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ABSTRACT

PILOT (the Pathfinder for an International Large Optical Telescope) is a proposed Australian/European optical/infrared
telescope for Dome C on the Antarctic Plateau, with target first light in 2012. The proposed telescope is 2.4m diameter,
with overall focal ratio /10, and a 1 degree field-of-view. In median seeing conditions, it delivers 0.3" FWHM wide-
field image quality, from 0.7-2.5 microns. In the best quartile of conditions, it delivers diffraction-limited imaging down
to 1 micron, or even less with lucky imaging. The areas where PILOT offers the greatest advantages over existing
ground-based telescopes are (a) very high resolution optical imaging, (b) high resolution wide-field optical imaging, and
(c) all wide-field thermal infrared imaging. The proposed first generation instrumentation consists of (a) a fast, low-
noise camera for diffraction-limited optical lucky imaging; (b) a gigapixel optical camera for seeing-limited imaging
over a 1 degree field; (c) a 4K x 4K near-infrared (1-5 micron) camera with both wide-field and diffraction-limited
modes; and (d) a double-beamed mid-infrared (7-40 micron) imaging spectrograph.
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INTRODUCTION

Dome C offers seeing, isoplanatic angle and coherence timescales all twice as good as the best temperate sites
(Lawrence et al. 2004, Agabi et al. 2006, Trinquet et al. 2008), and thermal infrared backgrounds an order of magnitude
lower (Walden 2005). PILOT (the Pathfinder for an International Large Optical Telescope) is a proposed 2.4m
telescope designed to take advantage of these unique conditions, both as a pathfinder for larger telescopes, and to do
unique science in its own right.

The areas where PILOT can outperform 8-m class telescopes on existing sites are (a) diffraction-limited optical
imaging, (b) wide-field infrared imaging, and (c) high resolution, wide-field optical imaging. The proposed
instrumentation is designed to cover these niches comprehensively.

Fast tip-tilt correction is fundamental to PILOT, both to correct for windshake, and to partially correct for atmospheric
turbulence. Fast guiding offers significant gains in image quality when D/ry ~ 1-10, where D is the telescope diameter
and r, is the Fried scale of atmospheric turbulence (e.g. Hardy 1998). For PILOT, 1, ~ 0.3 (A/0.5um)* m in median
conditions, and we are in this regime for all optical and NIR work. The seeing at Dome C from 30m elevation comes in
roughly equal parts from residual ground layer turbulence below ~100m, and free seeing above this, according to the
French balloon data from Trinquet ef al. (2008) and Agabi et al. (2004). The characteristic linear distance for useful
correlation in the turbulence at any given height is the telescope diameter D; given the angular fields of view of seeing-
limited cameras (5'-1°), this means we can always correct for the residual ground layer across the entire field, but little
of the high level seeing. So in general, we always require multiple guide stars, to average out their individual,
uncorrelated motions caused by high-level turbulence. The best distribution of guide stars, for uniform image quality, is
distributed in an annulus around the science imaging area.

will@aaoepp.aao.gov.au; http://www.aao.gov.au; phone +61 2 9372 4853; fax +61 2 9372 4860

Ground-based and Airborne Instrumentation for Astronomy Il, edited by lan S. McLean, Mark M. Casali,
Proc. of SPIE Vol. 7014, 70144N, (2008) - 0277-786X/08/$18 - doi: 10.1117/12.788858

Proc. of SPIE Vol. 7014 70144N-1



There are four obvious guiding options: (a) multiple deployable guide probes; (b) a dichroic beam splitter and a large
area acquisition camera; (c) dedicated guiding detectors around the science detectors, large enough to allow acquisition
of sufficient guide stars; (d) guiding with sub-windows of the main science detectors. Each of these presents major
challenges: (a) is ruled out by complexity and the requirement for large corrective optics to get the necessary wide field;
(b) is ruled out by the harmful effects on the image quality caused by the dichroic in the converging beam; (¢) involves
additional detectors and controllers and causes complications with coatings and filters; (d) means the guide star images
are seen through the same filters (losing most of the photons), and with the same read noise, as the science data.

The required frequency and amplitude for fast guiding with PILOT is a factor 2 less than large telescopes on existing
sites. Windshake is dominated by the tower, with fundamental frequencies of just a few Hertz; while the Tyler
frequency for atmospheric image motion is ~3Hz (vs 7Hz at Mauna Kea). The characteristic amplitudes for both
processes are ~0.2". Nonetheless, the guiding requirements are still stringent: we require guide star frames at 50-100Hz
rates, for multiple guide stars, each with S/N large enough to determine their centroids to a fraction of the image size.

