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ABSTRACT   

The Robert Stobie Spectrograph Near Infrared Arm (RSS-NIR) is a new instrument on the 11-meter Southern African 
Large Telescope (SALT), scheduled to begin commissioning in 2012. This versatile instrument will add capabilities that 
are unique to large telescopes.  The main instrument modes include NIR imaging, medium resolution long slit 
spectroscopy over an 8 arcminute field of view (FOV), multi-object spectroscopy with custom slit masks over an 8x8 
arcminute FOV, Fabry-Perot narrowband imaging over an 8 arcminute diameter FOV, and polarimetry and  
spectropolarimetry over a 4x8 arcminute FOV. Limiting magnitude predictions are 21.1 and 20.1 for J and H band for 
S/N = 10  per spectral resolution element in 1 hour for 1 arcsec2at an R=7000. All instrument modes can be operated 
simultaneously with the RSS visible arm, providing spectral coverage from 0.32-1.7 microns.  We list the science drivers 
and describe the way in which they have guided the design for this instrument.  We also present a more detailed 
description of some several planned science programs that will take advantage of the unique capabilities of RSS-VIS-
NIR and the queue-scheduled SALT telescope.  Lastly we give a brief description of predicted instrumental 
performance, along with a comparison to several other NIR instruments at other observatories. 
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1. INTRODUCTION  
From the beginning, the visible Robert Stobie Spectrograph (RSS-VIS)1 on the Southern African Large Telescope 
(SALT)2 has envisioned an additional near infrared (NIR) arm. This extension of the instrument, RSS-NIR,3 will be the 
first NIR instrument on SALT, expanding the capabilities of the telescope into an entirely new regime. With the 
exception of X-shooter on the VLT, the combined RSS will be unique among instrumentation for 8-10 meter class 
telescopes in its ability to simultaneously record data in the UV-visible and NIR and it will be the only instrument to do 
so over a multi-object field of view.  The RSS-NIR upgrade will include a number of operational modes over the λ = 0.9 
to 1.7 µm wavelength range: imaging, very high throughput low to medium resolution spectroscopy, and narrowband 
Fabry-Perot imaging. In addition, polarimetry can be added to any of these modes. Polarimetric modes are limited to a 
field of view of 4 x 8 arcmin, while all other modes utilize the full 8 arcmin diameter field. The design incorporates an 
articulated camera, and volume phase holographic (VPH) gratings. A single etalon Fabry-Perot system is being designed 
as an upgrade path: While currently unfunded it is expected that instrument will be delivered with this capability. An 
instrument layout is shown in Figure 1. This instrument leverages the considerable effort and expense undertaken for the 
visible system, while preserving all of the visible capability. The design philosophy for RSS-NIR was to duplicate the 
capabilities of the visible side where possible, with any necessary adaptations for operation in the NIR.   

The operational modes of RSS-NIR fall into 5 major categories: 1) imaging, 2) long slit spectroscopy, 3) multi-object 
spectroscopy, 4) Fabry-Perot tunable narrow band imaging, and 5) polarimetry, either imaging or spectroscopic. Each of 
these modes uses a variety of mechanisms in the instrument that control insertion of: 1) the focal plane long slits and 
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multi-object masks; 2) the dispersive elements, consisting of either gratings or the Fabry-Perot etalon; 3) the polarizing 
optics, two waveplates and a polarizing beamsplitter, and 4) filters consisting of broadband and narrowband filters in the 
pre-dewar (-40 oC) and long wavelength cutoff filters in the cryogenic dewar (120 K). Permutations of these mechanisms 
combine to give RSS-NIR the versatility to address a broad range of astrophysical research programs to be observed on 
the queue-scheduled SALT telescope.  

 
Figure 1.  RSS instrument layout. The common components between the visible and NIR arms reside in an 
ambient temperature zone and include the slit, insertable waveplates for polarimetric observations, the collimator, 
and the dichroic beamsplitter. The visible beam is reflected by the dichroic and the components of that arm are 
shown as in gray on the right. The NIR beam is transmitted through the dichroic to its final doublet element of the 
collimator. The NIR doublet serves as the window into a pre-dewar enclosure that operates at -40 oC and is purged 
with slightly overpressure dry air. Components within the pre-dewar include a fold mirror, order sorting filters for 
Fabry-Perot mode, the Fabry-Perot etalon, the spectroscopic gratings, the polarizing beamsplitter, the first 5 
camera optics, and mounts and insertion actuators for all of these components. A cryogenic vacuum dewar is 
enclosed within the pre-dewar. It houses the HAWAII-2RG detector with SIDECAR ASIC electronics, long 
wavelength blocking filters, and the last 2 camera optics, one of which serves as its entrance window. Both 
instruments sit on the existing space frame at the prime focus of SALT that was constructed with RSS-VIS. 

RSS-NIR is in the final design phase, with its critical design review scheduled for October 2010, and instrument delivery 
to occur in late 2012. 

To set the science case for RSS-NIR we list the specific interests of scientists within the SALT consortium in Section 2 
and follow with a more detailed description of some selected planned science programs in Section 3 that will take 
advantage of the unique capabilities of RSS-VIS-NIR and the queue-scheduled SALT telescope. In Section 4 we discuss 
the detailed instrument specification as effected by the science drivers along with a brief description of predicted 
instrumental performance, and lastly in Section 5 we give a comparison of several other NIR instruments at other 
observatories. 

2. SCIENCE INTERESTS OF THE SALT CONSORTIUM 

Highest Redshift Forming Galaxies (z > 7) 

• Very high redshift Ly-α emitters (Barger, Bershady, UW) 

High Redshift (2.5 < z < 5.5) 
• QSO absorption line studies of interacting galaxies and the IGM (Narayanan, Savage, UW) 



 

 

 
 

Moderate Redshift Galaxies (z ~ 0.5-2) 
• Redshifted galaxies, AGN, QSO hosts – stars and gas (Sheinis & Wolf, UW) 
• Very faint high-z galaxies (Gawiser, Rutgers) 
• Faint galaxies at z > 0.5 (Menanteau, Rutgers) 
• High z galaxy kinematics (Kannappan, UNC) 
• Faint z > 1 galaxies (Aragon-Salamanca, Nottingham – UK) 
• Low/high redshift galaxies, AGN (Kollatschny for exgal group, Gottingen) 
• Feedback in galaxies from AGN or star formation, galaxy evolution (Tremonti, UW) 
• Star forming galaxies:  SFRs, nebular abundances (Bershady, UW) 
• Star-forming galaxies, HII regions, planetary nebulae, mergers (Kniazev, SAAO) 
• Galaxies in clusters, starbursting galaxies (Crawford, SAAO) 
• Faint galaxies in clusters (Hughes, Rutgers) 

