          CELT Science Working Group 

             December 17, 1999

            023 Robinson, Caltech

***************************************************************

Present: A. Ghez, C. Steidel, M. Jura, M. Brown, R. Ellis, and by

    phone, M. Bolte. Missing due to a travel commitment was J. Cohen. 

After introductions, Steidel reviewed the charge to the CELT Science Working Group as

established by the CELT steering group chaired by Miller and Sargent. 

Our goal over the next 12-18 months is to produce a self-contained, illustrated

document, along the lines of a ``white paper'' that might be produced for

a NASA mission (Steidel will send out copies of two recent NGST documents

as examples that will double as background information on NGST),  

that covers the overall science drivers of CELT. We hope to produce the

equivalent of a ``Design Reference Mission'' that will simultaneously 

advertise the scientific capabilities of the telescope, and serve as

a guide line to be used by other CELT working groups in identifying key

technologies that must be developed to allow the science goals to be reached. 

To focus the discussion, we identified several important issues that

must be addressed in the course of our work: 

    -- What are the science drivers for the telescope design? What

   are the issues that push us toward the current strawman design of

   a fully-steerable, Ritchey-Chretien segmented mirror filled aperture

   telescope as opposed to a Hobby-Eberly-type device where one could

   in principle obtain significantly more aperture for the same dollar

   expenditure, or a distributed aperture system where much higher angular

   resolution could be obtained in certain regimes. 

     After some discussion, we agreed that, while there is no one ready to

   begin serious work on an HET-like telescope or a large OIR interferometer

   (this being, for practical purposes, driven by the experience and interests 

   of Jerry Nelson and collaborators), and it would be impractical to simultaneously

   study all of these various options, part of our job is to reach the conclusion

   that the strawman concept for CELT is one that is naturally reached on consideration

   of the science that will be important in the era of CELT. While all of us present

   had the overall feeling that the versatility of a fully-steerable telescope

   is highly desirable, questions were raised as to what one actually gives up in

   a scaled-up HET-like telescope. There was speculation about limited field size,

   variable image quality and pupil characteristics, difficulty in doing target-of-

   opportunity science, and placement/throughput of instruments that must be

   fed by a moving secondary. We agreed that more information was needed, in light

   of the fact that one might be able to build a telescope of almost 2 times

   the aperture for the same cost for an HET-like design (it was pointed out that

   the current prototype for this kind of design was far from achieving impressive

   results at the moment). Mike Bolte agreed to gather more information on HET

   and the so-called "ELT", the proposed next generation version of the same overall

   concept. Mike will also gather the latest information on OWL, the ESO 100m project.

     For the interferometry issues, Mike Borwn and Andrea Ghez agreed to put together

   some numbers/thoughts on trade-offs related to breadth of science, spatial resolution

   and dynamic range and sensitivity. To provide a point of comparison, Mike Jura offered 

   to study the relative impact of large single-dish radio telescopes versus interferometers,

   including Bonn, VLA, and VLBA. 

  -- Given that CELT is envisioned to be intimately tied to the development of AO,

   we considered it important to address what would be desirable, from a scientific

   perspective, for the CELT AO capabilities. This involves several issues:

     . What is the desired size of the AO-corrected field, and what Strehl ratio

      over that field size is acceptable?

        We realize that a key issue for CELT is how it complements (and competes

      with) NGST. CELT would

      have about 4 times the spatial resolution of NGST, which means that the point

      source sensitivity for an AO-corrected field could exceed that of NGST in the

      1-2.5 micron range. Several of us thought that an AO-corrected field size of

      3-4 arc minutes, similar to the cameras envisioned for NGST, would allow for

      eventual multi-plexed spectroscopy and complementary imaging of NGST-like fields. 

      We need to flesh out what fraction of AO science would make use of such a large

      field, and we need to understand better the AO issues in delivering large

      corrected fields (multi-conjugate systems, "difficulty function", etc. We 

      realized that it does not make sense to pronounce goals for AO without better 

      understanding of these issues. We agreed to ask Rich Dekany come and talk to us at our

      next meeting. 

     . How far down into the traditional "optical" regime can (or should) AO be

       pushed? What are the possibilities here? 

