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Introduction

AA( is a new instrument being developed by the Anglo-Australian Observatory for use on the 3.9 m Anglo-Australian Telescope. AA( will replace the existing 2dF spectrographs to provide a multiple-object observing capability with improved efficiency and spectral resolution. In addition, when the 2dF top end is not mounted on the telescope, AA( will allow general-purpose single-object spectroscopy with the existing SPIRAL integral field unit mounted at Cassegrain or auxiliary Cassegrain focus. In this document we present a description of the scientific functionality to be provided by the AA( instrument.

Existing 2dF infrastructure and upgrades

It is assumed that AA( will use the existing 2dF infrastructure including the prime focus optical corrector, focal plane imager, and robotic fibre positioner. In addition AA( will provide the following functionality

· Flatter fieldplates to provide improved positioner performance.

· Improved reliability for Z drive.

· Refurbished retractor units to improve reliability.

· Plate rotation to be implemented for 2dF and AA(

· Improved flatfielding to give enough counts at all wavelengths

Multiple-object spectroscopy (MOS/2dF mode)

The functionality provided by AA( in multi-object mode will be similar to 2dF and can be summarised as follows:

· 300-392 MOS fibres (goal > 350), of 140 micron diameter (2.0-2.1 arcsec)

· Resolving power 1200-8000 (lowest resolution/minimum highest resolution)

· Nod and Shuffle capability (see below) 

· Total system throughput  >10% at 400 nm, peak throughput > 20% (top of atmosphere to detected photons for point sources in median seeing, including all losses) 

· Autoguiding capability using 8 guide fibre bundles and replacement of current TV system with CCD system

· Fibre separation at detector ~ 10 pixels.

· Sky-subtraction accuracy better than 1% [rms] with dedicated sky fibres

· Sky-subtraction accuracy Poisson-limited for 3 hour integrations with Nod&Shuffle.

· Fibre Crosstalk: < 1% of peak intensity midway between fibres in non-Nod&Shuffle mode
· Uses existing 2 degree field of view.

· Uses existing 2dF fibre button design and refurbished 2dF retractors

· Fibre slit sampling at detector of  3.5 pixels FWHM.

Multiple-Object Fibres

· ~30m of new Heraeus STU optical fibres

· FRD to cause no more than 10% light losses

· Minimum throughput of 60% at 370 nm

Integral Field Unit  (Cassegrain)

AA( will provide single-object spectroscopy at Cassegrain using the existing SPIRAL IFU fibre feed. This observing mode will only be available when the f/8 Cassegrain focus is in use. The SPIRAL IFU will normally be mounted at the auxiliary Cassegrain focus. If spectropolarimetry is required then the IFU would need to be mounted at the normal Cassegrain focus.        

· Available at auxiliary Cassegrain port simultaneously with other Cassegrain instruments or at normal Cassegrain to the exclusion of other instruments.

· Uses existing SPIRAL IFU with appropriate slit modifications.

· Field of view 22 x 11 arc-seconds with 512 spatial elements.

· Spatial sampling 0.7 arc-sec.

· Spectral resolution (lambda/FWHM): 2000-13,000

· Fibre slit sampling at detector of  2.1 pixels FWHM

· Spectrophotometric accuracy 1%

· Spectropolarimetry available only when mounted at straight Cassegrain (to avoid the additional reflection of the auxiliary folding flat mirror). 

· Nod and shuffle available with the full field of view and 512 fibres.

· No input filters.

· Acquisition and guiding with similar functionality as for current 2dF.

· Total system throughput >10% at 400nm, with peak throughput > 20%.

· Field rotation via Cassegrain rotator.

Nod&Shuffle Capability

There are two ways that NS may be implemented with AA(, with and without a mask at the fibre plate:

· The preferred method is to ``mini-shuffle” all the fibres (300-392) into the gaps between spectra (4-5 pixels).  No mask would be required.

· A backup method would be to install a mask at the fibre plate, allowing NS with ~200 fibres.

Spectrograph

AA( will consist of a new double-beam Schmidt spectrograph and associated fibre feeds. The functionality provided by the spectrograph will be as follows:

· Dual-beam system, with one collimator, dichroic beam-splitter, and two cameras (blue camera optimized for 370nm-570nm, red camera for 570nm-950nm)

· 190 mm collimated beam size

· Removeable dichroic, with split at 570 nm.  Different dichroics could be used as part of a future upgrade

· f/3.15 Schmidt collimator

· f/1.3 Schmidt cameras

· Slit-unit with 4 slits: 2 MOS (2 plates), 1 long-slit, 1 shared between Cass IFU and  (future) multi-IFU

· 40 MOS slit-blocks, interchangeable on the slit, each capable of carrying 10 fibres (object, guide)

· Upgrade path to mini-IFUs

· Repeatability of slit placement: 2 pixels at CCD (~73 microns at slit)

· Fibre alignment accuracy within slit-block < 20 micron (~0.5 pixel on detector) spectrally & spatially, < 10 micron in focus

· Alignment variation between slit-blocks < 10 micron spectrally, spatially, and in focus.

· Hartmann Shutter(s) for focusing

· Articulated cameras 14-94( (minimum).