Nearby Galaxies (z < 0.5) 
• Quasars and host galaxies – stars and gas (Sheinis & Wolf, UW) 
• Nearby galaxies and their components (Sparke, UW; Bershady, UW) 
• M82 (Gallagher, UW)  
• Stellar populations in LMC and  SMC (Gallagher, UW) 
• E+A galaxies as a phase in galaxy evolution:  obscured AGN, star formation (Wolf, Hooper, UW) 
• Strongly star-forming galaxies, interacting galaxies, AGN (Vaisanen, SAAO) 
• Low/high redshift galaxies, AGN (Kollatschny for exgal group, Gottingen) 
• Galaxy clusters out to z~0.6 (Vaisanen, SAAO) 
• NIR diagnostics of AGN (Hooper, UW; Wills, HET-UT Austin) 

The Milky Way 
Star formation 

• Ioninzed gas and shocks in nearby star forming regions (Churchwell, UW) 
• Low end of the stellar initial mass function, IMF (Churchwell, UW) 
• Star formation emission lines (Gallagher, Bershady, UW) 
Interstellar Medium 

• Nebular fluorescence lines (Nordsieck, UW) 
Stars 

• Emission line stars (Shara, AMNH) 
• Young massive stars (Vink, Armagh Observatory – UK) 
• Circumstellar regions of young massive stars (Nordsieck, UW) 
• Cool stars; dust obscured sources; stellar populations in Fornax and the bulge; AGB stars (Gallagher, UW) 
• LMXRB, (Buckley, SAAO; Kaluzny, CAMK Poland) 
• Binary brown dwarfs (Kaluzny, CAMK Poland) 
• Magnetic CVs (Potter, Buckley, SAAO) 
Supernova 

• Faint, late-time emission of supernovae (all types) & galactic/extragalactic nebula (Fesen, Dartmouth) 
• Features in galactic supernova remnants (Hughes, Rutgers) 

Solar System 
• Asteroids, Kuiper Belt Objects (Gulbis, SAAO) 

Miscellaneous 
• Exoplanet transits (Buckley, SAAO) 
• Gamma ray bursts (Buckley, SAAO) 



 

 

 
 

 

3. SPECIFIC RESEARCH AREAS IN THE NIR 
The NIR regime can be used to probe objects that would not otherwise be accessible in optical wavelengths.  Hidden 
objects embedded in obscuring dust can be studied, new NIR spectral features and diagnostics may be observed and 
defined, and redshifted spectral features that are normally used for galaxy diagnostics in optical bands can be observed in 
much more distant objects.  We outline a few key areas of research below. 

Young stars  (Chruchwell – UW, Vink - Armagh Observatory).  Although star formation rates estimated from light 
integrated over entire galaxies are routinely used as a cosmological diagnostic for galaxy evolution throughout the 
universe, the details of actual star formation are not very well understood.  One problem is that stars form inside 
molecular clouds that are dense and typically have optical extinctions on the order of 10’s of magnitudes.  NIR 
spectrographs can peer though this dust to study details of the young stellar objects and their lingering disks.  In order to 
probe the circumstellar geometry of the most massive young stellar objects, we must use diagnostics at NIR 
wavelengths, as the more massive young stellar objects remain optically obscured throughout their entire pre-main 
sequence lives.  Multi-object capability is important for studying forming and young star clusters still embedded in 
molecular clouds.  The 8 arcmin field of view of RSS is well matched to their sizes in nearby regions of the Milky Way. 

Low mass stars  (Churchwell – UW).  The stellar initial mass function (IMF) is very important for understanding global 
star formation and for properly doing stellar population synthesis of galaxies.  Much of what is currently known about 
star formation is on the high mass end.  The low end of the IMF is virtually unknown because these stars are very faint 
and red.  NIR spectrographs on 10-m class telescopes will be able to characterize the low end of the stellar IMF. 

Brown dwarfs.  Brown dwarfs fall in between stars and planets in mass and atmospheric properties.  Studying their 
formation will help us to understand the bigger picture of the formation of both stars and planets.  One interesting aspect 
is that no brown dwarf companions have been found to low mass stars, while other low mass stars and planets do exist in 
such pairs.  This suggests that there is something we do not understand about the formation of brown dwarf mass 
objects.  Brown dwarfs harbor more complex atmospheres than stars or planets.  Their spectra peak in the NIR and 
contain a number of molecular band and atomic absorption features.  Weather causes variability, so wide simultaneous 
spectral coverage at a resolution of R ≥ 5000 will be important in their study.  Their low intrinsic luminosities necessitate 
instruments on large telescopes. 

Cool stars  (Gallagher – UW).  Red supergiants and red giants are the most luminous stars in, respectively, star forming 
or old passive galaxies.  In highly reddened starburst galaxies, the NIR light from red supergiants is sometimes the only 
direct information available on the stellar populations.  Models for their spectra are thus important, even though they are 
also particularly difficult to construct due to their rich molecular line spectra and extended atmospheres.  However, if the 
models are successful in reproducing empirical spectra, they can be used instead of observed spectral libraries in future 
analyses of galaxies.  At NIR wavelengths (1−2.5 µm), the most prominent molecular features in these stars are those of 
CO and CN, which have sensitivity to surface gravity and effective temperature (Lancon et al. 2007).  Adding to the 
library of observed spectra of these stars will help to improve stellar population synthesis models. 

Multi-component systems.  RSS-NIR will be a powerful instrument for observing phase-resolved systems such as 
compact binaries.  The visible and NIR spectral regions can be used to observe the two different components in the 
system.  Simultaneous observations are necessary because these systems are known to be time-variable.   

Supernova explosion physics  (Nordsieck – UW).  One important aspect of supernovae (SNe) that is not yet well 
understood is their asymmetry, which may impact their observed brightness (in the case of SNe Ia) as well as the 
deposition of kinetic energy and enriched material into their environment. Observational probes of SN asymmetries have 
been challenging: the most effective way of probing the asymmetries in SNe is with spectropolarimetry, and this has 
been pursued only recently with the advent of spectropolarimeters on 10-meter class telescopes. In SNe, a net continuum 
polarization of the integrated light results from an asymmetry of the photosphere, while polarization in the P-Cygni lines 
results from asymmetries in the overlying ejecta. By measuring the variation of line polarization with wavelength, we 
can observe asymmetries as a function of velocity (in SNe, this is equivalent to radius) so that line polarization gives us 
information about chemical and density inhomogeneities within the ejecta, which can then be compared with the results 
of explosion codes. Different lines show different polarization, indicating that the thermonuclear processing of the 
explosion is inhomogeneous. RSS-NIR will be the first instrument capable of SNe spectropolarimetry in the NIR on a 



 

 

 
 

large telescope, bringing in a range of unobserved lines that are important for constraining explosion physics models. 
Especially interesting in SN Ia are the Mg II lines at 1.15 and 1.55 µm. Combining information from these lines with 
those of Si and Ca, simultaneously observed in the visible, will trace elements produced in the full range of the 
thermonuclear explosion chain for the first time. Following each SN regularly throughout its light curve will show how 
this evolves as the envelope becomes optically thin.  SALT’s queue scheduling readily enables such target of 
opportunity and synoptic observations.  A statistical study of a number of SNe will then determine whether SNe can be 
divided into further subclasses based on structure. 

