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1.  Introduction





Photons arriving at the Keck focal plane are characterized by the focal-plane x,y coordinates, a wavelength, and arrival time.  A single exposure provides an integral over the arrival time and leaves a three-dimensional "data cube."  There are various techniques for sampling this cube:





	multiple slit spectroscopy


	movable fiber spectroscopy


	Fabry-Perot spectroscopy


	scanning slit spectroscopy


	integral field spectroscopy





Integral Field spectroscopy samples the focal plane with a contiguous array of subapertures and provides a spectrum for each subaperture in a single frame.  We propose here to study the addition of an integral field unit (IFU) to ESI.





We envision one of two possible systems, each optimized to one of the two spectrographic modes of ESI.  System 1 could have a 10" x 10" field with 0.35" sampling and a resolution ranging from 700-1500. System 2 could have 4"x4" field with 0.75" sampling and a resolution of 6000-12000.





These two systems will most likely rely on substantially different technologies.  Possible technologies include mirror-based systems, fiber-based systems, lenslet-array-based systems, and combinations.  We will evaluate the applicability of the different technologies to ESI.





A series of IFU's have been built and used at the CFHT (SILFID, ARGUS, and TIGER PYTHEAS).  Units are being built for the GEMINI multi-object spectrographs.  A prototype IFU (SPIRAL) has been built for the AAT.  An IFU (SMIRFS) for observations in J and K band has been built for UKIRT.  Although IFU technology is not mature, these projects provide valuable experience that we will use as a basis for this study.








2.  Scientific Motivation





A large variety of targets can be better and more efficiently understood with a set of simultaneous spectra of contiguous sections of the image.  The following targets have been explored with CFHT IFU's.


telluric planets, comets, stellar jets, protostars, galactic X-ray sources, nuclei of galaxies, active nuclei, interacting galaxies, starbursts and AGNs, radiogalaxies, quasar environments, gravitational lenses.





Much of the science already targeted by ESI will benefit from the addition of an IFU. Any small (< 10”) object whose structure can be explored via multiple exposure  spectroscopy  can be better examined via a single exposure with an IFU.  In addition to the decreased exposure time, one benefits from the more uniform sky subtraction and flat fielding associated with a single exposure.





The internal kinematics of distant galaxies both in the field and in clusters are ideal targets.  The stars and emission line gas in spirals and the stars in ellipticals have a typical velocity dispersion of 100 km/sec, which is well resolved by ESI in the echellette mode. IFU spectroscopy could produce 25-900 simultaneous spectra sampling the galaxy in two dimensions. Information about the spatial distribution of stellar populations i.e. ages and metallicities , star formation rates, dust and gas could be. determined  With the high spatial and spectral resolution provided by the IFU detailed spatially resolved kinematics such as the orbital phase space distribution of nearby galaxies can be studied, in addition to the kinematics of the stars and gas in QSO host galaxies.  Also, a survey of  many such galaxies would provide information about luminosity evolution through Tully-Fisher and Faber-Jackson relations.





In our own galaxy, kinematics, composition and metallicity of star forming regions can also be explored.  Detailed studies of globular clusters (especially cusps) such as the diagnostic analysis of the dynamical state of a cluster core (core collapse, dark massive stellar remnants, central black hole),  studies of the deep mixing envelope of red giants and its relation to internal rotation as measured by horizontal branch stars would be well addressed by such an instrument. 


�
3.  Study





The initial phase of this study will compare existing IFU technologies and establish the relative advantages and disadvantages of each.  The results will be applied to the selection of technologies for the ESI IFU.





Two different systems will be evaluated.  A small field (2" x 2' to 4" x 4") moderate spatial resolution system to take advantage of the high  spectral resolution of the echellette mode of ESI. The other, a larger field (10" x 10"), higher spatial resolution system will be possible with the moderate spectral resolution of the prism mode of ESI.  Preliminary designs for the best system will be presented.





Small Field System





An attractive technology to be evaluated for the small field system is that of a modified image slicer.  A series of long narrow mirrors are placed in the focal plane of the telescope, each with a different tilt.  Each mirror acts as a slit and reflects a portion of the field to a  different secondary fold mirror. The secondary fold mirrors redirect the beams so that the combination of all segments of the field form a virtual slit image in the focal plane of the spectrograph. In addition, this second set of mirrors serves to make the beam telecentric with respect to the spectrograph.





Improvements to this design include using a first set of curved mirrors to image the pupil onto the second set of mirrors, along with a set of curved second set of mirrors to form a real image of the slit at the spectrograph  focus.  This allows the system to be more compact.  A system of this type is currently being developed at Durham University (Robert Content, 1997).





We propose to evaluate image-slicer designs that would fit into the existing multi-object slit cassettes of ESI, making the IFU observations interchangeable with standard spectroscopy.





Larger Field System





For the larger field system we will evaluate technologies that include fiber-based systems and lenslet-based systems.  Examples of these include the SPIRAL system at the AAT and the TIGER system at CFHT.





The lenslet-based system would consist of enlarging optics to both slow the f/15 beam and compensate for chromatic aberration.  The enlarger relays the image from the telescope focal plane onto a lenslet  array.  The lenslet array speeds the beam back up to f/15 and forms an  array of small pupil images each corresponding to a segment of the  image.  These pupil images are formed in the focal plane of the spectrograph.  Each pupil image acts like a slitlet to be dispersed by  the spectrograph.  The problem of overlapping spectra is solved by rotating the lenslet array about the optical axis by a small angle.  This  allows the spectra from adjacent field points to be fit next to each other in the spatial direction,  and shifts them slightly in the dispersion direction.  





An optical design for a fiber-based system might include the following series of elements.


	1  enlarging optics


	2  input micro-lens array


	3  fiber optic bundle


	4  output micro-lens array


The enlarging optics magnify the telescope focal plane to match commercially-available lenslet arrays.  The input micro-lens array samples a rectangular region of the magnified focal plane.  The enlarging optics and input micro-lens array serve to re-image the telescope pupil onto the core of each fiber and to speed the telescope f-ratio to match the fiber's.  The fiber bundle serves to re-route the light back to the spectrograph slit plane and re-format the rectangular input array into a linear array.  The output micro-lens array serves to match the fiber output f-ratio to the slower f-ratio of the spectrograph.








Having selected a preliminary design for each system, we will investigate the following features:


	•  throughput


	•  spatial resolution


	•  spatial range


	•  spectral resolution


	•  spectral range


	•  scattered light


	•  background field


	•  gravitational and thermal sensitivity


	•  impact on the ESI structure


	•  impact on ESI electronics


	•  impact on ESI operations


	•  installation and removal procedures


	•  calibration procedures


	•  cost


	•  schedule


	•  technical risk


	•  flexibility, ease of modification















































4.  Budget


				person-hours	labor		contingency	reports	travel





Study				320		$14,128	


Mechanical Engineering	80		$  3,532


Structural Engineering	80		$  3,532


Optical Design		80		$  2,416





Subtotal					$23,608	


5% contingency						$1180.4


Travel (Site visits)									$4000


Report Costs									$2000	


Totals						$23,608	$1180.4	$2000	$4000							





Total proposal budget = $30,788.40


	


We propose this study in the context of expecting that an IFU for ESI would ultimately cost about a quarter million dollars.








5.  Schedule





The personnel who will be most active in this study expect to be fulfilling commitments to the completion of ESI in the first half of 1998.  We expect the majority of the study will take place following the installation of ESI.  Our goal is to complete the study by September 1998, with a possible delay to a deadline of December 1998.
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