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1.0 Introduction

The Earth Atmospheric Solar-Occultation Imager (EASI) is an Earth sciences mission under study by the NASA/Goddard Space Flight Center.  EASI is conceived of as an interferometric 8-meter 1-dimensional interferometer at L2 (Lagrange-2) to provide the first 3-dimensional map of the greenhouse gases for the entire Earth.  Global coverage from L2 would be provided once per day from the lower troposphere at 6 km to the middle stratosphere at ~30 km (desired resolution: Altitude 1 km, Latitude 0.1 degrees, Longitude (2 degrees).

It is anticipated that EASI will be proposed under an upcoming announcement for the NASA Blue Horizon’s Opportunity scheduled for release in 2006.  It is anticipated that the first AO will be in the form of an NRA for a science mission study followed by a separate AO for a pre-phase A mission study.  This Request for Information (RFI) is being issued to request information for past performance as well as current and future capabilities of potential industrial partners for mission and instrument studies for EASI.  Specifically to:

· Assess capabilities in terms of the integrated systems that constitute the EASI mission including:
(1) Integrated Interferometric/Spacecraft Systems
(2) Active Optical Control Systems
(3) Instrument System – Interferometer/Spectrometer systems
(4) Mission Architecture
(5) Integration and Test
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Respondents should respond with information on their capabilities in one or more (or all) of the above areas.

There will be no exchange of funds between the teaming partners for this RFI process; we are only soliciting information for potential teaming partners on upcoming proposal opportunities.

2.0  Science and Mission Description

The EASI mission would operate at the Lagrange Libration Point 2 in a tight halo orbit with a mission life of 3-year design, 5-year goal with as yet undefined launch date.  From this vantage point EASI would perform spectroscopy of the Earth’s atmosphere occulting the solar disk (Figure 1) and would provide the first 3 dimensional maps of the greenhouse gases.  EASI would spectroscopically study H2O, O2, CO2, CH4, O3 and N2O absorption; giving their distribution in altitude at 1 km, in latitude at 0.10 and longitude at 20 by viewing the sun through the Earth’s atmosphere.  Global coverage would be provided once per day from the lower troposphere at 6 km to the middle stratosphere at ~30 km.  This would allow:

· A unique baseline data set of greenhouse gas distributions for the entire Earth.

· Show the dynamics mechanisms using these gases as unique tracers of atmospheric motion and strat-trop exchange.

· Form the basis from which we would be able to predict future changes in the atmosphere from anthropogenically driven increases in CO2, N2O and CH4.

· Estimate inter-hemispheric transport using CO2, N2O and CH4 as tracers of atmospheric motion.

· Observed stratospheric transport phenomena such as tropical isolation, tropical tape recorder, and the Antarctic ozone hole.

3.0 Science Payload
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The integrated science payload currently under study is a non-redundant structurally connected interferometer, consisting of 5 small telescopes separated over 8 meters on a one dimensional boom structure (Figure 2).  An active optical control system (AOCS) will sense the wavefront errors and feedback commands to active delay lines and fast steering mirrors to maintain the phase of the 5 optical channels.  It is likely that this system will be coupled to the pointing control system.  Instruments consisting of at least one spectrometer and an imager will reside after the beam combiner.   Table 1 shows the relevant science payload top-level requirements.

A respondent should address current capabilities in: space-based interferometric systems; systems engineering capabilities including detailed structural/thermal/optical systems level modeling, requirements flowdown, tracking, and interface management; wavefront sensing and optical control and development of the spacecraft.  The respondent should describe how elements of the science payload would be integrated and verified as individual systems and as part of the integrated system.

Table 1: EASI Science and Mission Top Level Requirements

	Aperture
	8 - 10m (1D interferometric)

	Resolution (2. 44 D @ = 2.0 um) 
	0.1 arcsec X 1.0 arcsec

	Wavelength Range
	1.0 – 5.0 microns

	Spectral Resolution
	< 10 nm at = 2.0 um

	Spectrometer FOV
	1 arcsec X 40 arcsec

	Imager FOV
	40 arcsec X 40 arcsec

	Pointing Stability (3 )
	< 0.02 arcsec per axis

	Piston Stability (1 )
	50 nm rms per telescope

	Tip/Tilt Stability (1 )
	0.02 arcsec per axis per telescope

	Overall Wavefront Error (1 )
	100 nm rms all 5 telescopes

	Mission Life
	3 year required; 5 year goal

	Orbit 
	L2 libration

	Propulsion requirement
	Propulsion to maintain halo orbit about L2


3.1 Telescope System

Each of the 5 telescope systems consists of a primary and secondary mirror and their respective adjustment mechanisms. It also includes an aperture cover, straylight baffles, a thermal control subsystem, the telescope structure and all metering structural elements to achieve the position requirements of the primary and secondary mirror. Electronics to operate the telescope’s mechanisms and thermal control hardware are also included in the telescopes systems.

