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Abstract
The University ofWisconsin- Madison, together with RutgersUniversity and the
South African Astronomical Observatory, is designing and building an imaging
spectrograph for the Prime Focus Instrument Package of the Southern African
Large Telescope. The Prime Focus Imaging Spectrograph (PFIS) will specialize
in very high throughput, low and medium resolution (R = 500–12000)
spectroscopy and spectropolarimetry from 3200 to 9000 Å, using an articulated
camera with Volume Phase Holographic gratings and a double etalon FabryPerot system. It will be unique among or superior to existing 8-10 m telescopes
in the UV, in medium resolution spectroscopy, in Fabry-Perot spectroscopy, in
high time resolution spectroscopy, and in spectropolarimetry.

The Southern African Large Telescope
Over the next several years, South
Africa and its German, Polish,
American, and New Zealand
partners will build the largest
t e l e s c o p e in t h e s o u t h e r n
hemisphere, with a hexagonal
mirror array 11 meters across.
Although very similar to the
Hobby-Eberly Telescope (HET) in
Texas, the Southern African Large
Telescope (SALT) will have a
redesigned optical system using
more of themirrorarray.
SALT is a fixed altitude telescope
(53º), and thus observing with it is
more complicated than observing
with most ground-based
telescopes. SALTwillbelocatedat
SAAO’s Sutherland site (20º 48´
39´´ E; 32º 22´ 46´´ S) and can
access ~70% of the sky observable
there, but only during specific “windows of opportunity.” Objects are not always
accessible by SALT, even though they may be above the horizon. However, the
dates an object can be observed during the course of the year are almost identical
to that of a more traditional telescope.

Observing with SALT
Due to the novel design, namely the fixed
altitude of the telescope and a moving prime
focus trackerwith a range of only 12º, SALT
can only observe objects that fall within a
certain zenith distance (31º < z < 43º). This
means that the telescope can access a
viewing “window” in the shape of an
annulus, centered at the zenith but with
inner and outer radii of 31º and 43º. The
figure to the left shows the observing
annulus with the declination of several
astronomically relevant objects indicated.
For a given observation, the azimuth of the telescope will be fixed. The object
being observed is then tracked through the movement of the Prime Focus
Instrument Platform, which is free to move in X, Y, Z, tip, tilt, and rotation to
follow the object to ±6º in hour angle and elevation. The tracking is thus
accompanied by a variation of the effective aperture size, as the field of view of
the spherical aberration corrector (SAC) moves across the surface of the primary
mirror. At the center of a track, the aperture fills the full 11m primary. At a
maximum trackangle of ±6º, about 66% of the primary is used.
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UV Spectroscopy:
Rare on large telescopes, it provides access to many important astrophysical
features, such as Ca II H and K, [O II] λ3727, the Balmer Jump, Bowen lines in
high excitation objects (O III λλ3133, 3343, 3444), processed material lines in
objects like novae ([Ne V] λλ3340, 3425), and the strongest line in comets
following Ly-α: OH λ3090. This wavelength coverage also provides the lowestredshift ground-based access to redshifted vacuum UV features like Mg II λ2800
(for z = 0.1–0.4), the 2200ÅBump(z=0.4–0.8),andLy-α (z = 1.6–2.3).

