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1. Slits on Astronomical Spectrographs

The choice of slit widths on astronomical spectrographs is driven by considerations of resolution

and throughput. A variety of slits should be available to cover the range of seeing atmospheric

seeing conditions expected at the site. For the SALT telescope, the median seeing is 0.9 ′′ at zenith.

Seeing varies approximately as

FWHM ∝ sec(z)0.6 (1)

For the SALT telescope where the zenith distance is 37±6 degrees, the factor by which the seeing is

degraded from the zenith seeing is 1.14± 0.05. Furthermore, imperfections in the telescope optical

system (primary mirror plus spherical abberation corrector) deliver a finite-sized image, assumed

here to be characterized by a Gaussian PSF of FWHM=0.6′′.

This document explores the parameter space of slit throughput (enslitted energy fraction) as

a function of the form of the seeing profile, as a function of seeing conditions and as a function of

slit aperture width.



– 2 –

Fig. 1.— A comparison of radial profiles for two different seeing functions with an equivalent FWHM

of 1.0′′, a Gaussian-shaped PSF and a theoretical profile computed from atmospheric turbulence

theory (from Table 5.1 of R.N. Wilson’s Reflecting Telescope Optics II, p. 390). The left panel

shows the comparison with linear axes while the right panel shows a logarithmic plot of the same

profiles.
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Fig. 2.— This figure illustrates the fraction of energy from a point source which is transmitted by

a longslit for 3 different seeing conditions. The solid line show the enslitted energy fraction for a

PSF FWHM of 0.6′′ at zenith degraded by a factor of 1.14 for a zenith distance of 37 degrees and

convolved with an 0.6′′ Gaussian kernel representing the image delivered by the SALT telescope

optics. Open squares represent the case of a Gaussian PSF, while the filled circles represent the more

realistic (i.e., long exposure) case of when the PSF is given by the theoretical atmospheric profile

from Wilson (Reflecting Telescope Optics p 390). The dashed line illustrates the comparison

between Gaussian and theoretical seeing profiles when the FWHM at zenith is near the median

for the SALT site, 0.9′′ (1.2′′ after correction for airmass and telescope optics). The dotted line

illustrates the comparison between Gaussian and theoretical seeing profiles when the FWHM at

zenith is in the regime of the worst 10% expected for the SALT site, 1.8′′ (2.1′′ after correction for

airmass and telescope optics). The thin vertical lines show the proposed complement of PFIS

longslits.
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Fig. 3.— This figure illustrates the fraction of energy from a point source which is transmitted by a

longslit for 3 different longslits as a function of image FWHM delivered by the sky+telescope. The

solid line show the enslitted energy fraction for a slit diameter of 2.0′′. Open squares represent the

case of a Gaussian PSF, while the filled circles represent the more realistic (i.e., long exposure) case

of when the PSF is given by the theoretical atmospheric profile from Wilson (Reflecting Telescope

Optics p 390). The dashed line illustrates the comparison between Gaussian and theoretical

seeing profiles when a slit diameter of 1.0′′. The dotted line illustrates the enslitted energy for a

slit diameter of 0.5′′. The thin vertical lines indicate the seeing at zenith for the best (0.6′′), median

(0.9′′), and worst 10% (1.8′′) conditions at the SALT site corresponding to the 3 cases plotted in

Figure 2.
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2. PFIS-Specific Simulations of Spectral Resolution

Zemax simulations were used to model the spectral resolution achieved by the SALT telescope

+ PFIS for a variety of seeing conditions and instrument configurations. We simulated the image

of a point source broadened by atmospheric seeing (at a zenith angle of 37 degrees) and the as-

designed SALT SAC as described in Section 1. The input to Zemax is a source consisting of a

Gaussian distribution of rays with a FWHM spanning a range of angular sizes from 0.3 arcsec to

2.5 arcsec. Optionally, a uniform input distribution may be used to simulate a diffuse source (filled

slit case). Rays are incident on the SALT focal plane where a range of rectangular apertures may

be inserted to represent the longslits described in the Preliminary Design Review. After passing

through the PFIS optics (collimator and camera design from April 2002), the position of the rays

on the detector are recorded.

The information from Figures 2 and Figures 4-9 has been combined in Figure 10 to show the

tradeoff between spectral resolution and throughput achieved for a variety of gratings and seeing

conditions.
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Fig. 4.— Figures 4-9 below show the spectral resolution, as measured by the FWHM of the spectral

profile in Å, achieved as a function of slit diameter for the designed complement of 5 VPH gratings.

Three source distributions are shown: A uniform source that fills the slit (solid line), a Gaussian

source with a FWHM of 1.2′′ at zenith (representing poor seeing), and a Gaussian source with a

zenith FWHM of 0.7′′ (representing best site seeing). The title at the top of each figure notes the

grating and wavelength. The inset panels show the shape of the spectral profile for the filled slit

case (top row) and 0.7′′ seeing case (lower row) for six slit widths: 0.3′′, 0.5′′, 0.7′′, 1.0′′, 1.5′′, and

2.0′′.



– 7 –



– 8 –



– 9 –



– 10 –



– 11 –



– 12 –

Fig. 5.— This figure illustrates the tradeoff between spectral resolution and slit throughput. Shown

are two cases for 0.7′′ FWHM zenith seeing (best seeing–dotted line) and 1.2′′ FWHM zenith seeing

(poor seeing–dashed line). Each panel shows a representative wavelength, in Littrow, for each of

four VPH gratings. The points along each line denote the designed complement of longslits: 0.3 ′′,

0.5′′, 0.7′′, 1.0′′, 1.5′′, 2.0′′, and 2.5′′.