Gamma ray bursts  (Buckley – SAAO).  In gamma ray bursts (GRBs) wide spectral coverage is needed to identify the 
type of object and its redshfit.  Rapid time-evolution of the spectrum and fading generally does not allow the luxury of 
observing sequentially with visible and NIR instruments with long time delays in between.  The queue scheduling and 
target-of-opportunity nature of SALT makes it a good instrument for catching GRBs soon after discovery when they are 
bright before the rapid fading of their afterglows.  Their unpredictable redshift is a strong reason for making the 
wavelength coverage as wide as possible.  Observations into the NIR would allow identification out to redshifts of z ≥10.  
RSS-NIR has the unique capability of also doing NIR spectropolarimetry of these objects with an 11 meter telescope. 

Stellar populations in nearby starburst galaxies  (Gallagher – UW).  Starburst galaxies host large numbers of star 
clusters.  NIR spectroscopy breaks a strong degeneracy between age and extinction in the NIR colors of the red 
supergiant-dominated phase of stellar evolution in these clusters.  The use of extended spectra allows the constraint of 
both the ages and the shape of the extinction law near inhomogeneously dusty massive star clusters.  IR-bright star 
clusters in M82 have been found to be the product of recent episodes of star formation in the galaxy (Gallagher et al. 
2008).  Although NIR derived ages from these spectra sometimes disagree with optically derived ages because they 
sample different populations, they add important elements to the age distribution of massive clusters in dusty starbursts.  
Joint optical and NIR spectroscopic studies will provide strong constraints on the uncertain physics of massive stars on 
which the accuracy of population synthesis models rest.   

Interaction-triggered starbursts  (Gallagher – UW).  There are spectral features in the λ = 1.45 - 1.67 µm NIR 
wavelength region that are indicative of thermal shocks from supernova remnants ([Fe II] at 1.644 µm) and 
recombination processes in young HII regions (Br 12-4 at 1.641 µm, Br 13-4 at 1.611 µm, and Br 14-4 at 1.588 µm).  By 
determining the spatial distributions of these emission lines and using the timescales associated with each process, past 
interaction-induced star formation episodes in nearby galaxies can be deduced (de Grijs et al. 2004).  Adding to this 
information the ages, masses, and spatial distribution of young massive star clusters will tell quite detailed histories of 
past interactions and star formation episodes in nearby galaxies.   

Surveys of galaxies at z > 1  (Gawiser – Rutgers, Bershady, Wolf – UW, Kannappan - UNC).  Spectral features 
typically used to date stellar populations in passively evolving red galaxies are shifted out of the optical band at z > 1.  
Referring to Figure 2, at z =1.5 absorption features used to characterize early-type galaxies, the 4000 Å break, Mg I 
(5183 Å), Hα, Hβ, and Hγ, , will all be shifted into the NIR bandpass.  In galaxies containing dust, the reddening can be 
estimated from the Hα/Hβ Balmer decrement at z ~ 0.5 using simultaneous RSS-vis and RSS-NIR spectra, and at z > 1 
using just RSS-NIR. 

Disentangling age and metallicity in galaxies  (Wolf – UW).  Much progress has been made in estimating the ages of 
galaxies by fitting continually improving stellar population synthesis models to their spectra.  However, even when the 
entire optical spectrum of a galaxy is used the age-metallicity degeneracy is still prevalent in model fits to the data.  This 
is particularly true for low S/N spectra typical of individual galaxies in large surveys, in which line indices for 
determining metallicity are unreliable due to the noisy data.  Often the metallicity has to be assumed to determine an age 
or a number of discrete ages of the stellar populations in a galaxy.  Nevertheless, this is one case where wide spectral 
coverage does help.  It has been shown that extending the galaxy spectrum into the NIR helps to disentangle this 
degeneracy (Wolf 2005).  When age and metallicity are both estimated from fits to optical galaxy spectra with S/N ≤ 10, 
the lowest metallicities included in the model grid are often chosen as the best fit by minimizing χ2, since the low 
metallicity model spectra tend to have smaller absorption lines.  However, when NIR spectra are added to the fit, more 
realistic estimates of metallicity result.  UV-vis-NIR galaxy surveys will provide spectra that should allow reliable 
analyses of individual galaxies in the surveys. 



 

 

 
 

Galaxy evolution  (Wolf, Sheinis, 
Hooper, Tremonti – UW).  Galaxy 
mergers play an important role in the 
growth and evolution of galaxies.  
Many host galaxies of AGN show 
signs of past mergers, suggesting that 
the AGN may be triggered during a 
phase of the merger.  The host galaxies 
of quasars, systems in which the 
supermassive black holes are actively 
feeding, with high masses show 
properties similar to giant elliptical 
galaxies, have obvious signs of past 
interaction with disturbed 
morphologies (Wolf & Sheinis 2008), 
and may be the products of “dry” 
mergers of two massive progenitor 
galaxies.  These objects tend to be 
radio-loud.  The quasar hosts with 
intermediate masses show properties similar to quiescent merger remnant galaxies and ultraluminous IR galaxies 
(ULIRGs), suggesting that they may have formed through gas-rich galaxy mergers that caused a nuclear starburst 
(Dasyra et al. 2007).  These objects tend to be radio-quiet.  E+A galaxies are post-starburst galaxies that contain a 
significant stellar population with an age of approximately 1 Gyr, probably formed during a merger that happened that 
long ago, as often evidenced by morphological signs of past interactions.  Many have been shown to be liners (Yang et 
al. 2006) or contain optically obscured AGN seen as variable radio point sources (Hooper et al. 2007).  The Fabry-Perot 
mode of RSS-NIR will provide the ability to study details of these systems by imaging Hα or [O II] on the visible arm to 
look for spatially distributed star formation, while simultaneously looking for shocks with [Fe II] lines or recombination 
processes in H II regions with Br lines on the NIR arm.  Because the two observations will simultaneously access the 
same field, the spatial maps will automatically be aligned, easing interpretation of past interactions.  Interaction and star 
formation histories of these systems will be much better understood after such observations.   

