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Summary

The  Mid-IR Instrument Partnership Planning Group makes the following recommendations for the mid-IR instrument for NGST. The instrument should be a camera -spectrograph covering the 5-28m region, with separate channels for short and long wavelengths. It should have a nominal  2 arcmin  field of view for imaging. It should also provide  cross dispersed, small integral field, R (1500 spectroscopy in each channel,  with a low spectral resolution spectroscopy addition at  the short wavelengths .  The USA and Europe will have equal responsibility for provision of the instrument via co-PI's, and this is  reflected in the recommended division of work, which is expected to result in an equal sharing of the costs.  As detailed below the USA will provide detectors, detector electronics and software, and the cryo-cooler, and Europe will be responsible for the rest of the instrument.  The project office through which communication between the NGST project and the instrument team flows will be provided in the USA.  We recommend that a steering committee be selected to enable the USA and Europe to work together during the instrument concept development.  
1. Introduction

A mid-infrared instrument would have huge science potential on the Next Generation Space Telescope (NGST). Important applications include: spectroscopy of low mass very young stars and brown dwarfs; imaging and spectroscopy to determine structures, mineralogy and gas content of protoplanetary and planetary debris disks; and imaging and spectroscopy of very high redshift, dust embedded galaxies to determine their level and type of starforming or nuclear activity. In addition, the potential advances in the mid infrared are among the largest possible among all the NGST capabilities, providing a very large discovery space. For these reasons, the Ad-Hoc Science Working Group (ASWG) recommended  a 2 arcmin field mid-IR imager-spectrograph  as one of the three required instruments for NGST, along with a  near infrared camera  and a moderate resolution (R ~ 1000) near infrared multi-object spectrometer. It also placed  high priority on R >~1500 resolution integral field mid infrared spectroscopy.   

A tentative agreement was reached between ESA and NASA to provide the mid infrared instrument through a combination of special contributions from the ESA member states and a portion of the NASA NGST budget, with a possible additional contribution from the CSA. The agreement specified that a Mid-IR Instrument Partnership Planning Group would be formed to propose an instrument concept and management approach. This group met  at Space Telescope Science Institute on September 28 and 29, 2000. The meeting was attended by George Rieke and Eugene Serabyn from the USA, Ewine van Dishoeck and Gillian Wright from Europe,  John Mather and Peter Jakobsen, the NGST project scientists for  the USA and Europe,  Koos Cornelisse (the ESA study manager), Russell Alexander (CSA NGST Project manager), and a number of members of the NASA NGST study team. Those members of the Mid-IR Instrument Partnership Planning Group who were unable to attend the meeting (James Houck and Charles Telesco from the US and Pierre-Olivier Lagage and Thomas Henning from Europe) had participated via national meetings or telephone discussions.

Although the various attendees of the meeting came with a variety of perspectives, the group moved efficiently  to the  common view that is summarized in this report. It is the unanimous view of the members of the planning group that this consensus can provide the foundation for an extremely powerful mid infrared capability built around the technical strengths of the partners and within a reasonable budget. 

2. Instrument Concept

The first charge to the  Planning Group is to recommend an instrument concept. From technological considerations, the mid infrared range for NGST extends from 5m (the cutoff wavelength of InSb or high performance HgCdTe detectors) to 28m (the cutoff of Si:As IBC devices). The wide wavelength range of operation imposes difficult engineering problems for a single instrument module -- a range of background by many orders of magnitude, different cooling requirements, and different plate scales. It was concluded that the instrument should contain modules optimized respectively for the short and long wavelengths, each capable of carrying out imaging and spectroscopy as required by the NGST Design Reference Mission (DRM). 

Although details of the performance characteristics of these modules will be determined during the development process, involving systems engineering and management and budget considerations, we agreed upon the goals in Table 1 for the instrument design. This concept is somewhat more ambitious than the bare minimum "point design" of the NGST project, but it represents a reasonable minimum instrument to satisfy the high priorities for the mid infrared set by the ASWG. 

Detector arrays:
1kx1k Si:As IBC device per module (additional array(s) to be considered if they simplify other aspects of the design)

Imaging fields of view: 

2 arcmin square (goal)

Low spectral resolution:

R ~ 100 in short wavelength module (driven by 

high z galaxy studies)

High spectral resolution

R >~ 1500 in both modules (driven by emission line 

studies)

Spectroscopic FOV:


~ 2x3 arcsec IFUs, cross dispersed to provide full 

spectral coverage in one exposure

Coronagraph:



simple (occulting hole?) for each module, must not 

add design complexity

Table 1: Basic Instrument Characteristics

3. Division of Responsibilities

The second charge to the group is to recommend a management approach, including a division of responsibilities among the participants.

