Wide-Field Optical Spectrometer (WFOS)

Science Objectives

· Tomography of the high-redshift intergalactic medium

· Gamma-ray bursts, supernovae, tidal flares and other transients

· Rest-frame UV properties of high-redshift galaxies
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	Figure 1: Tomography of the intergalactic medium with WFOS. TMT/WFOS spectroscopy will go ~2.5 mag deeper than 8-10m class telescopes, and background UV-bright galaxies will then become usable beacons. The resulting surface density of sightlines on the sky will increase by 2 orders of magnitude, and it will thus be possible to probe individual galaxy haloes with multiple sightlines. TMT is a wide-field telescope when applied to the high-redshift Universe where a 20’ telescope field of view is equivalent to 3.4( at the typical redshifts in the SDSS.


Top-level Observatory Requirements

	Requirement ID
	Description
	Requirement

	[REQ-1-ORD-3950]
	Wavelength range
	0.31 – 1.0 µm

	[REQ-1-ORD-3955]
	Image quality: imaging
	( 0.2 arcsec FWHM over any 0.1µm wavelength interval (including contributions from the telescope and the ADC at z = 60(

	[REQ-1-ORD-3960]
	Image quality: spectroscopy
	( 0.2 arcsec FWHM at every wavelength

	[REQ-1-ORD-3965]
	Field of View
	40.5 arcmin2. The field need not be contiguous.

	[REQ-1-ORD-3970]
	Total Slit Length
	( 500 arcseconds

	[REQ-1-ORD-3975]
	Spatial Sampling
	< 0.15 arcsec per pixel, goal < 0.1 arcsec

	[REQ-1-ORD-3980]
	Spectral Resolution
	R = 500-5000 for a 0.75 arcsec slit, 150-7500 (goal)

	[REQ-1-ORD-3985]
	Throughput
	( 30% from 0.31 – 1.0µm, or at least as good as that of the best existing spectrometers

	[REQ-1-ORD-3990]
	Sensitivity
	Spectra should be photon noise limited for all exposure times > 60 sec. Background subtraction systematics must be negligible compared to photon noise for total exposure times as long as 100 Ksec. Nod and shuffle capability in the detectors may be desirable

	[REQ-1-ORD-3995]
	Wavelength Stability
	Flexure at a level of less than 0.15 arcsec at the detector is required


Description

The concept for the TMT Wide-Field Optical Spectrometer is the Multi-Object Broadband Imaging Echellette (MOBIE) spectrometer. It is currently a collaboration between Caltech and UC Santa Cruz. The principal investigator is Rebecca Bernstein (UCSC), the project manager is Bruce Bigelow (UCSC), and the project scientist is Charles Steidel (Caltech). The MOBIE conceptual design study is underway. MOBIE aims to provide flexibility in terms of resolution and multiplexing, as well as complete wavelength coverage at all resolutions while minimizing mechanical complexity. 
MOBIE is an imaging spectrograph designed to perform multi-object spectroscopy, single object spectroscopy, or direct imaging, of very faint sources throughout the optical waveband (0.31-1.0 μm) using seeing-limited images delivered by TMT. It is designed to have very high throughput (> 30 percent at all wavelengths, from slit to detector) in order to preserve the aperture advantage of TMT relative to current-generation multi-object spectrographs on 8m-class telescopes. MOBIE will be equipped with two guider/wavefront sensing cameras placed just outside the instrument field of view, as well as a deployable slit-viewing camera to be used for single-object observations or as an additional option for guiding/wavefront sensing. It is envisioned that one of these cameras will be used for guiding, and another for maintaining telescope focus using low-order wavefront sensing signals, and will communicate with the telescope control system and the secondary mirror control system, respectively. 
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	Figure 2: Optical layout of MOBIE for the R = 2500 and/or 5000 spectroscopic mode


MOBIE will include an atmospheric dispersion corrector (ADC) that adjusts automatically to account for zenith distance of the telescope pointing to ensure that the positions of targets are achromatic over the 0.31-1.0μm wavelength range. The instrument will include a closed-loop flexure compensation system that removes any instrument-rotator-dependent flexure at the required level to maintain image quality and the effectiveness of calibrations. 
The MOBIE optical design makes use of a field centered at a position 5.4 arcmin from the telescope optical axis in order to allow for the use of a reflective paraboloidal (achromatic) collimator that functions over the whole design wavelength of the instrument. The 300mm collimated beam is then separated into blue (0.31-0.55 μm) and red (0.55- 1.0 μm) channels using a dichroic beam-splitter, forming two separate beams optimized over these wavelength ranges, with separate dispersers, filters, cameras, and detectors. An illustration of one possible MOBIE optical layout is given in Figure 2. MOBIE will provide a highly versatile range of spectral resolution and multiplexing capability through the use of conventional ruled reflection gratings on each wavelength channel of the instrument. In the lowest-dispersion mode (R=1000) the necessary wavelength coverage is obtained with a single spectral order for each wavelength channel, so that simultaneous spectroscopic observation of ∼ 100 targets within the MOBIE field of view will be possible with complete wavelength coverage. In higher resolution modes, a different reflection grating, together with a cross-dispersing prism, is used to obtain complete wavelength coverage on each spectral channel in a single exposure of 20 − 40 objects in an “echellette” format (ECH), where the number of targets which can be observed simultaneously depends on the number of spectral orders needed. At a given spectral resolution, smaller wavelength coverage and greater multiplexing is accommodated through the use of order-sorting filters in the beam of each spectral channel, to select one or more orders of interest. If only a single spectral order is needed on each channel (i.e., no cross-dispersion is needed), then slits of arbitrary length up to the full field length of 9.6 arcmin may be used. Thus, the astronomer can select whatever combination of spectral coverage and multiplexing is required by the science, at a given spectral resolution. 
MOBIE will incorporate a robust structure to support the various components of the instrument and minimize instrument flexure (Figure 3). In addition, it will incorporate an enclosure to protect its components and provide a light tight environment for the optical elements. The basic design of the support structure and enclosure will also offer ready access to all configurable portions of the instrument, such as the ADC, slit masks, dichroics, filters, gratings, and detectors to facilitate set-up and maintenance. MOBIE is being designed so as not to preclude additional functionality such as an integral field unit, a tunable filter for narrow-band imaging, and an interface to a possible future Ground-Layer Adaptive Optics system for improving the images delivered to the instrument, and thus allowing for higher-sensitivity observations.
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	Figure 3: Schematic view of WFOS-MOBIE


MOBIE has three modes of operation: direct imaging, single-object spectroscopy and multi-object spectroscopy. To achieve the maximum observing efficiency and maintain the TMT aperture advantage over current telescopes, it must be possible to switch between modes with minimal overhead, < 30 seconds for changing the disperser to a mirror (for imaging), or to change reflection grating and (if in ECH mode) cross-dispersing prism.
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