“First Light” surveys  (Barger, Bershady – UW).  The new frontier in extragalactic astronomy and cosmology lies at z 
> 7, when the universe emerged from a period known as the “cosmic dark age.”  This epoch is marked by the formation 
of the first (Pop III) stars in proto-galactic units, i.e., “First Light.”  The observational approach to finding these objects 
is challenging because the key diagnostic, Lyα, is shifted beyond 1 µm (the end of the optical window) at z > 7.  Adding 
NIR capability enables searches for Lyα emitters up to z~12.  Such searches utilizing a NIR Fabry-Perot system, with 
simultaneous visible Fabry-Perot observations to eliminate interlopers will be very powerful.  This is an important 
science program planned for RSS-NIR by UW researchers  

NIR diagnostics of active galactic nuclei  (Hooper – UW, Wills – UT).  The near-infrared range covered by RSS-NIR 
is home to several permitted emission lines of H and He with fluxes ~ few percent to 10% of that of H-alpha; e.g., Paβ at 
λ = 1.28 µm and He I at λ = 1.08 µm (Glickman, Helfand, & White 2006).  These are accessible by RSS-NIR to modest 
redshifts (z = 0.25 for Paβ, z = 0.48 for He I).  Simultaneous access to Paschen and Balmer lines allows a robust 
determination of extinction to the time variable broad line region (BLR) near the heart of the active galactic nucleus 
(AGN) central engine, since pairs of Paschen and Balmer lines share a common upper principle quantum level, e.g., 
Hγ/Paβ, Hδ/Paγ, etc (Paα is beyond the long-wavelength cutoff of RSS-NIR).  While heavily obscured central engines 
will remain hidden, the light gathering power of SALT will enable application of this technique from low to moderate 
extinctions, such as sight lines that pierce the edges of the AGN dust torus or even occasionally pass through the main 
part of the torus if it is clumpy (Nenkova et al. 2008). 

Several forbidden coronal lines are also present in the part of the spectrum accessible to RSS-NIR, including [S VIII] at 
λ = 0.99 µm, [Fe XIII] at λ = 1.07 µm, [S IX] at λ = 1.25 µm, and [Si X] at λ = 1.43 µm.  While these are typically 
fainter than the prominent near-IR permitted lines, they have been detected in many nearby active galaxies with 3-4-
meter class telescopes (Ramos Almeida, Perez Garcia, & Acosta-Pulido 2009; Portilla, Rodriguez-Ardila, & Tejeiro 
2008), indicating their potential broad utility with an 11-meter telescope.  These coronal lines come from species with 

 
Figure 2.  Redshifted spectral features. 



 

 

 
 

such large ionization potentials (100 to several hundred eV) that they are unambiguous indicators of the presence of 
AGN and sample the hard ionizing spectrum of the central engine.  They may provide an additional means of estimating 
black hole mass that is robust against the presence of a strong starburst (due to the high ionization potentials), as was 
recently found using space-based data for mid-infrared lines from [Ne V] and [O IV] (Dasyra et al. 2008). 

Reverberation mapping of AGN  (Hooper – UW, Wills - UT).  Evidence from broad-band reverberation mapping in 
the optical and NIR suggests that the BLR size is set by the inner edge of the dusty torus, which is itself determined by 
the point at which the dust reaches the sublimation temperature of the most robust grains (Clavel, Wamsteker, & Glass 
1989; Suganuma et al. 2006).  Variations in the J band closely track those in the optical, and the longer wavelength 
bands from H band onward have progressively larger lags with respect to the optical.  This is consistent with the hottest 
dust component, which lies closest to the central engine, contributing to the H band flux.  If this scenario is widely true, 
the dependence of the sublimation radius on luminosity naturally explains the proportionality between BLR radius and 
(AGN bolometric luminosity)1/2 that is routinely employed to estimate black hole masses in active galaxies (Laor 2007).  
While dedicated multiwavelength AGN monitoring campaigns have compiled impressive databases, many of the 
observations are broadband photometry (e.g., the MAGNUM project, Suganuma et al. 2006), and the number of objects 
is small, a fact lamented in light of the variety of multiwavelength variability characteristics seen in AGN (Gaskell 
2008).  The RSS optical + NIR combination provides the opportunity to spectroscopically reverberation map the broad 
lines and the hottest dust component simultaneously, thereby probing the size scale and structure of the BLR/dust torus 
interface.  Extending these observations to new AGN of varying type will determine whether the sublimation radius of 
the dust torus is a common limiting factor for BLR size.  Only the hottest dust will be detectable by RSS-NIR (e.g., a 
2000 K emitter peaks at λ = 1.45 µm), but that is precisely what we need to detect the inner edge of the torus.  SALT's 
large aperture and queue scheduling will enable rapid observations of bright AGN (H ~ 12 - 15 mag, similar to targets in 
Suganuma et al. 2006), which can be observed with the lowest resolution grating, providing the widest contiguous 
spectral coverage, for long-term monitoring of several objects without a very large outlay of observing time.  The 
telescope/instrument combination is also well suited to pushing these techniques to a few fainter AGN, in which case the 
gratings at R ~ 4000 would be used to sample between the sky lines. 

Quasar absorption line studies of high-z galaxies  (Narayanan – UW).  Quasar absorption line spectroscopy in the 
near-IR will be an efficient technique for detecting H I gas and associated metals in the disks and extended gaseous halos 
of high-z galaxies. Since the absorption technique is unbiased by luminosity, the NIR observations would supplement 
the existing high-z photometric and spectroscopic samples that are biased towards the higher end of the galaxy 
luminosity function. Among the various classes of quasar absorbers, the strong Mg II systems are often found within 
close impact parameters (d ≤ 75 kpc) of L > 0.1 L* galaxies (Steidel & Sargent 1992). Numerous spectroscopic 
absorption line surveys in the optical have offered a full census of this absorber population over the redshift interval 0.4 
< z < 2.4. At z > 2.4, the MgII doublet lines are redshifted into the NIR (λ > 0.9 µm). The z > 2.4 regime corresponds to 
the epoch where galaxies seem to have gone through significant morphological and chemical evolution, as revealed by 
the large population of Lyman-break galaxies, sub-mm galaxies (Smail et al. 1997) and galaxies with peculiar 
morphologies or irregular luminosity profiles (Elmegreen et al. 2005). At z ~ 1 Nestor et al. (2007) have detected a 
number of very strong MgII absorbers (rest equivalent width ~ 4 Å) with kinematically broad (Δv ~ 400 km/s) line 
profiles. Follow-up imaging observations from the ground have shown that these absorption systems are mostly 
associated with galaxy pairs that are in the process of interacting and merging, thus contributing to the large velocity 
spreads. Through NIR observations of luminous quasars at z > 3, it will be possible to detect similar absorption systems 
at higher redshifts (z > 2.4) and thus select galaxy pairs and interacting systems. The NIR sample would allow us to also 
observationally constrain the redshift number density evolution of such systems. 