The primary goals in dividing the responsibilities for the instrument were: 1.) draw on appropriate technical expertise; 2.) honor the guideline of a roughly 50/50 split (with additional CSA support) in costs; 3.) provide a clean and well-controlled interface between instrument components; and 4.) maximize efficiency. All of these goals are met by our proposed organization. ESA would take responsibility for the optical concept (with concurrence on the design by U.S. and CSA representatives), opto-mechanical design (including filters, baffling etc)  and fabrication, and the relevant portion of integration and test to provide a fully verified product. The U.S. would take responsibility for the full data chain up to the facility interface: detector arrays, control software, and electronics (the latter to be provided by the project as a common facility); the cryocooler; and a project office that would be the single point of contact between the NGST project and the instrument effort. The approach for final testing of the integrated instrument, and the division of systems engineering responsibilities, should be negotiated after further definition of the instrument and of the financial resources available. The CSA would provide one or more instrument components (e.g., calibrators). The instrument development effort should be led by co-PIs, one for the U.S. and one for the European effort. Each PI will be expected to lead the appropriate portion of the development and to coordinate with the other PI to be sure that common requirements, and consistent approaches and schedules, are used throughout the effort. 

This division of responsibilities is compatible with the technical resources in Europe, the United States, and Canada, and with the NGST technology investments by NASA. The signal chain involves many critical interfaces involving low level analog signals and delicate digital timing, and it needs to be developed as a whole. The availability of the impurity band conduction (IBC) detector technology  only in the U.S., and the plans to provide the control electronics by the U.S. as a common facility, lead directly to the recommendation to consolidate the signal chain effort in that country. ESA had surveyed European cryocooler technology and informed the Planning Group that it was not prepared to provide this component. On the other hand, experience with ISO, FIRST, and other infrared instruments demonstrates the expertise of the ESA members in cryogenic optical technologies, cryogenic mechanisms, and the issues of integration and test of cryogenic optical instruments. Again, the full optical bench assembly needs to be designed and tested as a well-integrated unit, which is expedited by giving full responsibility to Europe/ESA. Control hardware and software for the mechanisms should be part of this task. 

Consolidating the activities in the recommended way also maximizes efficiency. For example, there will be substantial commonality between the optical systems for the modules, and developing them together will avoid the engineering duplication implicit if each party built one. The project office will  prevent misunderstandings that could easily arise if the NGST management had to decide whom to contact about relevant issues, and will also provide an efficient means for the instrument developers to evaluate the interfaces to the rest of NGST. Finally, our rough estimate is that the proposed division is compatible with the funding resources and with a 50/50 split of responsibilities (with an additional CSA contribution). 

To motivate and reward the instrument development team, an allocation of guaranteed observer time equal to that for each of the other two instruments should be made available to the mid-IR instrument team This time can be understood to be divided nominally 50/50 (with an appropriate Canadian share), but the details of the science program and the time division should be left to the two co-PIs. 

4. Instrument Definition

While the appointment of European and US co-PIs, with responsibility for a joint management plan and a division of technical work as described above, is the key approach by which the instrument can be developed collaboratively, there is a need for an interim arrangement until such time as the two co-PIs are selected. The three organizations involved with the mid infrared instrument operate in different ways and on different schedules for instrument definition. ESA desires to proceed with further definition quickly, while the U.S. would not select a PI for more than a year on the normal schedule.  Canada does not propose a central role, but needs to have input commensurate with its contribution. A more fully developed instrument concept and costing of work-packages will be required in Europe  for national contributions to be secured, and the European team formed. We urge the U.S. to select a PI as soon as possible. In the interim, since this instrument is to be provided collaboratively, we recommend appointment of a steering committee to work together beginning late 2000 to create a design and integration and test concept for the joint mid-IR instrument. A "first pass" at this design and the integration/test plan is needed by April/May 2001 in order for the intra-European division of work and more detailed study to begin. This committee  can provide inputs from Europe/ESA to the ISIM development process. It will also ensure US representation at all steps in European studies, and vice versa, until the co-PI's become responsible for the collaboration. 

In basic outline, this committee would consist of four members appointed by ESA, four by the U.S. and one by Canada, with the chair selected from among the ESA members. The committee needs to be in place by late 2000, with membership so far as is possible reflecting those likely to contribute to the instrument procurement. As the various selection processes progress, it may be appropriate to change the membership of the committee, but at all times the full US and European representation needs to be maintained. Once the full flight instrument development team has been selected, this steering committee should be dissolved since the effort should then be guided by members of that team.

5. Conclusions

The Mid-IR Instrument Partnership Planning Group has recommended, as described above, an instrument concept for the NGST mid-IR instrument, a division of work between Europe and the USA and a top level management plan by which the instrument can be procured.  Pending the appointment of the two co-PIs, we recommend formation of a  steering committee as quickly as possible. This group will provide a more detailed procurement plan as the instrument concept develops and the resources available in Europe are clarified. 

