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Abstract: Perturbations in the earth’s atmosphesamthat we do not get diffraction-
limited images on anything but the smallest telpssp even if they have
perfect mirrors. However, changes in the atmosploecur on timescales of
order 10ms. Images taken with exposures shorter this will freeze the
atmosphere in the image, and occasionally, a fatenfront will be imaged.
Shifting and adding many such images will resultaindiffraction limited
picture of the sky. We report on some resultsiobthusing a low light level
charge coupled device (L3CCD), on the Nordic Optielescope (2.5m) in
the | band. The full width half maximum of a pootiject is about 0.1 arcsec,
better than that given by the Hubble Space Telescop
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1. INTRODUCTION

In the quest for imaging of fainter objects, tetgses have grown in size.
Atmospheric fluctuations mean that images produeed no longer
diffraction limited, but smeared. Adaptive Opti¢8O) has sought to
overcome these problems by adjusting mirror sugf@ceeal time to correct
the atmospheric effect. This however, is not gtraforward in the infrared,
and more difficult in the optical. The isoplanapatch is small (~10
arcseconds).

Changes in the atmosphere occur on timescales ddr dtfOms. By
imaging the sky with an exposure time less thas, tihis possible to freeze
the atmosphere, so that little smearing occurfiénimage. If this is done
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many times, eventually a flat wave front will beaged, giving a diffraction
limited image of the sky. Shifting and adding mauogh images allows us
to build up a picture of the sky.

The fast frame rate means that each image mayrgdaiat. However,
reading a CCD fast usually results in a noisy digivaiting the magnitude
to which objects can be observed. A fast CCD waéty low noise readout
is required, characteristics which are matched dwy light level CCD’s
(L3CCD'’s). Tests with these chips have been ssfekghe elimination of
read noise allowing us to reach up to ten magngddieater.

2. L3CCD CHIP

An L3CCD is able to provide a large internal gaindassing electrons
through the multiplication register, an extensidrtte serial register. As
electrons pass through this register, a high veltag one of the pins can
cause avalanche multiplication to occur. The pbdita of creating an extra
electron at each stage is small (1-2%), but mach stages can lead to a
large overall gain, which can be adjusted betwed®d00. The output
signal can then much greater than the readout noéselting in a high
signal-to-noise ratio for a single electron detdcby the imaging array.
Several modes are available for reading out the Cd&dpending on light
level, as discussed by Basden (these proceedifigge, we use an analogue
mode, treating the output exactly as we would aveotional CCD. This
leads to increased statistical noise due to théiptinhtion process.

3. RESULTS

The isoplanatic patch is about 60 arcsec in thendbwhen using Lucky
Imaging, greater than that achievable with AO. sTikilimited by telescope
mirror imperfections. Fainter stars are affectgghboton shot noise, though
shifting and adding many such images removes ttoblgm. A thinned
L3CCD is able to use reference stars as faint 4smgnitude. A sample of
results is shown in figure 1.

3.1 Observing efficiency and quality

When using this imaging technique, we throw awdgrge fraction of
images, resulting in poor observation efficieng@bserving efficiency can
be improved at the expense of resolution, by usintarger fraction of
images. This gives poorer results, though is dtéimatically better than a
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long-exposure image, the quality degrading onlyblo The fraction of

images used is determined by the required serigitand resolution,

typically between 1-10%.

Image quality is found to be affected by the magiet of the reference

star, and by angular separation between the raferand science objects.

Using 1% selection over one hour of observatiola @bm telescope, the

magnitude limit is I~23 with a thinned CCD with féction limited imaging

(0.1-0.13 arcsec resolution), assuming seeing ofita®.5 arcsec. This can
be increased to 1~25 by selecting the best 10%nwfges, though the

resolution is poorer (0.12-0.15 arcsec).

Results could be improved further by using a midtihreshold readout

Comparison of Higr.m Résolution Imaging Techniques

é Globular Cluster M13

Background: Hubble Space Telescope
Image from the WFPC2 PC Chip

Cross Section
Through Star

Lucky Exposures Image from the
" 2.56m Nordic Optical Telescope

Adaptive Optics Image from the 4.2m
William Herschel Telescope (NAOMI) 5 arcsec

Figure 1. Comparison of imaging techniques. Beaokgd is from Hubble Spa
Telescope (HST), overlaiwith images from adaptive optics (AO) and luckpesure (LE
techniques. The full width half maximum from edebhnique is: HST 0.1@:15 arcsec, A
0.4 arcsec, LE 0.1 arcsec. Lucky exposure imageaokéained using three seconds of
from a 300 second observing run.
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mode (Basden, these proceedings), as this woulddse the signal to noise
levels in the faintest parts of the image, allowgngater detail.

4. HARDWARE REQUIREMENTS

There is need to develop high speed controller& 3@ CD'’s, which are
capable of pixel rates up to 15-25MHz, with mukiglutput channels and
parallel signal chains. There is also a need paration in several readout
modes, current controllers only supporting analogesdout. Integrated
hardware needs to be developed to sort, assegg@ceks image data in real
time. This is made possible by the current germradf digital signal
processors, for example, Analog Devices SHARC-2146ip, which we
will use.

5.  CONCLUSIONS

The Lucky imaging technique provides, at low cessentially the only
way to achieve ground-based diffraction limited gimg in the visible.
Virtually 100% of the sky is accessible, and thaplanatic patch is greater
than with adaptive optics.

Larger telescopes can be used, dividing them up @tset of sub-
apertures. The summation of independent setgheill improve the limiting
magnitude.
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