Quasar absorption line studies of the IGM  (Narayanan – UW). Near-IR spectroscopy of z > 5 quasars can be used to 
study the distribution of metals associated with the IGM close to the epoch of reionization. Several groups (Ryan-Weber 
et al. 2006, Becker et al. 2008) have succeeded in detecting CIV doublet absorption lines in the IGM at those early 
epochs through moderate resolution spectroscopy in the NIR using ISSAC/VLT and NIRSPEC/Keck. Such observations 
enabled the estimation of the mass density of metals in the IGM. The apparent lack of evolution in the mass density of 
metals over 1.4 < z < 5.4, corresponding to a significant fraction of the history of the universe, is an unresolved mystery. 
The results are however limited by a small sample size. Detection of metals at higher-z (z ~ 5.5) over a sufficiently large 
number of sight lines (~ 50) would set a constraint on the nature of sources (star-forming galaxies vs. pop III stars) that 
were responsible for the enrichment of IGM with metals at those early epochs and also measure any differential variation 
that might exist in their distribution. 



 

 

 
 

4. OPTIMIZING THE RSS-NIR INSTRUMENT MODES 

Instrument Overview 
From Day One, the optical RSS on SALT has envisioned an additional NIR arm.  This extension of the instrument, RSS-
NIR, will be the first NIR instrument on SALT, expanding the capabilities of the telescope into an entirely new regime.    
The design philosophy for RSS-NIR was to duplicate the capabilities of the visible side where possible, with any 
necessary adaptations for operation in the NIR.  Below we detail the various instrument modes which will facilitate the 
science programs listed above.  Table 1 lists the main RSS-NIR instrument parameters. 

Table 1.  RSS-NIR instrument parameters. 
Optical  
Telescope Aperture 11 meters 
Telescope focal ratio f/4.18 
Collimator Focal Length 302 mm 
Camera Focal Length 220 mm 
Image space F/# 1.4289 
Efl 15718.39 mm 
Plate scale 76.205 µm/arcsec 
Plate scale 4.233 pixels per arcsec (18 µm pixels) 
Image Quality Pixel limited in all modes , 2 pixels =0.5 arcsec 
Field of View 8 arcmin dia (imaging), 8 x 8 arcmin (spectroscopic) 
Spectroscopy  
Wavelength Coverage 0.9 – 1.7 µm, Δλ = 0.8 µm 
Gratings 4 articulated VPHGs, 1 conventional low R grating 
Spectral Resolution 800, 2000-7000  (1arcsec slit) 
Free Spectral Range (FSR) in one grating setting FSR ~ 0.13 µm @ R ~ 2000 

FSR ~ 0.11 µm @ R ~ 4000 
FSR ~ 0.09 µm @ R ~ 7000 
R~800 conventional grating to cover entire range, FSR = 
0.8 µm 

Pixel Scale 0.24 
Field of View 8 x 8 arcmin 
Multiplex laser-cut MOS masks, up to 40 slits per mask 
Throughput 45%, not including telescope 
Detector 2048 x 2048 Teledyne Hawaii-2RG and ASIC, 18 µm 

pixels, long-wavelength cutoff @1.7 µm 
Fabry-Perot Imaging  
Spectral Resolution 2500 
Field of View 8 arcmin dia 
Etalon Finesse 50 
Order Blocking Filters R ~ 50, 12 filters covering discrete atmospheric windows 

in J and H bands 
Spectropolarimetry  
Polarization Measurements linear, circular, all stokes 
Instrument Modes imaging, spectroscopy 
Field of View 4 x 8 arcmin 
Imaging  
Field of View 8 arcmin dia 
Broadband Filters Y, J, H 

The NIR Night Sky 
The NIR night sky is dominated by bright and variable OH emission lines that result in significant complications for 
astronomical observations. Figure 5 shows a night sky spectrum from Maunea Kea in Hawaii.  The locations of J and H 



 

 

 
 

band filters are indicated and the measured sky levels in these bands are marked with symbols for both the Maunea Kea 
and Sutherland sites (values from Taka Nagayama's thesis).  High resolution NIR spectra of the night sky at the SALT 
site in Sutherland do not exist.  Nonetheless, because the broadband measurements at the two sites are similar, we use 
the Maunea Kea spectrum to estimate the sky background for SALT.   

Grating Spectroscopy 
For faint objects at low spectral resolution, unresolved sky emission lines place the limit on the object magnitude that 
can be reached, independent of the telescope size or the instrument used.  However, at higher spectral resolution the 
night sky lines are resolved and spectral features of astronomical objects can be observed down to the sky continuum 
between these lines.  Figure 5 shows an expanded scale sky spectrum smoothed to resolutions of R ~ 7000 (red) and R ~ 
2000 (blue).  At R < 4000 the majority of night sky lines are blended and observations cannot reach the true sky 
continuum between these lines over most of the spectral range.  Our analysis shows that over the RSS-NIR spectral 
range of λ = 0.9 – 1.7 µm, at R=2000, 33% of the spectrum is free of sky emission lines; at R=4000, 47% is free; and at 
R=7000, 54% is free.  Observations of faint objects should be made at R ≥ 4000 to achieve the true sky continuum limit 
within specific atmospheric windows between sky emission lines. 

Fabry-Perot Narrow Band Imaging 
The night sky emission lines similarly affect Fabry-Perot observations.  Only objects with emission lines (intrinsic or 
redshifted) falling within atmospheric windows between sky emission lines can be observed without sky contamination.  
This means that, unlike the visible arm, the RSS-NIR Fabry-Perot will not require enough order blocking filters to cover 
the entire contiguous spectral range.  Two kinds of observations are envisioned for the Fabry-Perot instrument: 1) 
observations of specific lines at z~0 in the ISM, nebulae, and star forming regions; and 2) searches for redshifted 
emission line galaxies. Table 2 lists lines of interest that have been identified by SALT consortium astronomers, as well 
as the types astronomical objects in which they occur. The goal in selecting spectral locations of FP blocking filters is to 
choose the regions that are relatively free of night sky emission lines, but also to include important lines of interest at 
z=0, even if they lie close to a night sky line. 

