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1.  Introduction





We propose here to study issues associated with adding Fabry-Perot spectroscopy / narrow band imaging to ESI.  The results of this study will provide the basis for a full proposal.





A Fabry-Perot (FP) mode will deliver excellent-throughput, narrow-band images (dl = 2Å) with full spatial resolution (seeing-limited) over a field of view (up to 2' x 8').  The tunable character of the FP etalon will provide continuous tuning of the central wavelength of the band l0.  During a typical observation, the FP is scanned over a range of wavelengths;  e.g. in a 24 x 5 min = 2 hour exposure one could scan a 2Å wide etalon over a 24Å range in 1Å steps.   The accessible wavelength range is set by the coatings, and we expect a range of order 4000Å.





2.  Scientific Motivation





A Fabry-Perot mode in ESI will provide enhanced capabilities in many areas of research.


We list here only a few.:





Internal Dynamics of Galaxies


	• kinematics of elliptical galaxies using stellar absorption lines


		 and planetary nebula emission lines


  	• distribution of stellar orbits from fully-sampled 2-D velocity fields


	• kinematics of spirals using ionized gas (Ha, [OII], [OIII], etc.)


		 emission-lines and/or stellar absorption lines


	• accurate measurement of rotation curves


	• mass profiles and dark matter content


	• Faber-Jackson and Tully-Fisher relations vs redshift as a probe of galaxy evolution.





Redshift Surveys of Complete Volumes


	• surveying for groups/clusters associated with known galaxy /QSO absorption systems


	• identifying the members of a galaxy cluster, 


		e.g. around a QSO/galaxy with a previously measured redshift


	(The ESI field of view is well matched to the core size of a typical z ~ 1 cluster.).





Diffuse Ionized Gas in Galaxy Halos and Clusters 


	• extended ionized halos of galaxies


	• SN-driven material


	• ram pressure stripping of gas-rich companions, etc.


	• warm ionized gas in clusters or  groups.





3.  Study





We will investigate the following issues:





   Location of FP and mode(s) of operation 


Possible etalon locations for ESI's imaging mode are: (1) just above focal plane in the f/15 beam and (2) close to the pupil (directly in front of camera).  This latter option has already been included in the design of ESI.  We will study the associated issues and  tradeoffs:  1) physical size of etalon required to maximize the field of view or to enclose as much of the pupil as possible and 2) space constraints (clearance for collimator-to-grating beam, filter wheel, and second prism).





   Second etalon designs 


We will also consider the possibility of adding a tunable secondary etalon with coarser finesse dl ~ 50Å,  somewhat less than the free spectral range (FSR) of the primary etalon, to act as an order blocking filter for primary etalon.  We will consider the cost, availability, space constraints, etc., relative to using an array of narrow-band blocking filters (see below).   A secondary etalon can serve also as a tunable filter for moderately narrow-band imaging applications.   Regular broad band filters (UBVRI) to be used as order blocking filters for secondary etalon, and we hope that narrow-band imaging can be done across the full wavelength range of the filter set.  This will be studied.





   Echellette mode


We will study the use of a primary etalon only (no order-blocking secondary etalon) in echellette mode, instead of the usual ESI imaging mode employed by the other etalon designs.  An etalon placed in the image plane of the echellette spectrograph (without a slit) will produce a series of narrow band images each with the linewidth of the FP and separated in the high dispersion direction by the FSR of the FP and the eschellette dispersion and in the cross dispersion direction by the dispersion of the prisms. 





In this mode, scanning across one FSR of the FP will cover the entire spectral range of the detector. Initial back of the envelope calculations show a possible useful field of 20"x 60", giving an entire 3-D data set in about 50 exposures stepped by ~1Å.





   Performance tradeoffs for each design option


We will study the following tradeoffs.  Etalon in convergent (f/15) vs parallel light (imaging mode 1 vs 2);  vignetting the pupil in mode 2 (reduced light gathering power) for even the largest standard etalon size---custom built etalon is more expensive and   may not clear beam;  degradation of effective spectral resolution in mode 1; degree of defocusing of irregularities on etalon surface in mode 1; field angle dependence of central wavelength.  Echellette mode: matching etalon finesse to spectral resolution of echellette grating to minimize "smearing'' (due to echellette grating dispersion) of the individual images formed by each etalon order; Maximizing field of view of etalon while avoiding significant order overlap. 





   Blocking filters


Requirements:  bandpass width (must be less than FSR of primary etalon) ~ 50 Å; Tradeoffs will be studied considering the location, physical size, types, and number of filters required to span useful range for FP operation.





   Coatings 


We will study the wavelength range for coating transmission---"red'' vs "blue'' coating.  We will make optical design studies of the impact of reflections and ghosts.





   Sensitivity to temperature changes and gradients


The effects of temperature changes and gradients on the etalon, bandpass and central wavelength will be calculated.





   Sensitivity to gravity loads


The effect of gravity load changes on the etalon will be calculated.





   Support requirements


We will estimate the support requirements: e. g. , power, signal chain, dust cover, etc.





   Impact on non-FP modes of ESI 


We will estimate the effects of the presence and operation of the FP on the non-FP modes of ESI, considering such issues as: heat generated by the etalon controller, the added load on the stage carrying the second prism, space constraints, etc.





We believe that a single pupil-mounted etalon (imaging mode 2) will be straightforward to implement into ESI.  Much of the design work has been considered, for example: Since the etalon  and cross-dispersing prism #2 are never used together, the translation stage for this prism has been designed with a multi-position capability.  Only minor modifications to the stage mechanics will allow the mounting and positioning of the etalon.  In addition,  since we are using a  servo-controlled stage, no modifications to the electronics and only small modifications to the software will be required.





The image-plane (mode 1) etalons will be evaluated with a design goal of installation into the existing slit and filter wheel cassettes, making the FP and spectrographic modes interchangeable.





4.  Budget


2 person-months / engineering 	17,200


2 person-weeks / programming	  5,800


1 person-week / electronics		  1,900


2 person weeks / optical analysis	  2,400


	 project management			     200





		Total labor			27,500


	5% contingency			  1,400


	documentation			  2,000


		Total budget =		30,900





This budget is in the context of a final instrument development cost of roughly $250k.





5.  Schedule


Several of the personnel who would carry out this study are currently occupied with ESI development.  Therefore, much of the engineering analysis could not be completed until after ESI is shipped to Hawaii.  The majority of the study would be completed over the summer of 1998 with a delivery target of September.
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