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1. Introduction

This document presents an expanded version
of Section 2 from Glazebrook et al. (2006) giving
more detail on the reduction of the prime focus
imaging.

2. Imaging Observations & Spectroscopic
Selection

At the time of planning of this program (early
1998) the HST data was not yet available. There-
fore, pre-imaging was required to select the sample
to be spectroscopically followed-up. Furthermore,
it was desirable to image a considerably larger

anking �eld because of remaining uncertainties
in the �nal location of the deep HST pointing. In
addition, we required targets over the entire spec-
troscopic �eld of view which includes areas covered
by shallow HST 
anking �eld observations.

Therefore on May 29{30th 1998 we took deep
Prime Focus B and R band CCD images using
the Anglo-Australian Telescope. The detector was
a 1024� 1024 pixel TEKTRONIX CCD with a
plate-scale of 0.391 arcsec= pixel resulting in a 6.6
arcmin �eld-of-view. May 29 th was a photometric
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night with 0.8 arcsec visual seeing, May 30th was
a cloudy night (up to 1 mag extinction) with 2{3
arcsec seeing.

Two adjacent �elds were observed inR and B
(see Table 1) such that both the HST WFPC-
2 and STIS �eld centres were covered (hereafter
AAT-WF and AAT-ST, respectively), see Figure
1. The images, when mosaiced, cover a contigu-
ous area 12:50 � 70 centered on 22h 33m18.68s

� 60� 31045.800 (all co-ordinates in this paper are
J2000) that includes the STIS, WFPC2 and the
WFPC2 HDF- S 
anking �elds. These data com-
plement other imaging surveys in the HDF-S:
Palunas et al., 2000 (BTC); Treu et al. 1998
(CTIO-R); Nonino et al. 1999; da Costa et al.
1998 (EIS)). Our preimaging observations provide
a deeper catalogue of sources for the 
anking �elds
than the CTIO-R image and they have signi�-
cantly better seeing (0.800) than the BTC, CTIO-R
and EIS data (1.1{1.500). The AAT images cover
an area � 30% larger than the EIS data (as can
be seen from Figure 1). Hence, the combination of
area covered, seeing quality of the data and depth
of the AAT R- and B -band preimaging data make
this dataset a useful addition to the ground based
optical follow-up of the HDF-S region.

The R band images reach an approximate depth
(quanti�ed below) of R = 25 (3600 sec per pixel
exposure time). TheB -band images (1800 sec per
pixel exposure times) reachB =24{25. The obser-
vations are summarised in Table 1. Zooms of our
AAT data are compared with the �nal WFPC2
and STIS images in Figure 2. Candidates for spec-
troscopic follow-up were selected solely from the
deep R-band data taken under photometric con-
ditions.

2.1. Data reduction and calibration

The images were de-biased, 
at-�elded and
mosaiced following standard CCD procedures.
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An all-sky photometric solution was determined
from observations of 7 Landolt (1992) �elds us-
ing 29 stars and the resulting calibration applied
to source catalogues extracted using Sextractor
version 2.2.1 (Bertin and Arnouts, 1996). Sex-
tractor was run in the standard manner using a
low detection threshold of 1� and a minimum of
3 connected pixels to de�ne the extraction. We
used a local determination from the sky to accu-
rately handle data with variable sky levels. This
is particularly important since the images suf-
fer from strong stray light pollution from an o�-
image star to the north of the �eld (HD 213479
at 22h 33m10.97s � 60� 26000.400, B =8.1). In order
to maximise the reliability of the �nal catalogue
without compromising the faint source detection,
we 
agged sources which lie in areas most strongly
a�ected by straylight or in vignetted regions as
`masked' to minimise the number of spurious ex-
tractions. Only sources lying within unmasked
regions are considered in our number counts anal-
ysis. The magnitudes presented in the �nal cat-
alogue are SExtractor MAGAUTOmagnitudes de-
termined using an automated adapative aperture
technique. As such, they are SExtractor's best
estimate of an object's true magnitude.

2.2. Photometric Catalogues: quality, re-
liability and completeness

In order to assess the quality of our catalogues
we performed photometric and astrometric checks
using sources lying within the overlap regions of
the images. TheR-band magnitudes of the over-
lapping sources have a scatter of< 0.04 mags (for
R < 22.5) although are slightly o�set by 0.025
mags. This o�set is within the calibration er-
ror and may be attributed to straylight from HD
213479 a�ecting the overlapping area of the AAT-
ST image more than the AAT-WF image. This
con�rms our assessment of the photometric con-
ditions and our photometric standard star solu-
tions. The AAT-WF B -band mosaic is similarly
reliable as the data were also taken on May 29th .
Therefore we used common sources in the over-
lap region to determine a new calibration for the
B -band AAT-ST �eld taken in non-photometric
conditions. As the seeing far poorer (three times
worse) than the previous night, the agreement
between the AAT-WF-B and AAT-ST-B data is
marginally worse than the R-band data, while

having comparable scatter< 0.4 mags, the o�set
is 0.04 mags (forB < 23). The images were reg-
istered to the USNO-A2.0 reference frame using
x- and y-shifts and rotation. The average astro-
metric o�set between sources in the overlapping
regions of the WF and ST frames is� 0.1200.

