS-CoDP-11] 
	Image quality 
	>80% ensquared energy in 0.12” by 0.16” (2 pixel) box in spectroscopic mode; rms image diameters <0.07” in direct imaging mode over full bandwidth without re-focus.  Note that re-focus is permitted, to maintain image quality, when changing bands or modes. 

	[REQ-IRMS-CoDP-12] 
	Field of View
	Shall utilize the 2 arcminute NFIRAOS technical field. 

	[REQ-IRMS-CoDP-13] 
	Spatial Sampling 
	Sampling will be 0.060 arcsec/pixel in the spatial direction and 0.08 arcsec/pixel in the dispersion direction, for a 2Kx2K detector with a detector pitch of 18μm pixels that covers 2.05 arcmin 2.05 arcmin. 

	[REQ-IRMS-CoDP-14] 
	Spectral Resolution 
	R> 3270 with 3 pixel slit (0.24 arcsec) 

	[REQ-IRMS-CoDP-15] 
	Spectral Resolution 
	R> 4660 with 2 pixel slit (0.16 arcsec) 

	[REQ-IRMS-CoDP-16] 
	Spectral Coverage 
	All of Y, J, H or K for slits placed at the center of the field. Dispersion achieved with a reflection grating used in order 6, 5, 4, and 3 with two grating angles, optimized for Y/J or H/K. ) 


�If the MOSFIRE entrance window &  baffle geometry is altered, thermal analysis may be required.  We would sub-contract this out to Space Dynamics Lab- ~40 hours labor


�the schedule should be structured with most of the mechanical/systems work back-loaded until after April due to MOSFIRE integration and test activities;  then note that MOSFIRE is currently scheduled to ship and be installed June-July; Weber won't be able to put in substantial effort until August at which point ~3 months of work will likely be left to do; any significant slips in MOSFIRE could lead to delay in Conceptual design review to post-Nov.
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		Description		Budget

				FY11		FY12		Subtotal

		Personnel						- 0

		Proj Manager		10,000		15,000		25,000

		Proj Engineer		25,000		25,000		50,000

		(etc)						- 0

								- 0

		Equipment and Miscellaneous						- 0

				5,000		2,000		7,000

								- 0

		Travel and Meetings						- 0

								- 0

								- 0

								- 0

		Budget		40,000		42,000		82,000

		Exchange Rate		1		1		1

		Budget (USD)		40,000		42,000		82,000



Mabel Wong:
Labor, Travel, Equipment Purchase, etc.