 
Figure 3.  A spectrum of the NIR night sky 
from Maunea Kea, from the Gemini 
Observatory website.  Observing conditions 
were airmass = 1.5 and H2O = 1.6 mm with 
spectral resolution of Δλ = 0.04 nm (R ~ 
33750).  The spectral locations of J and H band 
filter traces are shown for reference.  Broadband 
sky levels in these bands for both the Maunea 
Kea and Sutherland sites are marked by 
symbols.   

 

 
Figure 4 Preliminary locations of FP order blocking 
filters.  See text for description. 



 

 

 
 

Table 2. Lines of interest and the types of objects in which they occur. 
Wavelength (µm) Element Location  Wavelength (µm) Element Location 

0.9069 [S III] SF  1.26 [Fe II] ISM, SN 
0.91882 H-a, z=0.4 z search  1.28 Pa-b ISM, SF 
0.93175 [O II], z=1.5 z search  1.3126 H-a, z=1 z search 
0.9532 [S III] SF  1.3376 Ly-a, z=10 z search 
0.9722 H-b, z=1 z search  1.43 [Si X] nebula, AGN 
0.9728 Ly-a, z=7 z search  1.4583 H-b, z=2 z search 
0.9827 [C I] nebula  1.4908 [O II], z=3 z search 
0.9853 [C I] nebula  1.5 Mg I nebula 

0.99 [S VIII] AGN  1.5021 [O III], z=2 z search 
1.0014 [O III], z=1 z search  1.5808 Ly-a, z=12 z search 
1.0287 [S II] SF  1.588 Br 14-4 H II regions 
1.0321 [S II] ISM, SF  1.611 Br 13-4 H II regions 
1.0395 [N I] SF  1.63 CO(6,3) supergiants 
1.0401 [N I] SF  1.64075 H-a, z=1.5 z search 

1.07 [Fe XIII] AGN  1.641 Br 12-4 H II regions 
1.08 He I ISM, nebula  1.644 [Fe II] ISM, SN 

1.1181 [O II], z=2 z search  1.65231 [O III], z=2.3 z search 
1.12 O I nebula  1.65274 H-b, z=2.4 z search 
1.25 [S IX] AGN  1.68 Br 11 H II regions 

One of the strongest science drivers for this operational mode from UW astronomers requires a spectral resolution of R ~ 
2500.  For an etalon Finesse of 50, this leads to order blocking filters with R ~ 50, or an average spectral width of 0.027 
µm. Figure 4 shows a plot of the NIR night sky spectrum with preliminary locations of a set of 12 FP order blocking 
filters (12 is the number of filters available in the instrument at one time, though they are exchangeable).  The black 
spectrum is the night sky from Maunea Kea that has been used throughout all our analyses.  The cyan line near the 
bottom marks a factor of 2 above the sky continuum.  Any spectral regions with a width of 5 etalon linewidths (so that 5 
etalon settings could occur) that contain no sky lines above the cyan line are marked by small red dashes.  (The y-axis 
level of these dashes are offset with wavelength for clarity to see individual marks.)  These are line-free regions of the 

 
Figure 5.  Night sky spectrum at different spectral resolutions.  
Underlying black is the original Maunea Kea spectrum at R ~ 33750, 
red is smoothed to R ~ 7000, and blue is R ~ 2000.   



 

 

 
 

spectrum.  The blue spectrum near the top is the atmospheric transmission, which has to be considered as well when 
selecting observing windows.  The vertical green lines mark the locations of the spectral lines in Table 2.  The thick 
horizontal magenta lines mark possible filter locations.  Because the free spectral range of the etalon changes with 
wavelength, so do the widths of the filters.  This is only a preliminary set of filters to demonstrate our selection process, 
as more analysis of the effects of the large wings on the etalon transmission lineshape is forthcoming.  

Spectropolarimetry 
Unlike spectroscopy, many spectropolarimetric programs will favor a lower dispersion, with higher spectral coverage. 
There are two reasons, one that many programs want very high S/N, and are going to a large telescope to get more 
photons: these objects are not at the sky limit, so high dispersion is not required to get around the sky lines. The other is 
that a wide spectral coverage is required to separate different polarimetric effects by wavelength dependence, like 
electron scattering and dust. In order to cover the entire NIR spectral range, a grating with R~800 will be required. This 
would likely have to be a conventional transmission grating or grism, as the volume phase holographic gratings do not 
perform well in this low dispersion regime. 

Simultaneous Vis-NIR Observations 
RSS will be unique in its ability to observe simultaneously with both the VIS and the NIR arms in all instrument modes:  
spectroscopy, Fabry-Perot narrow band imaging, and spectropolarimetry.  There are a number of advantages to 
simultaneous observations, both technical and scientific in nature.  First of all is the gained efficiency in obtaining both 
observations at once in cases where each instrument would normally be used sequentially to gain wider spectral 
coverage, or to observe two specific spectral regions falling in both the visible and the NIR.  With SALT’s limited track 
times on objects this becomes a very important aspect for observing efficiency.  Simultaneous observations actually gain 
more than a factor of ~2 in efficiency when weather and possible downtime due to technical problems are considered.  
The likelihood of getting one good observation is better than the likelihood of getting two at different times. 

Since both arms of RSS use a common slit plane, both instruments see the same spatial sampling.  This is important for 
studies that need to precisely compare the visible and NIR observations of particular regions of objects, such as 
polarimetry or abundance studies, where observations obtained on different instruments or with different setups might 
not spatially sample the object in exactly the same locations. 

Wide spectral coverage will be important for projects such as searching for spectral break in galaxies.  Because the VIS 
and NIR arms of RSS are individually configurable, we will have great flexibility in possible observations.  For example, 
we could consider searching for high redshift Ly-break galaxies by using the R = 300 grating on the VIS side, to cover 
its entire spectral range at once, and higher spectral resolution on the NIR side to get between the sky lines.   Together 
the total spectral range covered is very wide. 

 
Figure 6.  Predicted throughput of RSS-NIR 
components, excluding telescope losses. 

 
Figure 7.  System throughputs for the VIS and 
NIR arms of RSS.  The Ca IR triplet 
wavelengths are marked.  Throughput crossover 
occurs just blueward of this feature. 



 

 

 
 

Many of the spectropolarimetric observations will require 
wide spectral coverage at fairly low spectral resolution 
because they are bright sources.  Objects that have intrinsic 
polarization are often variable, so this enforces the case for 
making simultaneous observations with both arms. 

Some studies will require the observation of different 
features that are separated far enough in wavelength that 
they cannot be done by a single visible or NIR instrument.  
Some examples include nebular diagnostics (ionization, 
metallicity, extinction), particularly in redshifted sources; 
stellar population synthesis (age/metallicity), where a broad 
range in wavelength is needed to constrain both hot and 
cool stellar populations; and redshift identification and 
confirmation.  All such studies will benefit from the gained 
observational efficiency of making both observations at 
once, as well as the stability of making both observations 
through the same weather conditions. 