· Camera and VPH articulation will not require re-focussing

· No re-focussing required during normal night’s observing

· Collimator focus and grating changes to be done manually

· Camera focus, slit unit, camera and VPH articulation to be remotely controlled from Control Room

· One system shutter for both arms

· Provision for order-sorting filters (though none anticipated at this stage)

· Bench-mounted for stability, with stability of 0.1 pixel over 4 hours

· Thermally-stable enclosed environment, with temperature stability better than 0.1 ( C over 4 hours 

· Volume Phase Holographic gratings (VPHG's) for low, medium and high dispersion.

· Less than factor 2.5 difference in dispersion between low/medium, and medium/high dispersion gratings

· Broad-band anti-reflection coatings on transmissive optics.

· Enhanced reflection coatings for mirrors

· Camera to give full coverage of up to 392 MOS fibres at 10 pixel centre to centre spacing.

· Spectrograph fed by 300-392 (goal  >350) MOS fibres per fieldplate. 

· Cassegrain IFUwith 512 fibres and lenslet array (the SPIRAL instrument)

· Wavelength coverage 370-950 nm.

· Degradation in spectral resolution from spectrograph optics < 5%/10% in MOS/IFU mode respectively

· RMS radii of optical aberrations < 7.5 microns at all wavelengths and field positions

· Point Spread Function (PSF) variation across field < 5% in MOS mode 

· Scattered light < 10% of median peak intensity

· Ghost intensity  < 10-4/pixel 

· Long slit with lamp for detector flat fielding.

· Calibration facilities (arcs and fibre flat field lamps) as currently provided by 2dF for MOS fibres

· SPIRAL IFU to use existing CASS calibration facilities

CCDs

· AAO-2 CCD controllers, allowing nod&shuffle, supporting different readout modes ("non-astro", "normal", "fast", "slow", "xtra-slow"), binning, and simple windowing

· 2k x 4k CCD with 15 micron pixels in each arm; one blue-optimized, one red-optimized

· At least 2 output amplifiers per CCD, CCDs can be read-out with 1 or 2 output amplifiers

· 2k in spectral direction, 4k in spatial direction (allowing nod&shuffle)

· QE > 50% at 370 nm, > 30% at 950 nm at astronomical operating temperatures (150-170K)

· Read-noise < 3 electrons rms in "normal" and "fast" readout speeds (5-20 microsec/pixel)

· Fringing < 5% peak-to-peak at 950 nm

· Cosmetic quality: < 6 column defects

· Read-out speed < 150 sec in "normal" readout speed, using one output amplifier

· Ability to have different readout times for blue/red CCDs

Instrument control software

· Full software control of spectrograph configuration from 2dF control interface.

· Independent engineering interface allowing all mechanisms and actuators to be independently controlled

· Operational engineering interface to display instrument status

· Spectrograph configuration calculator to determine optimum grating angles and articulation angle.

· Full spectrograph information in FITS header for all data.

Data reduction software
· Adaption of existing 2dF data reduction software for AA( MOS data, incorporating existing specialised versions for IFU data, and multi-object nod and shuffle (either with mask or ``mini-shuffling” of all fibres)

· Upgrade to combine spectra from blue and red arms

· Real time reconstruction of IFU image for image acquisition (telescope offsets sent directly to telescope).

· Signal to noise calculator for MOS and IFU cases.

· Software to cater for additional modes of sky subtraction, e.g. beam-switching, and handling of variable psf

Configuration software
· As currently provided for 2dF with updating for nod and shuffle observing, and beam-switching
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AA( spectrograph on AAT south catwalk












































30m long fibre


bundles from


Prime focus


























                                                                                                18m long fibre bundle from 


                                                                                                      Cassegrain focus








� Plate rotation allows more accurate field acquisition and eliminates time-consuming ‘poscheck’ calibrations. 


� Final fibre numbers will be determined by the ability to resolve ‘mini-shuffled’ spectra as described below. Fibre diameter is determined by median AAT seeing, prime focus corrector achromaticity, 2dF positioning accuracy, effect on spectral resolution and mechanical issues.


� Aim is to maximise resolving power without echelle-type optics.


� 2-3 times improvement over 2dF. Instrument will fail to reach efficiency spec at 400nm, mostly because of  decision to place spectrograph in West Coude room for operational reasons. 


� Efficient use of field rotation demands more guide fibres than the 4 in 2dF. Imperfect acquisition is one of the principal causes of variability in 2dF data quality. 


� Allowing complete resolution of 3.5 pixel fwhm MOS fibres.


� Compared with 2dF’s 2%. Improvement will come from more constant and stable PSF, and if needed, building PSF modelling into reduction software.


� Sampling determined by fibre size, camera speed and quality of spectrograph optics.


� Will not meet spec because of move to Coude room. Fibre throughput 44% at 370nm.


� Lowest dispersion gratings are 7(, highest expected are 46.5( ‘Dickson’ gratings. Gratings will normally be used in Littrow (symmetric) configuration, with peak efficiency at the centre of the wavelength coverage on the CCD.


� The dichroic acts as 2nd order filter in normal use. A 2nd order filter (or second dichroic) could in principal be needed if the red arm was used alone, without the dichroic, in low dispersion use eg 500nm-800nm





