Near-InfraRed Echelle Spectrometer (NIRES)

Science Objectives

· Gamma-ray burst spectroscopy

· Intergalactic medium beyond z > 7

· Chemical evolution in Local Group galaxies and beyond

· Structural gaps and gas dissipation timescales in protoplanetary disks

· Terrestrial planets around low mass stars and brown dwarfs

· Chemical composition of comets
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	Figure 2: The weather on brown dwarfs with NIRES. (Upper row) Simulated H-band images of weather patterns in an L dwarf with a dusty atmosphere having Teff = 1900K and clear patches with Teff = 2100K. Models supplied by P. Hauschild (priv. comm.) show that average absorption-line strengths of all species are enhanced by a factor of ~4 in the clear patches, which covers 3.5% of the stellar surface and yield a 0.015-mag photometric modulation at H. (Lower row) The resulting rotationally broadened profiles generated by the St. Andrews Doppler tomography code have v sin i = 60 km/s and S/N = 1000. They show clearly that the rotation profiles are strongly distorted by the clear patches in the cloud deck, but the equivalent width remains roughly constant. (Middle row) The image reconstructed from the synthetic data recovers the locations and sizes of the clear patches reliably in the hemisphere facing the observer.


Top-level Observatory Requirements

	NIRES-B

	Requirement ID
	Description
	Requirement

	[REQ-1-ORD-4650]
	Wavelength range
	1 – 2.5 µm

	[REQ-1-ORD-4655]
	Image Quality
	Aberrations uncorrectable by an order 60x60 AO system should not add wavefront errors larger than 30 nm RMS

	[REQ-1-ORD-4660]
	Length of slit
	Up to 2 arcsec, and/or IFU

	[REQ-1-ORD-4665]
	Field of View of acquisition camera
	10 arcsec, Nyquist sampled at 0.004 arcsec

	[REQ-1-ORD-4670]
	Spatial Sampling
	Nyquist sampled ((/2D) (0.004 arcsec)

	[REQ-1-ORD-4675]
	Spectral Resolution
	20,000 ( R ( 100,000

	[REQ-1-ORD-4680]
	High Throughput
	High priority

	[REQ-1-ORD-4685]
	Stability
	Stability sufficient to enable, e.g., Doppler searchers for planets

	[REQ-1-ORD-4690]
	Instrument background
	The instrument shall not increase the background by more than 5% (TBC) over the sum of inter-OH sky, telescope and NFIRAOS background.

	[REQ-1-ORD-4695]
	Detector
	Detector dark current and read noise should not increase the effective background by more than 5% for an integration time of 2000s


	NIRES-R

	Requirement ID
	Description
	Requirement

	[REQ-1-ORD-4950]
	Wavelength range
	2.9 – 5.0 µm

	[REQ-1-ORD-4955]
	Image Quality
	Spectrometer shall deliver diffraction limited images to the detector, as delivered by the AO system

	[REQ-1-ORD-4960]
	Length of slit
	Up to 2 arcsec, and/or IFU

	[REQ-1-ORD-4965]
	Field of View of acquisition camera
	10 arcsec, Nyquist sampled

	[REQ-1-ORD-4970]
	Spatial Sampling
	Nyquist sampled ((/2D) (0.004 arcsec)

	[REQ-1-ORD-4975]
	Spectral Resolution
	20,000 ( R ( 100,000

	[REQ-1-ORD-4980]
	Throughput
	TBD (High throughput required)

	[REQ-1-ORD-4985]
	Stability
	Stability sufficient to enable, e.g., Doppler searchers for planets

	[REQ-1-ORD-4990]
	Instrument background
	The instrument shall not increase the background by more than 5% (TBC) over the sum of inter-OH sky, telescope and MIRAO background.

	[REQ-1-ORD-4995]
	Detector
	Detector dark current and read noise should not increase the effective background by more than 5% for an integration time of 2000s


Description

Many members of the MIRAO/MIRES team were also involved in a feasibility “mini-study” for NIRES in 2005-2006. The basic concept for NIRES is for a simple, diffraction-limited echelle spectrograph (20,000 < R < 100,000) fed by NFIRAOS and capable of observing in the 1-2.4(m and 3.5-5(m windows. One of the conclusions from this mini-study was that NIRES should in fact be split into two simpler instruments: “NIRES-B” fed by NFIRAOS and “NIRES-R” fed by MIRAO.
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	Figure 2: Schematic layout of NIRES-B


NIRES-B is is a white pupil spectrograph. This is optimum for optical stability and minimises the size of the dispersive elements and camera, and the illumination of the echelle is nearly ideal for efficiency and spectral format. The beam size required for an R2 echelle ((B =63.4 () at R=50,000 matched to the 0.02( slit width, is 36 mm in diameter. At the f/15 Nasmyth focus of TMT this results in a collimator focal length of 540 mm. For a minimum acceptable sampling of 2.5 pixels per resolution element (i.e. slit width), the focal length of the camera is 600 mm. Consequently, the spectrograph is relatively compact. It is worth noting that the beam size of this design is substantially smaller than that of Gemini instruments such as GNIRS (~95 mm) or Phoenix (~200 mm).

The design uses a fixed conventional R2 echelle with 25 lines/mm. Switching between the two modes is done by changing the cross-dispersing grating from 110 lines/mm (HK) to 140 lines/mm (YJH). A raytrace is needed to confirm there is no side-lobe contamination. Due to mosaic construction of the focal plane, gaps of about 2 mm (100 pixels) exist between individual detectors. The horizontal gap can be positioned in a telluric region or moved to avoid important features. To avoid the vertical gap requires two side-by-side slits and a “decker” mechanism. Oversizing the optical elements slightly to avoid vignetting and allow for diffraction, the size of the echelle is at about 45x90 mm and the cross-dispersers 45 mm in diameter. The focal length of the collimator is 540 mm, and the focal length of the camera is 600 mm (18 (m pixels) or 300 mm (9 (m pixels). The optical design should be straightforward since the beam speeds are slow (~f/16 for the camera with 18 (m pixels or ~f/8 for a camera with 9 (m pixels). 

The only mechanisms required in the spectrograph are a mechanism to change the cross-dispersers and a slit decker to change the slit and slit length.  In the interests of maintaining the optical stability required for precision RV spectroscopy it is best if the YJH cross disperser is fixed and the HK cross-disperser is moved in front of it to change mode. Similarly, a slit decker is preferred to a slit wheel to change slit location and slit length. NIRES-B can therefore be made simple and compact compared to other TMT instruments and even other 8 m class NIR spectrographs.

As is the case for NIRES-B, the NIRES-R spectrograph is a white pupil spectrograph. The beam size required for an R2 echelle ((B =63.4 () at R=100,000 matched to the 0.04( slit width, is 145 mm in diameter. At the f/15 Nasmyth focus of TMT this results in a collimator focal length of 2182 mm. For an R4 echelle ((B =76. 0() the beam size is 73 mm. The design uses a fixed R4 echelle with 5.7 lines/mm and an 86 line/mm cross-disperser. The cross-disperser is tilted to change modes. Oversizing the optical elements slightly to avoid vignetting and allow for diffraction, the size of the echelle is about 90x360 mm and the cross dispersers about 90 mm in diameter. The focal length of the collimator is 1065 mm, and the focal length of the camera is 630 mm (18 (m pixels) or 315 mm (9 (m pixels). NIRES-R will be roughly the size of typical Gemini instruments.