The Dichroic Split Between Arms 
Both the wavelength at which the dichroic beamsplitter 
separates the light for the visible and NIR arms and the 
steepness of the cut are driven by science arguments.  A 
shallow transition would provide more overlap between 
spectra from the two arms.  However, virtually no science 
applications within the SALT consortium require much 
overlap between the visible and NIR arms when spectra are 
obtained simultaneously.  Calibration of each arm will be 
done separately by observing spectrophotometric standards.  
On the other hand, spectropolarimetric observations prefer a 
sharp cut because coating properties of the dichroic vary 
with polarization and prevent the measurement of accurate 
polarizations near the cut wavelength.   

The Ca IR triplet at λ = 8498 Å, 8542 Å, and 8662 Å is a 
spectral feature important to many science programs.  One 
important aspect of the decision on exactly where to make 
the dichroic wavelength split is which system will be most 
efficient for observing this feature.  Figure 6 and Figure 7 
show the estimated system throughputs of both the visible 

and the NIR arms of RSS.  These include all optics, coatings, gratings, and detector QEs.  The throughput crossover 
occurs just blueward of the Ca triplet.  Operationally, it should not matter which arm is used to observe the feature since 
the thermal background is not an issue at this wavelength on the NIR side.  An important scientific consideration is what 
other features are likely to be observed at the same time as the Ca IR triplet?  This will be considered for the final 
decision on this exact wavelength. Nominally, the split will be at λ = 0.9 µm. However, another option would be to 
ensure the dichroic split is blueward of the CaII triplet (rest-frame). This enables simultaneous observations of, e.g., 
H&K and the MgI spectral regions in the blue-VIS with the optical beam while also observing CaII with the NIR beam. 
This is a powerful combination for studying galaxy kinematics to isolate old and intermediate-age populations. 

RSS-NIR Performance Predictions 
We have designed RSS-NIR to optimize high throughput, which has led our choices to: volume phase holographic 
gratings (VPHGs) for an increase in efficiency over conventional gratings, all transmissive optics with efficient AR 
coatings (we are investigating hardened solgel), and a HAWAII-2RG detector for which arrays have demonstrated 
quantum efficiency > 0.8 over our entire operating wavelength range. We have developed a sky-limited performance 
model for RSS-NIR that uses actual material transmissions of all optics, predicted volume phase holographic grating 
efficiencies (using the Kolgelnik approximation), and a detector quantum efficiency spectrum for a Hawaii-2RG-1.7µm 

 
 

Figure 8 Predicted instrument performance for 
spectroscopic observations. These are limiting 
Vega magnitudes as a function of wavelength to 
reach S/N = 10 in a 1 hour integration assuming 1 
arcsec seeing and Tambient = 20 oC. The red squares 
are with no slit cooling, the blue triangles are with 
the slit cooled to dTambient = -20 oC, and the green 
circles are with the slit cooled to dTambient = -30 
oC. Top is for R = 4000 and bottom is for R = 
7000. The median values in the upper right 
corners are for no slit cooling.spectral resolution 
element in a 1 hour exposure for 1 arcsec2 as a 
function of wavelength. 



 

 

 
 

array from Teledyne (Beletic et al. 2008).  The instrument thermal 
backgrounds used in this model were determined from actual ray 
traces in a detailed thermal stray light analysis, which has been 
integral to the design of this instrument (Wolf et al 2010).  We 
have assumed a worst case of 5 “dirty” telescope mirrors with 
Rprimary = 0.89 and each of the 4 spherical aberration corrector 
(SAC) mirrors at RSAC = 0.96.  Resulting performance predictions 
for RSS-NIR are given in Table 3 and  Figure 8. These are 
limiting Vega magnitudes to reach S/N = 10 per resolution 
element in a 1 hour exposure for 1 arcsec2.  

Two different cases are shown. In Figure 8 the top plots shows 
the flux density of the backgrounds reaching the detector for 
R=7000 and an ambient temperature of Tamb = 0 oC as a function 
of wavelength. This represents a cold winter night, with the 
median SALT winter temperature at +3 oC. The black spectrum is 
the sky (using a Maunea Kea sky observation), the cyan line is a 
fit to the sky continuum, and the symbols are the instrument 
backgrounds. The different symbols represent different amounts 
of slit cooling below the ambient observatory temperature: none 
(red squares), dTslit = -20 oC (blue triangles), and dTslit = -30 oC 
(green circles). These plots are instructive to see at what 
wavelength the instrument thermal background due to self 
emission begins to dominate the sky background. The bottom plot 
shows the limiting Vega magnitude as a function of wavelength. 
Error! Reference source not found. shows the same plots for 
Tamb = +20 oC, the maximum typical summer temperature, with 
the summer median at Tamb = +13 oC. Table 3 also gives limiting 
magnitudes for R=4000 under the same conditions.  The minimum spectral resolution that we discuss here is R = 4000, 
because below that resolution the observed spectrum becomes dominated by night sky emission lines that are no longer 
resolved. Skylimited observations of faint objects cannot typically be done at R < 4000. Objects that are much brighter 
than the sky could be observed at lower spectral resolution, however, for them these limits due to backgrounds will not 
be an issue. 

 

Spectral Resolution 
(R) 

Ambient 
Temperature (oC) 

Slit Cooling below 
Ambient (oC) 

Limiting J mag 
Vega (AB) 

Limiting H mag 
Vega (AB) 
to 1.7 µm 

4000 0 0 21.1  (22.0) 20.1  (21.5) 
4000 0 -20 21.1  (22.0) 20.1  (21.5) 
4000 0 -30 21.1  (22.0) 20.1  (21.5) 
7000 0 0 20.7  (21.6) 19.6  (21.0) 
7000 0 -20 20.7  (21.6) 19.6  (21.0) 
7000 0 -30 20.7  (21.6) 19.6  (21.0) 
4000 20 0 21.1  (22.1) 19.8  (21.2) 
4000 20 -20 21.1  (22.1) 20.0  (21.4) 
4000 20 -30 21.1  (22.1) 20.0  (21.4) 
7000 20 0 20.7  (21.6) 19.2  (20.6) 
7000 20 -20 20.7  (21.6) 19.5  (20.9) 
7000 20 -30 20.7  (21.6) 19.5  (20.9) 
Table 3.  RSS-NIR limiting magnitude performance predictions for S/N = 10 per resolution element in 1 hour for 
1 arcsec2. 

