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It has been quite some time since the last official “SALTeNEWS”, not by design, but circumstance. All of the SALT outreach and publicity has, by necessity, been squeezed in between other jobs, and with the amount of work steadily increasing, this aspect has regrettably taken a back seat, at least in terms of SALTeNEWS and the SALT webpages. However, we have recently reached a major milestone in the project, namely the first scientific observations with SALT, which is the reason for this newsletter. 
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Figure 1: A 1-sec exposure of 47 Tuc with SALT on 14 Oct 2004. Images are ~1.1”  FWHM.
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Figure 2: 51 installed mirror segments in SALT (October 2004) 
On-Sky Testing
September 2004 saw the commencement of the second phase of on-sky testing, which was held up until the installation of the Spherical Aberration Corrector (SAC) and the replacement of a faulty motion control card on the Tracker.  These initial tests involved using 37 segments – three complete rings and the central segment – to undertake the so-called “sub-array” acceptance tests of the Tracker. These tested the functionality of the Tracker and in particular the Prime Focus Payload (PFP) alignment system, which uses a laser auto-collimator and a Mach-Zender interferometer, respectively, to keep the PFP properly aligned in tip/tilt and distance relative to the primary mirror array. This is crucial to ensure that the SAC optical axis is always on a radius of curvature vector while tracking, otherwise the image quality deteriorates significantly. 
One of the first images obtained was of the globular cluster 47 Tuc, a good southern target with a potentially long track time (~hours). The image in Fig. 1 was taken on 14 Oct, when we had 51 segments installed and aligned (Fig. 2). Although proto-type edge sensors were installed and tested in 2003 on the first 7 segments, these recent tests did not use the edge sensors, since they are still undergoing development. Instead the mirror array was aligned optically using the Centre of Curvature Alignment System (CCAS), a Shack-Hartmann wave-front camera mounted atop the 30-m high CCAS tower. This was done as frequently as necessary, and provided the conditions remained fairly static (particularly the temperature) during the night, then the mirrors stayed in good alignment, as evidenced in Fig. 1, which was an image taken ~2 hours following a mirror alignment. The image quality is surprisingly good considering there is no active alignment yet, with symmetric star images of ~1.1 arcsec FWHM, somewhat better than the overall specification for the telescope in median seeing conditions.   
Project Achievements: Recent History
One of the major milestone achievements of 2003 was obtaining the first on-sky images with SALT, closely followed by the first guided observations (FGO) done just before Christmas. This was the culmination of a lot of effort, particularly in getting the Tracker operating. The first observations were achieved with just 7 segments in place, and by the end of the year we had 18 mounted for FGO. This September saw the beginning of the next phase of on-sky testing, following the installation of the Spherical Aberration Corrector (SAC) in July and the next phase of commissioning of the Tracker. Prior to this we were using the “surrogate” SAC, kindly loaned to us from the Hobby Eberly Telescope.  Both the completion of the SAC and the Tracker have delayed the scheduled completion of various commissioning tasks, although the actual system handover is still expected to be within several months of the original schedule, namely by April/May 2005.
The most notable achievements of the project to date are:
Completion of the building and all its services.
Completion of the telescope structure with its associated drives and controls.
Completion of the mirror truss.
Completion of the dome and its drives and controls.
Delivery of all the mirror blanks (98, including spares) from LZOS in Russia to ITT (formerly Eastman-Kodak) in the USA for grinding, polishing and figuring.
Delivery of two thirds (63/91) of the figured mirror segments from ITT.
Delivery of all the mirror mounts and actuators and proof that the mounts show negligible hysteresis. 

Commissioning the coating plant and the successful coating of all delivered mirrors.
Commissioning the CCAS instrument and mirror alignment software.
Installing the first 51 mirrors in the telescope, and perfecting the mirror actuation and alignment system and process.
Completion and installation of the tracker and payload.
Completion and installation of the Verification Instrument, SALTICAM.
First engineering images (Oct 2003).
First guided observation (Dec 2003).
First science images (Oct 2004).
Commissioning of guidance probe and camera (Oct 2004).
First scientific observations (Oct 2004).
In addition the project remains within the original March 1999 budget of $18.1M, an amazing feat considering that the original budget was based on the premise that SALT would essentially be an  exact copy of the HET, whereas in fact most SALT sub-systems were completely re-designed.
Most of the above milestones were achieved essentially on schedule, while most of the work, including some of the high-tech aspects (e.g. the Tracker), was contracted to South African industry. SALT’s contractors have won a number of awards: the Fulton award for the super-flat concrete pier and the SA Steel Institute Overall Award for the structure and mirror truss. SALT was also nominated for the South African Institute of Civil Engineering (SAICE) for its Award of the Century for Technical Excellence in Civil Engineering.
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Figure 3: SALT Tracker and Prime Focus Payload (PFP) installed at the SALT Prime Focus (Oct 2003).
SALT Optics
The quality of the SALT optics look to be excellent, with the figure of the primary mirror segments exceeding the 1/15th wave specification, sometimes by more than a factor of two. Likewise, the mirror material, Astro-Sitall, appears to be well within the thermal expansion specification (and all other specifications, for that matter), which will positively impact the image quality error budget and ensure image quality will be held very well.  The SAC is designed to deliver a fully corrected science field of 8 arcmin diameter, with good image quality and throughput. The complex optics were manufactured by the French company, SAGEM (formerly REOSC), and the mirrors were coated at Lawrence Livermore National Labs in the USA. These highly reflective and durable multi-layer coatings will give SALT the ability to work down to the UV atmospheric cut-off, at ~320 nm. 