All functions that involve the design, verification and testing of the telescopes are included in the work element of the telescope system. This includes a systems engineering function that defines and tracks requirements, mitigates risk, as well as manages the telescope interfaces with the spacecraft bus, the instrument system and the active optical system. This also includes an optical metrology for the entire science payload as well as verification for the interface with the instrument system and the active optical system.
3.2 Active Optical System
The Active Optical Control System’s (AOCS) purpose is to actively compensate for piston, tip and tilt due to structurally and thermally induced errors between the 5 telescopes and to facilitate initial on-orbit alignment of the optics.  The AOCS would nominally consist of one or more wavefront sensors, 5 fast steering mirrors (one per channel) and 5 delay lines (one per channel), the algorithms and the associated electronics.  The AOCS can use the science instrument(s) to sense the wavefront and would be coupled to the pointing control system. The AOCS will be integrated and tested within the integrated telescope/spacecraft system.  This is to validate the performance of AOS with all the telescopes and beam combiner in place.

All functions that involve the design, verification and testing of the AOCS are included in the work element of this system. This includes a systems engineering function that defines and tracks requirements, mitigates risk, as well as manages the AOCS interfaces with the spacecraft bus, the Instrument System and the Telescope System. 

3.3 Instrument System
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The Instrument Systems (IS) will consist of a slit spectrometer with the dispersing direction parallel to the Earth limb and the spatial direction perpendicular to the Earth limb and also a 2D spatial imaging camera.  Note that spectrometer and imager could be combined into a single instrument or that various other imaging/spectrometer designs are under consideration.  The respondent should discuss capabilities in terms spectroscopic and imaging (or combined) capabilities as well as focal plane capabilities. 

4.0 Spacecraft Bus 

The spacecraft bus needs to be closely integrated with the interferometric telescope system and science instruments. The Attitude Control System depends on feedback signals from the Active Optical Control System and the Instrument System of the Science Payload to obtain the requirements for pointing control and knowledge of the observatory.
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4.1 Observatory Integration and Test

The respondent can present capabilities for integration and test for the Science Payload and Spacecraft bus.  The respondent could identify facilities required for all environmental tests as well as facilities required for all phases of observatory integration.

4.2 Mission Systems Engineering Team

The respondent could present management capabilities for systems engineering support for the mission.   Capabilities to clearly identify, track and manage requirements. The responsibility for major payload elements would be identified and interfaces clearly defined.

5.0 RFI Responses

This (RFI) is to request information for past performance as well as current and future capabilities of potential industrial partners for EASI.  Responses should be consistent with the top-level requirements (Table 1) and should specifically address: (1) Integrated interferometric/spacecraft systems, (2) active optical control systems, (3) instrument systems – interferometer/spectrometer systems, (4) mission architecture, and (5) integration and test.
Respondents should respond with information on their capabilities in one or more (or all) of the above areas.  Responses will be reviewed and assessed based upon the respondent’s capabilities and their willingness and ability to partner with GSFC and the EASI Science Team to prepare for a successful proposal.

5.1 Format and Instructions

For each of the 5 categories proposed (section 1.0) are limited to 12 pages in not less than 12-point font.  Two pages of the ten may be foldouts. The exact size of the foldout is up to the discretion of the proposer. If the offeror were proposing for all 5 categories 60 pages would be available with up to 10 foldouts. Excluded from the page count are the cover letter, title pages, table of contents and page for the acronyms list.  Acceptable embedded graphics are to be TIFF, JPEG or GIF format. Offerors may feel free to attach additional appendices that further describe their capabilities.

5.2 Points of Contact: Questions about this RFI should be directed to Jay Herman (Jay.R.Herman@nasa.gov), the EASI Principal Investigator or Richard Lyon, the Project Scientist (Richard.G.Lyon@nasa.gov). All questions and their respective replies will be shared among all respondents.

5.3 Notice of Intent to Respond: Since we would like to make the questions and answers from all offerors to this RFI available to all who wish to be considered for this partnership, it is important for us to know who is intending to respond. This should be done in an email directly to Jay Herman or Richard Lyon by 5 pm (EST) February 18, 2005. Please clarify who the point of contact is to direct any information answered in response to questions from other offerors. Your organization may still respond to this RFI if you do not send a Notice of Intent (NOI). However, you will not have access to the questions of other respondents and our answers unless a NOI is received by the due date.

5.4 Final Due Date of RFI Response The response of the RFI is due by 5 pm EST on March 4, 2005. All responses should be submitted electronically, either as a PDF or a WORD document, on or before this time to Richard.G.Lyon@nasa.gov; an acknowledgement email will be sent back to the respondent.
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Figure 1 – Earth/Sun from EASI Vantage Point at L2 
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Figure 2 – EASI Spacecraft and Interferometer
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Figure 1 – Earth/Sun from EASI Vantage Point at L2 
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Figure 3 – EASI in Delta Launch Fairing
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