InfraRed Multi-Object Spectrometer (IRMOS)

Science Objectives

· Detection of metal-free star formation in First Light Objects
· Mapping the topology of re-ionization
· Spatially-resolved velocity, star formation, extinction and metallicity maps of galaxies up to z = 5.5 
· Extragalactic supermassive black holes
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	Figure 1: (Top) Actual SFR, velocity, extinction and metallicity maps for a Lyman Break Galaxy at z~0. (Middle) Maps for the same Lyman Break Galaxy at z=2.5  (Bottom) Maps for the same Lyman Break Galaxy at z = 5.5 using a 0’’.05 x 0’’.025 (~0.045 kpc2) resolution element (two left panels) and a 0’’.05 x 0’’.075 (~0.135 kpc2) resolution element (two right panels). (Taken from University of Florida/HIA IRMOS Feasibility Study report)


Top-level Observatory Requirements

	Requirement ID
	Description
	Requirement

	[REQ-1-ORD-4255]
	Wavelength range
	0.8 – 2.5 µm

	[REQ-1-ORD-4260]
	Field of View
	IFUs deployable over a 5’ diameter field

	[REQ-1-ORD-4265]
	Number of IFUs
	The system shall provide at least 10 IFU heads

	[REQ-1-ORD-4270]
	IFU Field of View
	The IFU heads shall have a field of view of 2’’

	[REQ-1-ORD-4275]
	IFU Patrol Area
	The IFU heads shall have a patrol area with a diameter of 5’.

	[REQ-1-ORD-4280]
	IFU Separation
	The minimum IFU head separation shall be 20’’ (goal is as small as possible)

	[REQ-1-ORD-4285]
	Spectral Resolution
	In IFU mode, IRMOS shall deliver spectral resolution of R=2000-10000 over entire J, H, K bands, one band at a time

	[REQ-1-ORD-4288]
	Throughput
	Throughput shall exceed 50%

	[REQ-1-ORD-4295]
	Instrument background
	The instrument and AO system shall not increase the inter-OH optical background by more than 15% over sky and telescope backgrounds.

	[REQ-1-ORD-4300]
	Detector 
	The electronic background (detector dark current and read noise) shall not increase the effective background by more than 5% for an integration time of 2000s

	[REQ-1-ORD-4305]
	Spatial Sampling
	IRMOS shall sample at 50 mas per IFU element

	[REQ-1-ORD-4310]
	Image jitter
	Maximum allowable image jitter delivered from the MOAO system to the IRMOS IFUs shall be a maximum of 15 mas RMS

	[REQ-1-ORD-4315]
	Image Quality
	The MOAO system shall be capable of improving the image quality of at least 10 2- to 5-arcsecond sized regions distributed within the IRMOS field

	[REQ-1-ORD-4318]
	MOAO Corrected Area Separation
	The minimum separation of the MOAO corrected regions shall be 20 arcseconds

	[REQ-1-ORD-4320]
	Enclosed Energy
	The MOAO system shall deliver 50% enclosed energy onto a 0.05 arcsec square pixel, in each of the corrected regions, at a wavelength of 1 µm, under the reference atmospheric conditions, when bright natural guidestars (magnitude TBD) are present for tip-tilt sensing


Description

The TMT science requirements for the Infrared Multi-Object Spectrometer (IRMOS) call for a near-diffraction-limited, IFU-based spectrometer operating over the wavelength range 0.8-2.5 (m at spectral resolutions of R ~ 2000-10000. It should include multiple IFUs that can be deployed anywhere within a 5( patrol field. Two teams were awarded feasibility contracts in 2005 to respond to this challenge. One team (“IRMOS-UF”) led by Steve Eikenberry was a joint effort between the University of Florida – Gainesville and the Herzberg Institute of Astrophysics in Victoria. The other team (“IRMOS-CIT”) was led by Richard Ellis at Caltech with collaborators at the Laboratoire d’Astrophysique de Marseille. 