1 INSTRUMENT SUITE SUMMARY

PILOT’s proposed first generation of instruments allows both diffraction-limited and seeing limited imaging from 0.4-
40um. There is one small instrument and three major ones, as follows:

1. High resolution, high speed optical camera for diffraction-limited lucky imaging. The proposed camera is based on
an E2V L3-Vision detector (which allows fast readout with very low read noise), with 1K x 1K, ~0.03" pixels.

2. Wide-field optical gigapixel camera, with 40'x40' field of view, ~10um pixels giving 0.086"/pixel sampling. The
detectors may be Orthogonal Transfer Array (OTA) CCD’s, or large format traditional CCD’s such as the STA 1600A
10Kx10K detectors with 9um pixels. The design includes two silica corrector lenses, with one aspheric surface.

3. Wide-field NIR (1-5um) camera with 10.5'x10.5' field of view. The detectors are 4 x 2K x 2K HAWAII-2RG arrays.
The plate scale is 0.154"/pixel for 18um pixels, allowing us to sample the diffraction-limit at K4, and longer. To
sample diffraction limited imaging at zYJH bands requires a larger plate scale; this is achieved by introducing a Barlow
lens doublet and fold mirrors into the optical path. The optics allow the use of 4 of the proposed 4K x 4K HAWAII-
4RG15 detectors (expected ~2011) with 15um pixels. The design includes two CaF2 corrector lenses and an Offner
relay cold stop.

4. Mid-infrared camera with Fabry-Perot filters. It is proposed that we have a 7-40um camera, based on existing
detectors, with ~1"/pixel, and allowing grism spectroscopy as well as narrow band surveys of Galactic H, emission at
12 and 17um. This camera could be used during the daytime.

2 LUCKY IMAGING CAMERA

The first and simplest instrument for PILOT is a lucky imaging camera. Lucky imaging involves taking video-rate
frames of a field, and selecting, registering and co-adding the best to build up long-integration images with a significant
diffraction-limited core to the point-spread function. The field must include a star bright enough to do the selecting and
registering, and the field must be small enough for anisoplanatic errors to be small. The target Strehl is ~0.5. The
camera would be based on one (or more) E2V L3Vision detectors, which have on-chip amplification and hence allow
very fast readout (~20MHz) with low (<le’) noise. A drawback with these detectors is that when the signal is of order
le’/pixel per frame or higher, the stochastic amplification process doubles (in quadrature) the shot noise.
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the Servo bandwidth be a few times faster than the Tyler tilt-corrected Strehl ratio

tracking frequency, and the frame rate a few times higher

still, giving a desired frame rate of 20-50Hz. In the best conditions, it may be possible to run with the full detector area
without windowing. For useful guiding (and also good frame selection), we need a S/N ~ 5 for the guide star in each
frame. Since the shot noise and sky contributions are negligible, we then need ~25¢”/frame. Assuming the diffraction-
limited PSF is sampled at a rate ~2.5 pixels/FWHM, we then have the peak pixel intensity ~ 1e7/pixel/frame, so the
detector can be used in Photon-Counting Mode and there is no shot-noise penalty. To get 25¢/frame at 50Hz , assuming
50% overall efficiency, requires a guide star of brightness AB<18™. In the r-band, there are about 1000 stars/deg’
brighter than this at the Galactic pole (e.g. Kaiser, Tonry, Luppino 2000). For 30mas pixels and 1K x 1K detector, the
coverage factor (fraction of the sky within a detector-diagonal of a guide star) at the pole is then 37%. This could be
increased further by using multiple guide stars, or by using shaped filters which leave the guide star uncovered.

The optical design of the camera is just camera lens to expand the field from /10 to f/40, a small ADC, and a filter
wheel.

The fraction F of data frames which are diffraction-limited has been calculated by Fried (1978) to be F' ~ 5.6 exp[-
0.1557(D/ry)*]. The enormously strong dependences on aperture, seeing and wavelength together mean that PILOT
uniquely allows lucky imaging throughout the visible waveband. In good conditions with 0.2" seeing, F is 90% at i-
band, 50% at r-band, and 10% at g-band.

3  WIDE-FIELD OPTICAL CAMERA

The wide-field optical camera uses the entire 1°, 420mm focal
plane of the telescope. Two fused silica corrector lenses are
needed for wide-field optical performance; the rear surface of
the first lens is strongly aspheric, while the second forms the
dewar window. The difficulty of polishing aspherics is
determined by differences between meridional and tangential
curvature (du Jeu 2004). The original optical design had a
maximum of 700um removed material from spherical. When
the du Jeu criterion was included in the merit function (via a
simple ZPL macro), this was reduced by a factor of three, and  Figure 2. Wide-field camera ADC, filter,
the overall difficulty (taken as the rms difference in curvature)  and corrector lenses. The right-hand lens
was reduced by a factor 5.6. The original design also had the  also forms the dewar window.
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