1. MODRES option for the TMT MTHR HROS concept

1.1 Introduction

The possibility of adding a fiber feed to the Santa Cruz HROS design (MTHR) that would provide multi-object spectroscopic capability over the full delivered field (~15() was proposed in the original study for this instrument in 2002. The concept is for a fiber positioner (not designed as part of the MTHR effort) to be placed in the TMT focal surface with the fibers feeding a collimator then using the MTHR cross-dispersing elements, camera and detectors. The number of fibers is set by the MTHR detector area in the MTHR camera focal plane. The idea would be to replace some or all of the WFOS capability with this add-on to MTHR. The limitation with respect to any of the WFOS designs under consideration would be light loss for a fiber system compared to a focal-plane slit mask design and possibly less effective sky subtraction with the fiber system.

1.2 Overview of parameters

The telescope focal-plane scale is such that each “fiber” will be a 7-fiber, 1(( hexpack image slicer. This assumes 210µm fibers (including cladding and buffer) each 0.33(( in diameter on the sky. There is a total slit length of 314((. Assuming 285µm center-to-center spacing ~100 hexpack slicers (objects) are available per MTHR arm. This gives ~6( slit length per object. With the nominal MTHR cross-disperser grating, the spectral resolution for 1(( fiber bundles would be R=2300.  Table 1 shows the resolving power for 3(2 mosaics of stock RGL gratings (as described in the MTHR report).

	R=((((
	Lines/mm
	Central ( (nm)
	( range (nm)

	2250
	250
	660
	340

	2300
	400
	470
	210

	5400
	600
	620
	140

	3450
	600
	620
	140

	11380
	632 (2nd order)
	600
	67.2

	10900
	632 (3rd order)
	400
	44.3

	5700
	632
	800
	134.5


The TMT focal plane is curved and either the fibers must be precisely placed to accommodate this or a large field flattener/corrector will have to be built. An additional complication is atmospheric dispersion compensation. The fiber positioner and associated atmospheric dispersion compensator and possible field flattener/corrector designs have not been pursued as a part of any of the TMT studies to date.

1.3 MODRES analogies

There are a number of fiber-fed systems in use today. Probably the most comparable to what a MODRES might look like is FLAMES/GIRAFFE with the Oz-Poz fiber positioner. This system allows robotic placement of 132 fibers over  a 25( diameter field. The wavelength range is 370—950nm and spectral resolution range is R=5600—46000. Minimum object separation is 10.5(. This system uses a field corrector to flatten the telescope focal plane. Throughput from fiber button through detector at R=10000 ranges from 3% at 385nm to ~9% at 650nm. This is between a factor of 2 and 3 less than the comparable slit spectrometer at the VLT (FORS1).
1.4 MODRES wavelength range, spectral resolution(s), wavelength coverage per setup, field of view, multiplex capability, spatial sampling

	Parameter
	MODRES
	WFOS

	Wavelength range
	370—1050nm
	320—1050nm

	Spectral resolution
	2200—11380
	300—4000

	Wavelength coverage per setup (single arm)
	44.3—340nm
	??

	Field of view
	15(
	4(

	Multiplex factor
	~100
	~100

	Spatial sampling
	
	


1.5 MODRES Mapping into the TMT WFOS science case

	Epoch of Galaxy Formation: Peak of SF  1<z<3
	multiplex advantage:
	Throughput advantage:

	Spectroscopy of faint single sources (extended and point). Transient sources are one example
	
	Throughout advantage:

Wavelength coverage per set up advantage

	Spectroscopy of faint sources in the local Universe (point)
	multiplex advantage:
	

	IGM for many sightlines to z~7
	multiplex advantage:
	

	
	
	

	
	
	

	
	
	


1.6 MODRES Science case beyond WFOS and the MODRES “niche” in the WFOS science case.

MODRES would have the possibility of multi-object spectroscopy at R>5000 which has application in the fields of stellar abundance determinations, kinematic studies of low-mass galaxies, and abundance, kinematics and physical conditions studies of the IGM. For many of these areas, the multiplex capability could be used to advantage. Table 3 gives surface densities for targets with V<23 for objects relevant to the science cases above.

	Science case 
	Target density (sq. arcmin)-1

	M31 stellar populations
	190 

	Globular Clusters/PN in the halos of nearby galaxies
	1—90

	IGM Tomography (QSOs and UV-bright galaxies
	2—3

	Low-mass field galaxies
	

	
	


Let’s assume equally good sky subtraction for MODRES and WFOS observations, a factor of 2.5 higher throughput for WFOS, and the same spectral resolution. WFOS wins by a factor of 2.5 in speed up to target densities of ~(WFOS slitlet count/16 sq arcmin). At a target density 2.5 times smaller than this, MODRES and WFOS are comparable in efficiency and MODRES is ~4( more efficient for it’s “sweet spot” in target density where all the fibers can be used and the total field is 150/16 larger than that of WFOS. As the target density decreases further, the MODRES advantage slow diminishes to unity when only 2.5 objects can be observed per MODRES setup.