The SAC plus other subsystems, including an Atmospheric Dispersion Compensator (ADC), moving exit pupil baffle, acquisition, guidance and focus cameras, and a calibration system, will all be mounted on the Prime Focus Payload (PFP). Some of the science instruments, including the Prime Focus Imaging Spectrograph (PFIS), the imaging camera, SALTICAM, and the Fibre Instrument Feed (FIF) will also be mounted on the PFP.     
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Figure 4: The SAC undergoing testing at SAGEM, France (left) and the ADC mechanism (right) in the SAAO lab.
Science Instruments
The First Generation SALT scientific instruments include:  1.) SALTICAM, an optical imaging camera,  2.) PFIS, a versatile prime focus low-to-medium resolution (R < 6000) imaging spectrograph, and 3.) HRS, a stable fibre-fed, high resolution (R = 16,000-70,000), two-beam, R4 échelle spectrograph. These first instruments are confined to the UV-visible region, and in the case of the first two, optimized for UV-blue performance, with a capability down to ~320 nm. These instruments, which are all essentially seeing limited, will provide the following capabilities: broad and narrow band imaging, long-slit and multi-object spectroscopy (up to R ~ 6000), imaging polarimetry and spectropolarimetry, Fabry-Perot imaging spectroscopy and precision high resolution spectroscopy (up to R ~ 70,000). Time resolved studies are an important aspect of the overall SALT science drivers and special efforts are being made to ensure an ability to run at >10 Hz, with minimal dead time, by employing frame transfer CCDs on two of the instruments (SALTICAM and PFIS). 
SALTICAM, in its so-called VI (Verification Instrument) mode configuration, without focal reduction optics, was built at the SAAO and installed on SALT in October 2003. It has been used subsequently for all of the on-sky testing and is being used to “verify” system conformance to the overall specifications of the telescope (e.g. pointing, tracking, throughput and image quality). Its full imaging mode will be commissioned in early 2005, with the installation of optics, when it will then serve a dual purpose as both the acquisition camera for SALT and a scientific imager/high-speed CCD photometer – the so-called ACSI (Acquisition Camera & Scientific Imager) modes of SALTICAM.  PFIS is currently in assembly at the University of Wisconsin and is scheduled for integration on SALT in March 2005. The optics have been completed, as have many of the sub-system mechanisms, which are now being integrated onto the PFIS structure, and will eventually be mounted at the prime focus position on the  PFP. 
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Figure 5: Webcam image (www.sal.wisc.edu/pfis/docs/html/webcam.html)of PFIS undergoing integration at the University of Wisconsin. The camera optics are housed in the cylinder to the left, which also has the CCD detector mounted, and articulates on the curved rail by 100º to change wavelength/resolution settings.
SALT HRS, being built by the University of Canterbury, has been delayed for both technical and financial reasons, but successfully passed its Preliminary Design Review in July 2004. It is expected that the instrument will complete its Critical Design phase by April-May 2005, and will begin commissioning in late 2006/early 2007.
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Figure 6: The PFIS detector cryostat (built at SAAO) containing the mosaic of three 2k x 4k CCDs, undergoing lab tests at the University of Wisconsin.  
First Science Observations