Spectropolarimetry
Very rare on large telescopes, this niche utilizes the capabilities of SALT/PFIS in
interesting ways. For instance, UV spectropolarimetry provides access to the
most important stellar spectropolarimetric feature, the Balmer Jump. Also,
medium resolution spectropolarimetry (both grating and Fabry-Perot) on a large
telescope will for the first time provide useful polarimetric line profiles; the
polarized flux profile from dynamic scattering envelopes (e.g., η Car, NGC 253)
provides unique access to Doppler velocity information in three dimensions.
Additionally, the availability of multi-object spectropolarimetry will enable
unique surveys ofcrowded regions available to SALT, like the Galactic plane and
theMagellanicClouds.
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Two of the three etalons will reside in PFIS at any time; the low resolution etalon
will reside in the PFIS at all times, while the one or the other of the mid and high
resolution etalons will be installed. The etalons and their slides form an
integrated system designed to be easily changed out, but the operating queue will
be structured tominimize the number of etalon changes, which will occur only in
the daytimeand,weanticipate, nomorefrequently than once perweek.
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The versatile design of PFIS, with its large number of operational modes,
necessitates the use of many mechanisms. The figure below shows the layout of
PFIS,without the support truss, indicating the various mechanisms.
? Slit mask magazine and inserter.
Holds both multi-slit masks and tilted
longslits.
? Waveplate rotationmechanism
? Fold mirror (w/beamsplitter in future
IR beam).
? Grating magazine and inserter.
? Etalonslides (unarticulated position).
? Polarizingprism inserter
? Filtermagazine and inserter.
? Cameraarticulationmechanism.
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The PFIS structure is a welded open truss of
hollow Invar struts, which provides for the
highest possible stiffness/weight, and minimizes
the flexure due to wind loading. The Invar
minimizes thermal changes. The structure is
attached to a composite ring, which is then
attached to the Prime Focus Instrument
Platform’s rotator stage via a three-point
kinematicmount.
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? Low resolution (R=500–1000): This mode uses a single etalon and
interference filters to select the desired interference order (corresponding to
wavelength).
? Medium resolution (R=2500)
? High resolution (R=12500): Medium and high resolution modes will use
two etalons in series, with the low resolution etalon and its filter selecting the
desired order of the medium or high resolution etalon, respectively, as shown
in the figure below.

A complement of five VPH gratings 8000
was designed for PFIS. The grating
densities were first chosen to provide 6000
the most complete coverage of the
resolution parameter space in which
PFIS will operate. Next, the grating 4000
thickness and refractive index
modulation were chosen to maximize 2000
the bandwidth and efficiency at the
desired wavelength of operation.
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efficiencies (90%, 70% and 50%
transmissivity) are shown in the figure. A sixth grating, a standard transmission
grating, was added as a survey grating designed to allow large wavelength
coverage over a 6´fieldof view when usedwith slitmasks.

MechanicalDesign:

Low Resolution (R~1500)

The PFIS will implement a double etalon system, the first on a large telescope.
The spectral range of the Fabry-Perot system will be 4300 to 8600 Å. Apotential
future enhancement will be to add blue etalons and filters. Approximately 30
interference filters (R = 50) will be required to isolate the Fabry-Perot orders over
theentirespectralrange. The system will have three spectral resolution modes:

The performance of a VPH grating can thus be specified in the design by setting
several grating parameters, including the groove spacing, ν, volume thickness,
D,andindexmodulation contrast , ∆n.

Shutter

The detector will be a mosaic of three
Marconi/EEV 42-80 (2048x4096 15µ pixels)
chips, for a total of 6144x4096 pixels (95x61
mm). For an F/2.2 camera, the pixels are 0.13
arcsec; a 0.9 arcsec seeing disk is critically
sampled for 2x2 binning, and a 0.5 arcsec slit is
critically sampled for unbinned readout.

SALT/PFIS
Keck/ESI
Keck/LRIS
Magellan/HES
Gemini/GMOS
VLT/ FORS
HETLRS

Fabry-Perot Imaging Spectroscopy

PFIS will utilize Volume Phase Holographic
(VPH) gratings. These gratings diffract light
through the mechanism of Bragg diffraction inside
a volume in which the periodic grating structure is
formed by themodulation of the refractive index of
the transmitting material. These are similar to
standard transmission gratings, in that their
dispersion properties obey the grating equation.
However, the efficiency obeys the Bragg
condition, and thus the peak diffraction efficiency
is “tunable” by rotating the grating relative to the
incoming light. This then requires articulation of
the camera around the same axis.

