             CELT Science Working Group Meeting

                 27 March 2000, UCLA

present: Mike Brown, Judy Cohen, Richard Ellis, Andrea Ghez, Mike Jura, Chuck Steidel

We agreed to action items for the next meeting of the SWG, scheduled for Tuesday, May 9, 2000.

Written reports on these items are due to be distributed to the rest of the

SWG (via e-mail) by Tuesday, May 2. 

Action items:

    o Mike Jura will study the case for the detection of earth-like planets around stars

   in nearby star forming regions, using CELT in the thermal-IR (where the contrast between

   planets and host stars is minimized). He will also investigate the scientific utility

   of high resolution thermal-IR spectroscopy.

    o Mike Brown will investigate science involving the chemistry of circumstellar disks

   using thermal-IR spectroscopy (in consultation with Geoff Blake and Lynne Hillenbrand,

   and possibly others. 

    o Andrea Ghez will detail the science case for studing disks around low-mass stars

   in nearby star forming regions. In particular, she will investigate whether the

   sensitivity will be adequate for obtaining observations at the thermal IR

   diffraction limit of CELT (both imaging and moderate-resolution spectroscopy) 

   at the distances of important nearby star formation regions (as a function of telescope emissivity). 

   She will also estimate how many stars will come into reach at the diffraction limit of a 30m CELT.

    o Richard Ellis will continue working on wide-field science drivers (programs making use

   of the full 20' field provided by the baseline design of CELT), filling in more scientific

   details.

    o Judy Cohen will investigate the utility of thermal IR observations for studying nearby

   AGN, and will describe the science case for near-IR diffraction limited imaging with

   adaptive optics, in particular focusing on dense stellar systems.

    o Chuck Steidel will flesh out the science case for ``wide field AO'' spectroscopic programs

   with CELT, and the scientific complementarity with NGST in the near-IR.  

___________________________________________________________________________________________

  Most of the meeting was spent discussing the scientific need for thermal-IR capabilities

 for CELT, since at the last CELT steering group meeting it was emphasized that the telescope

 and adaptive optics design for CELT will depend rather strongly on whether optimization for

 (diffraction limited) thermal IR (lambda > 2.5 microns) is attempted.

 o Mike Brown reported that, after thinking hard about the question of the science case

  for diffraction limited thermal-IR imaging for solar-system studies, it is probably not

  a strong enough case to influence the telescope design (i.e., it would be nice but

  this capability should not be driven by the solar system science). 

 o Mike Jura discussed the possibility that thermal IR spectroscopy, coupled with diffraction

  limited images, could be used to search for ozone in earth-like planets around stars in nearby

  star formation regions (to distances of ~150 pc). He will study 

  the feasiblity of such observations (i.e., work through the numbers carefully) for next time. 

  Mike also discussed the utility of thermal-IR imaging

  for studying heavily obscured regions of intense star formation (e.g., ``super star clusters''

  or forming globular clusters in nearby galaxies), and for the study of pre- and post-main sequence

  stars in the Milky Way.

 o Andrea discussed how the spatial resolution of CELT will allow one to resolve the disks

  ofT-Tauri (i.e., low mass) stars at the distances of the nearest rich star formation regions, allowing

  one to resolve the temperature profiles of the disks, and study the chemistry of the disks

  with intermediate resolution spectroscopy. Currently, one can resolve only disks

  associated with high mass stars using Keck in the thermal IR. 

 o Mike Bolte reported, via e-mail (and in response to an action item assigned at the last meeting)

 that he did not believe that there was a strong case for a prime focus focal station for CELT.

 He also spoke with several people about the scientific case for very high resolution spectroscopy

 (R>100,000) with CELT. While there are some interesting scientific problems that can be addressed,

 they tend to be fairly narrowly focused questions-- most of the high resolution science on both

 stars and QSOs will be possible at resolutions of 30,000-100,000 due to the finite velocity width

 of spectral features.  

 o Richard discussed wide field science with CELT, assuming a 20' field. He considered the

  following questions:

    -Is a 20' field wide enough to make the ``wide field'' use of CELT interesting?  

    -What are the science drivers for the use of the wide field?

    -How competitive would this capability be with wide field instruments on (smaller) dedicated

      telescopes?

    -What are the implications for the instruments?

  A figure of merit was introduced for comparing telescopes with varying apertures and field sizes,

  the product of A(m^2) and solid angle (deg^2). Here are some numbers:

      Keck         5 units 

      AAT         16 units (with 2DF)

      Subaru      14 units 

      Magellan    15 units

      CELT        79 units

  Figure of merit is of arguable usefulness, but serves to illustrate that CELT is quite

 interesting relative to other facilities with wide fields. CELT is especially beneficial

 for objects with steeply increasing surface density as a function of apparent magnitude

 (e.g., QSOs).

  Examples of seeing limited, multi-object, optical and near-IR programs that would benefit

 from CELT with wide field:

      . low mass stars (e.g., BD's) in open clusters -- as many as 100/deg^2 to H=21-22

      . stars in the halo of M31 (I~24): chemistry, kinematics, etc.

      . intracluster planetary nebulae (m=25-- distances, kinematics, etc.) in nearby clusters of galaxies

      . extragalactic globular clusters (the systems of nearby galaxies out to ?? distances)

      . QSO absorption lines: R=30,000 spectra to m=22, where surface density of QSOs is up to

       several hundred per square degree (tens per CELT field of view). Mapping diffuse baryons,

       dark matter using the Lyman alpha forest, relation to galaxy structure, etc.

      . cool white dwarfs (spectroscopy) in the Galaxy 

 o We then discussed how CELT with AO in the near-IR was likely to be used most of the time.

 Half of the group thought that most of the use would be on narrow-field (single object) targets

 where the traditional isoplanetic angle (single conjugate system) would provide more than

 adequate field coverage. The other half believed that covering a larger area would open up

 significant new science opportunities that would be widely used.  A lot would depend

 on the quality of the photometry that is going to possible with AO, in particular in

 crowded stellar fields. The problem is of course that the PSF is both time and position

 variable, so that considerable study is going to be necessary to see how well one will

 be able to do. Judy will begin thinking about this problem.

  Another large question is whether AO-fed wide-field *imaging* (of extragalactic sources,

  for example) is going to be of interest in the NGST era. The obvious power of CELT will

  be to allow spectroscopic multi-object studies of relatively large AO-corrected fields

  (where photometric precision will be less important). What size AO field does this

  sort of work require? Our simple answer in the past has been that trying to achieve

  fields comparable to the size of the imagers on NGST would be desirable. But we

  need to think harder about whether this is an important complementarity. Chuck will

  work on this question for our next meeting.