Even though the telescope is not yet complete, this has not stopped us attempting the first proper scientific observations with SALT!  The recent testing demonstrated that the telescope could deliver quite respectable images, and despite there only being just over half of the mirrors in place, had enough light gathering power to be scientifically useful. This ability is demonstrated in the image below of the first galaxy observed by SALT, the active Seyfert II galaxy NGC1068 (M77).
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Figure 7: A 4 second unfiltered exposure of the active galaxy NGC1068 (14 Oct 2004)
These tests also demonstrated that SALT could point and track with sufficiently accuracy that objects could in fact be observed over an extended period.  This was further tested on the night of 27 October 2004 when SALT was used to obtain time-series photometry on 4 objects using SALTICAM VI. Since no filters were installed yet, these observations were done in “white light”. The SALTICAM Principal Investigator (D. O’Donoghue) and SALT Project Scientist (D. Buckley) devised an observing program to exercise one of the unique characteristics of SALT and its first-light instrument (SALTICAM), namely high-speed photometry. 
Four highly variable objects – magnetic cataclysmic binary stars – were chosen, two of which were predicted to undergo eclipses (lasting ~tens of minutes) during the SALT observing window that night. These objects were observed with SALTICAM in so-called “frame transfer” mode and with a pre-binning factor of 5 x 5 pixels, allowing the dead-time between CCD readouts to be reduced to just a  few seconds. Repeat exposures of between 2 and 4 secs were done, allowing good time resolution, particularly of the eclipse ingress/egress events where the accreting white dwarf star (~Earth sized) is eclipsed by it companion red dwarf (~Sun sized) in a matter of just tens of seconds. 
These observations demonstrate the capabilities of time resolved science with SALT, due to the combination of large collecting area combined with fast readout CCD detectors. The plot below shows an eclipse of WW Hor, initially at a resolution of 2-sec, then changed to 4-sec as it got fainter (from V ~ 18 to 20.5). The gaps in the data were due to a tracker glitch followed by a 6 min gap when we rotated the telescope structure in order to have a longer track time on the object.  These data show the extremely good time resolution capabilities of SALT, and for comparison with the best existing high-speed photometry in the literature, an eclipse light curve from the AAT is also shown. We soon expect to commission the so-called “slot” mode, which will allow even faster readouts by shifting charge by ~tens of rows at a time, rather than the entire half of the CCD. In this mode it will be possible to select program and comparison stars and perform ~10Hz photometry with minimal dead-time between frames. 
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Figure 8: Eclipse light curve of the magnetic cataclysmic variable WW Hor, taken with SALTICAM (no filter) on 27 Oct 2004.
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Figure 9: Average of three eclipse curves (‘red’ band: 550-840 nm) of WW Hor taken 

12 Nov 1987 on the AAT with the Mark II Hatfield Polarimeter (Bailey et al. 1988, MNRAS, 261, L31 (1993). 
Future Activities

The remainder of 2004 will see the completion of acceptance testing of the Tracker and the start of system level acceptance testing of pointing, tracking and image quality, which is likely to carry over into early 2005. By the end of the year we expect to have 79 mirror segments installed, filling four complete rings and 18 out of the 30 segments in the last, fifth, ring. The remaining 14 mirrors (which includes 2 spares) are due to be delivered by the end of Feb 2005. 
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Figure 9: Images of guide stars through the guidance probe which consists of a coherent image fibre bundle coupled to a fast readout CCD camera. The field of view is 17 x 17 arcsec. 

The coming months should see the full commissioning of the recently installed auto-guidance and auto-focussing systems (see Fig. 8) and installation of the remaining payload subsystem, culminating in the installation of SALTICAM ACSI mode by the end of Jan 2005. The Telescope Control System (TCS), which is being systematically installed in a number of software “builds”, will be at a sufficient level of maturity to allow full testing and operation of the telescope and its subsystems. This includes the Science Database (SDB, written in MySQL), which is already partially installed, and the telescope observation planning tool (OPT), used to schedule observations. Due to the complexity and staged development of the TCS, which includes the observation planning, simulation, proposal writing and submission tools to be used over the Internet by SALT users, this work will continue through most of 2005. The TCS team will therefore be kept on until Dec 2005 to see this work to completion. Most of the remaining SALT Project Team are expected to complete their contracts by the end of March 2005, although some may remain, possibly on a part-time basis, depending on which items remain outstanding in terms of signing off that they meet the system specification. 
Many of the SALT operations staff, particularly the technical support staff, have already been appointed and are working alongside the SALT Project Team at Sutherland. This is a mutually beneficial situation in which maximum knowledge transfer from the construction team to the operations team can take place. In addition the operations staff are actively assisting in the maintenance, test and commissioning of SALT subsystems. Because of the few month delay in telescope completion, which is now expected by the end March 2005, the appointment of the scientific operations staff, the SALT Astronomers (SAs) and SALT Operators (SOs), has been extended. One SA, Dr Encarni Romero Colmenero, was appointed on 1 Nov 2005 and other SA positions will be advertised over the coming months. A total of six SAs, each at a level of 0.7 FTE for SALT, will be in place by ~October 2005, when full science operations (>75% night-time hours) is expected to be in full swing. Four SOs are planned for at this stage, and currently the two existing Sutherland night assistants, Fred Marang and Francoise van Wyk, are undergoing SALT training in order to “groom” them for this role.  
Science observations will gradually ramp up through 2005, beginning with commissioning observations of SALTICAM ACSI and then PFIS, once its is installed in March 2005. This is likely to continue through to mid-2005, when the several month long “shared risk” (no guarantees on performance and science time expected at no more than ~50% level) verification phase begins. It is expected that proposals for science programs for this phase will be solicited from the SALT user community sometime early in 2005.
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