 

 

 
Figure 9 Instrument comparison of AΩ 
and spectral power.   



 

 

 
 

 

5. COMPARISON WITH OTHER INSTRUMENTS 
RSS-NIR fills an obvious gap in SALT instrumentation since it will be the first NIR instrument on the telescope.  It is 
also important to compare the unique capabilities of RSS to instrumentation on large telescopes worldwide.  Table 4 
lists the spectroscopic capabilities of NIR instruments on 4-11 meter class telescopes worldwide.  Any extra instrument 
modes are noted in the last column.  Of all NIR instruments on 4-11 meter class telescopes, RSS and X-shooter are the 
only two that can simultaneously cover the UV-VIS-NIR wavelength range.  X-shooter does this routinely at the optimal 
design spectral resolutions. While RSS can observe at any of its instrument resolutions simultaneously in the VIS-NIR, it 
could only achieve contiguous coverage at low resolution, R~800. However, for X-shooter, detector real estate for 
spectral coverage comes at the price of observing only single objects.  RSS has a wide field multi-object mode utilizing 
custom laser-cut masks with up to 40 slits per mask.  Furthermore, the tunable VPHGs (in both wavelength region and 
spectral resolution) in each arm, in conjunction with multi-object slit masks, allow great flexibility in observations.  For 
example, the gratings on each side could be tuned to observe both Hα and Hβ in a galaxy cluster at z=0.5 (refer to 
Figure 2 for redshifted spectral features), or to simultaneously observe the star formation indicators Hα and [O II].  
There are many projects that will not require the entire contiguous spectral coverage, but where two discrete regions 
would be highly desired.   

We define an instrument comparison metric here that attempts to quantify the amount of information collected in a 
single instrument observation (Bershady et al., astro-ph/0403478).  We plot the product of the telescope size and 
instrument field of view, AΩ (m2 arcsec2) against the spectral power, defined as the product of spectral resolution 
(λ/Δλ), number of spectral resolution elements in one setup (NΔλ), and the number of objects observed in the setup (Nobj).  
This comparison for the instruments listed in Table 4 is shown in Figure 9.  RSS-NIR wins on AΩ with the exception of 
FMOS on Subaru. 

Table 4.  Comparison of NIR instruments on 4-11 meter class telescopes worldwide. 
Telescope Instr. Field 

of 
View 

λ  range 
(µm) 

R 
(λ /Δλ

) 

# 
Objects 

Pixel 
size 
(“) 

FSR in one 
setting (µm) 

Limiting 
magnitudes 

Vega 

Extra 
modes 

SALT RSS-NIR 
RSS 

8’x8’ 
8’x8’ 

0.9 - 1.7 
0.32 – 
0.9 

1000-
7000 

40 0.22 
 

Δλ ~ 0.09 – 0.2 
0.32 – 1.7 @ 
low R 

H=19.8 (19.2), 
S/N=10, 
t = 1 hr, 
R=4000 (7000) 

Fabry-Perot, 
Spectro-
polarimetry 

Gemini NIFS ‡ 
(AO) 

3”x3” 0.95 - 2.4 5000-
6000 

single 
IFU 

0.04 z, J, H, or K H=18.3, 
S/N=5, 
t = 1 hr 

 

 Flamingos-
2 

2’x6’ 0.95 - 2.5 1200,3
000 

MOS 
masks 

0.18 0.9-1.8, 1.25-
2.5 
J, H, or K 

 Fabry-
Perot† 

Keck MOSFIRE 6’x3’ 0.97 – 
2.45 

3270 45 0.18 1.48-1.81,  
1.97-2.42 

H=20.1, 
S/N=10, 
t = 1000 s, 
R=3270 

 

 OSIRIS ‡ 
(AO) 

2.2”x 
3.2” 

1.0 – 2.4 
 

3900 391 
fibers 

0.02–
0.1 

Δλ ~ 0.06 – 0.4 H~21.1,** 
S/N=10, 
t = 1 hr 

 

Subaru MOIRCS ‡ 4’x7’ 0.9 – 2.5 500, 
1500-
1600 

40 0.117 0.9 – 2.5 H~18.4,** 
S/N=10, 
1 hr, 
R=1600 

 

 FMOS 30’ 0.9 – 1.8 500, 
2200 

400 
fibers 

 0.9 – 1.8 @ 
R=500, 4 
settings at 
R=2200 

H=20.9, 
S/N=5, 
t = 1hr 
 

 



 

 

 
 

Telescope Instr. Field 
of 

View 

λ  range 
(µm) 

R 
(λ /Δλ

) 

# 
Objects 

Pixel 
size 
(“) 

FSR in one 
setting (µm) 

Limiting 
magnitudes 

Vega 

Extra 
modes 

VLT X-shooter 12” 
slit 

0.3 – 1.9 5000 1 0.14-
0.31 

0.3 – 1.9 H=18.6, 
S/N = 10,  
t = 1 hr, 
R=5000 

IFU*, 
Spectro-
polarimetry
* 

GTC EMIR 6’x4’ 0.9 – 2.5 4000 45 0.2 0.9 – 2.5 H=21.1,  
S/N = 5,  
t = 2 hr, 
R=4000 

 

LBT Lucifer 4’x3’ 0.9 – 2.5 500-
5000, 
1000-
10000 

MOS 
masks 

0.25, 
0.12 

Δλ = 0.46, 
0.22 

 IFU* 

Magellan FIRE 7” 
slit, 
1’ slit 

0.8 – 2.5 6000, 
900-
2500 

1 0.18 0.89 – 2.51 J=20.0, 
S/N=10, 
t = 2.3 hr, 
R=6000 

 

MMT ARIES 107” 1 – 5 2000, 
30000 

MOS 0.1 J,H, and K 
J-H, H-K 

J=20.7 (18.5) 
S/N = 10, 
t = 1hr, 
R=2000 (30000) 

 

‡, instrument in operation, † planned upgrade, * possible upgrade option, ** our estimate 

6. SUMMARY 
We have presented the science requirements of the SALT Observatory consortium for NIR spectroscopy, imaging, 
polarimatry and Fabry-Perot Imaging.  We have summarized the way in which these requirements have driven the 
design of the RSS-NIR spectrograph in terms of throughput, resolution, slit width, filed of view and simultaneity.  We 
have presented instrument performance showing on-sky limiting magnitudes to reach S/N = 10 in 1 hour with 1 arcsec 
seeing at R ~ 4000 (7000) are predicted to be J ~ 21.4 (20.6) and Hshort ~ 21.0 (20.4). Slit cooling to dTambient = -30 oC .  
We have shown a comparison of these parameters with other existing an planned NIR instruments. 
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