Both IRMOS concepts (Figure 2) rely on the implementation of Multi-Object AO (MOAO). Rather than trying to provide high-order AO corrections over the entire 5( field, MOAO seeks to provide these corrections only over much smaller fields of view (a few arcseconds) along the IFU lines-of-sight. This is achieved by incorporating a sophisticated AO system into the feed for each IFU. Two key technologies are required for MOAO: high stroke MEMS deformable mirrors and on-sky, open-loop control.  On a 30-m telescope, an atmosphere under modest seeing conditions (r0 = 16 cm) would demand a DM surface stroke range of about 10 microns. Present technology MEMS DMs have strokes of only 1-2 microns. This technological hurdle can be overcome by adopting a two-DM “woofer-tweeter” scheme for MOAO corrections. The woofer DM takes care of the low-order, high-stroke corrections while the tweeter DM takes care of the residual high-order corrections. As mentioned above, on-sky, open-loop control is the other MOAO technology requiring a proof-of-concept. NGS and LGS wavefront sensor signals will be read by the TMT AO Real-Time Controller to construct a tomographic model of the atmosphere above the Observatory. The RTC will then compute line integrals through this model towards the IFU positions in the patrol field to compute the proper wavefront correction for each target and generate commands for the woofer-tweeter pairs. Given that the WFS are not part of the feedback loop, they must constantly measure the whole wavefront error instead of deviations from a relatively flat wavefront as in traditional closed loop AO systems.  
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	Figure 2: IRMOS feasibility concepts from Caltech (left) and University of Florida (right)


The IRMOS-CIT concept consists of three main subsystems: an Offner relay, a focal plane tiled with steering mirrors for object selection and a set of four cryostats housing the spectrographs. The Offner relay serves many functions: (1) it relays light from the TMT Nasmyth focus onto the tiled focal surface, (2) it relays light from the LGS asterism into their respective LGS wavefront sensors, (3) it forms a telescope pupil image onto the woofer DM used for low-order, high-stroke AO correction common to all locations in the patrol field, and (4) it monitors the shape of this woofer DM to calculate the open-loop corrections that are sent to the MEMS-DM tweeters. The Nasmyth beam is directed into the vertically-oriented Offner by a fold mirror. The Offner itself contains three spherical reflecting surfaces (M5, M6, M7). M6 is the woofer DM. M5 and M7 are combined in a single spherical mirror located at the top of the Offner. A focal plane tile of articulated mirrors provides a flexible and elegant way to select targets for IFU spectroscopy. Each flat mirror can be adjusted in three axes (tip/tilt/piston) to direct the light onto one of the 16 steering mirrors that feed 16 individual d-IFU spectrographs.  The steering mirrors can be tip/tilt adjusted to select a 1((.5 region anywhere within the FOV of their respective tiles. The mirror orientations in the object selection mechanism can be re-configured “on-the-fly” during long exposures to acquire new subsets of targets without loss of observing time. The 16 d-IFU spectrographs (each including its own collimator, grating, camera and 1k ( 1k HgCdTe detector) are housed in four different cryostats. 

IRMOS-UF has two basic subsystems: a MOAO system for adaptive corrections and a science backend for target selection and integral field spectroscopy. These systems reside in two separate vacuum spaces held at two different operating temperatures. The “meatlocker” (~230K) includes the pickoff optics and detectors for the LGS and NGS wavefront sensors, the pickoff optics for the science fields and the deformable mirrors for MOAO corrections. The “deep freeze” (~80K) contains the final re-imaging optics for the MOS pickoffs, the integral field units and the spectrograph optics, mechanisms and detectors. The TMT Nasmyth beam first encounters a large dichroic (1.4m ( 1.0m ( 0.2m) that sends light blueward of 600 nm to the LGS WFS subsystem and the light redward of 800 nm to the meatlocker. The first subsystems in the meatlocker are the NGS wavefront sensors. There are six sensors to acquire the science field, measure the plate scale delivered by the telescope and measure defocus caused by variations in the mesospheric sodium layer. The NGS WFS are followed by the MOS probe mechanism, This mechanism uses 20 independently-controlled/actuated MOS pick-off probe arms. Each arm relays light from a 2(( diameter field to its corresponding IFU. The MOAO woofer-tweeter pair in each arm will consist of a 31-actuator CILAS bimorph mirror and of a 60x60 actuator MEMS DM. Each MOS arm will feed its own spectrograph in the “deep freeze”. Each spectrograph will be individually configurable (e.g., to record the same rest-frame spectral range for a sample of objects at different redshifts) and serviceable. Like the Caltech concept, arms can be reconfigured “on-the-fly”. IRMOS-UF will be vertically mounted on a large azimuthal bearing to provide a fixed gravity vector during field de-rotation. 
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