The SALT telescope, combined with
its spherical aberration corrector CCD
(Etalons)
Camera
(SAC), provides an 11m telescope
pupil at F/4.2 and an 8 arcminute field
Collimator
of view. The PFIS optical design Side View (Fabry-Perot)
includes:
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Below are images of thecurrent (as ofNov 2001)construction status of the SALT
facility building. Phase 1 of the construction is now complete. Phase 2, which
will take place this year, will involve the installation of the mechanical
equipment and the complex air-conditioning systems.

Volume Phase Holographic Spectroscopy
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PFIS will use Pancharatnam
Superachromatic waveplates, which are
stacks of six very thin retarders. To
minimize the size of the waveplates, they
are placed in the collimator, directly after
the field lens. There will be both a ½- and
a ¼-wave waveplate. There are two
modes of operation:
? Linear Polarimetry: uses only the
½-waveplate. (FOV: 4x8 arcmin)
? Circular or All-stokes: uses both
waveplates in series. (FOV: 4 arcmin
diameter)

Wavelength(Å)

For all these predictions, the resolution is for a slit width comparable to the mean
seeing at the telescope, and the throughput excludes slit losses. For SALT/PFIS,
we assume 1.25 airmasses of extinction (ZD=37º), an 11m pupil with 17%
obscuration, a mean 85% illumination of the primary for a ±6º track, and one
aluminum and fourLLNLUV-shifteddurable silver coatedreflections.

Located in the collimated beam, after the grating, is a Wollaston beamsplitter,
shown above. It is a mosaic of 9 calcite prisms and splits the ±45º polarization
states by 4 arcminutes at the detector. Aslitmask that blocks the upper and lower
2 arcminutes of the field will be used in conjunction with the beamsplitter, to
prevent overlap of the two polarization fields on the detector.

TransmissionofFPsystem. Red:InterferenceFilter;Green:Lowresolutionetalon. Blue:Highresolutionetalon.
Black:Totaltransmission.

One of the major uses of the Fabry-Perot system will be the measurement of the
internal kinematics of extended objects (star clusters and gas clouds in the MW,
LMC & SMC; individual galaxies locally and at moderate redshifts; clusters of
galaxies out to high redshifts). Only one spectral line is needed, and the choice of
line is usually arbitrary. Thus, one selects the strongest line in a spectral region in
which the object is brightest. For emission line galaxies, this is usually Hα,
while [O III] λ5007 is stronger in high-excitation systems. In absorption, the
infrared Ca triplet (8542 Å strongest) and Hα are the usual choices, and
sometimes Na D (~5900 Å) or the Mg b lines around 5180 Å. Since most stellar
populations are dominated by low temperature objects, one usually chooses to
work asredaspossible. For cosmological investigations, studyingmultiple lines
will be needed for various redshiftranges.

High Time Resolution Spectroscopy
The management and speed of the detector readout will allow PFIS to study this
poorly explored astrophysical parameter space. Many Galactic objects vary on
time scales of ~100 seconds (compact pulsating stars such as white dwarfs and
subdwarfs), tens of seconds (quasi-periodic oscillations in interacting binaries),
and seconds or even less (Flares on M stars, optical counterparts of X-ray bursts
on low mass X-ray binaries, eclipses of accretion regions in magnetic
cataclysmic variables).
Aspecial slitmask that blocks the lower half of the fieldwouldbeinplace,andthe
object of interest would be positioned in the middle of the field. Short exposures
can be taken and read out using a frame-transfer technique.
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Other Operational Modes
In addition to the modes described above, the versatility of PFIS allows for other
possible configurations including, but not limitedto:
?
?
?
?

Directandhightimeresolutionimaging
Fabry-Perotspectroscopic imaging linear and circular polarimetry
Hightime resolution spectropolarimetry
Drift scan imaging and spectroscopy