       Clearly this is a very difficult area from a technology standpoint, but the

      scientific return of extending AO into the low-background regime could be huge.

      We hope to get some thoughts from Rich Dekany on these issues as well. 

     . Several of us had questions on the feasibility lower order AO corrections and 

      how they might be used to improve image quality without attempting to reach the

      diffraction limit (e.g., achieving PSFs better than seeing limited resolution over

      relatively large fields, when diffraction limit is "over-kill").

  -- Wide Field Science

     . While in many respects CELT is going to be sold on the basis of what it can to

      in conjunction with AO, many of us feel that it will also represent a fantastic

      gain for wide-field science, since the strawman concept for CELT achieves a 20

      arc minute field (like Keck). A crucial issue here is breaking the cost/feasibility curve

      for instruments. This will probably involve dividing up the focal plane in some

      way (e.g., fibers, etc.). 

      We will need to work closely with the Instrumentation Working Group in this

      area. Our job will be to enumerate science projects (e.g., multi-object high

      dispersion spectroscopy) that would benefit from the wide-field mode. Richard Ellis

      is a member of both the IWG and the SWG and so will serve as liaison between these

      two groups. 

*************************************************************************************

    It was agreed that it will be necessary to meet regularly in order to make

    substantial headway; the next meeting is tentatively scheduled for January 27, 2000.

    We will ask Rich Dekany, chair of the AO working group, to join us for a discussion

    of the science/technology trade-offs related to the size of the AO-corrected

    field envisioned for CELT. For logistical reasons, the meeting will probably

    take place at Caltech, although UCLA will host a meeting in the near future. 

    A general action item for SWG members is to begin thinking about

    possible scientific areas where CELT would have a very large impact. In particular,

    it will be important to develop a strong case for the thermal IR (3-20 microns)

    where CELT will not be competitive with NGST in terms of sensitivity but

    where the 4 times higher spatial resolution will allow large gains (Ghez, Brown,

    and Jura). It should also be the responsibility of working group members to

    solicit scientific input from colleagues at our institutions. We should be 

    encouraged to begin calculating real sensitivity estimates for CELT in its

    various anticipated modes; this will show us where we need to push the technology

    development and will begin to show us how best to make the strongest possible

    case for CELT. The obvious points of comparison we need to make are between

    CELT and Keck and CELT and NGST.  

 Budgets

     We spent the last 45 minutes of the meeting discussing our budgetary needs for

    the coming year. All agreed that the flexibility to be able to invite experts who

    might come from outside of the CELT community to talk to us about technology development

    (e.g., multi-conjugate AO, instrument concepts, etc.) would be desirable. We would

    also need to be able to cover the travel costs of people coming from > 50 miles

    to attend our meetings. This would typically be 3 or 4 people per meeting, where

    the costs would be about 300.00/person for plane ticket + rental car + incidentals

    (based on SSC experience), or about $1000/meeting. The meeting logistics should

    run in the $200 range typically. We would plan on having 1 meeting of the SWG

    per month, on average.

     We discussed at some length the possibility of retaining a postdoc-level person

   who is both AO and astronomy literate, who could help with simulations, production

   of graphics, and perhaps maintenance of a CELT web page. All of us are fairly

   heavily over-subscribed and while we have good ideas about what needs to be done

   in connection with our CELT work, we may need help to accomplish it. The logistics

   of finding and hiring such a person could be difficult, however we would like

   to explore with the steering group chairs and the Caltech administration the possibiltiy

   of borrowing a JPL scientist for this purpose. It is not clear that this person would

   be needed  full time, but at least 50% averaged over the year might be desirable.

   Several names of people who might be well-suited to this sort of thing were mentioned. 

    Summary, year 2000 budget request:    Meeting costs: $1200/meeting for members of SWG

                                                           800/meeting for outside speakers

                                                         _______________

                                                          $2000/meeting * 12 = $24,000

                                        (this money would be roughly evenly split between

                                          UC and Caltech, I would imagine- we could have

                                          the host institution be responsible?)

                                        SWG "assistant":  ~$50k for 50%, or ~100k for 100% 

----------