As we are primarily interested in the extra-
galactic population within the HDFS region, the
completeness and reliability of our photometric
catalogues must be understood. Thus we per-
form a star-galaxy classi�cation within the �eld
and compare derived extragalactic number counts
to Euclidean and previously determined counts to
characterise the completeness of the extragalactic
sample we derive. In turn, this will enable us to as-
sess the spectroscopic completeness of our survey.
We performed star-galaxy separation using the ob-
ject's magnitude and a measure of surface bright-
ness (magnitude/FWHM 2). In this magnitude-
`surface brightness' plane (shown in the bottom
panels of Figure 3) the compact bright objects
populate a narrow track of high surface bright-
ness and bright magnitudes which is well separated
from the heavily populated lower surface bright-
ness distribution occupied by candidate galaxies,
at least for magnitudes brighter than 23.5. This
classi�cation begins to break down at magnitudes
fainter than this limit. Objects lying along this
narrow track are 
agged as stars and excluded
from the sample used to generate extraglactic
source counts.

The upper two panels of Figure 3 are often used
to perform star galaxy separation: the top panel
shows the SExtractor classi�er and the middle a
ratio of the core to total magnitude. Stars are
seen to primarily lie at SExtractor classi�cations
close to 1 and follow a tight correlation on the
core:total magnitude panels. However, we chose
to use the measure of brightness as our preferred
indicator as it gave a cleaner cut at faint magni-
tudes (m > 23) without removing too many galax-
ies from the sample, that is likely with the SEx-
tractor classi�er and di�cult with the core:total
indicator. Stars are marked on this diagram by a
diamond, the remaining objects are considered for
the extragalactic source counts. R and B -band
di�erential number counts are presented in Fig-
ure 4 and are consistent with published data. The
N(m) relation indicates the catalogue to be com-
plete (> 90%) for R < 24:0 and B < 24:5, the
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catalogue however contains galaxies down to 26th
magnitude in both bands. The completeness level
of the di�erential counts with respect to Euclidean
extrapolations is 55.18% forR = 24:5 and 48.54%
for B = 25:0.

The formal magnitude limit of the images, mea-
sured from the noise in random 0.800 diameter
apertures placed on blank regions isR=25.30,
25.16 (WF, ST) for a 3� detection. This is also
consistent with the images being highly complete
at R = 24. The B -data reaches 25.18 (WF) and
23.97 (ST, 200aperture | due to the poorer see-
ing).

The �nal photometric catalog is given in Table 1
of Glazebrook et al.

2.3. Spectroscopic Sample Selection

Having established the completeness of our
catalogues we decided to make a purely magni-
tude limited catalog, simply selected asR < 24,
for spectroscopic follow-up. At this magnitude
we have shown the number-magnitude counts of
galaxies to be still increasing as a power-law indi-
cating & 90% source completeness. For simplicity
we made no attempt to use our imaging star-
galaxy separation to select targets as we �nd at
these faint magnitudes galaxies overwhelmingly
dominate stars. R = 24 was somewhat deeper
than we expected to reach with spectroscopy even
under the best conditions, however we expected
to go deeper for objects with strong emission lines
and we also desired a high surface density to test
the `microslit' spectroscopy technique so our �nal
strategy was to observe a lot of objects and toler-
ate a lower completeness. The �nal list of objects
that made it on to the slit-mask was based solely
on geometrical considerations.

Finally we note that the spectroscopic selec-
tion was done on a preliminary version of the �-
nal astrometric and photometric table presented
in Glazebrook et al. We �nd that the positions
and magnitudes reproduce well between the pre-
liminary catalog and the �nal version. The RMS
magnitude di�erence ranges from 0.05 mags at the
bright end (R < 20) to 0.2 mags for the full spec-
troscopic sample due to di�erences in magnitude
systems used and statistical noise. The mean shift
is < 0:03 mags over this range. The coordinate
centroids reproduce to< 0:4 arcsec.
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Field Centre Band Nexp Texp Total Exp Seeing Mean Airmass Photom. Conditions
J2000 /s /s 00

WFPC2 22h32m56.3s -60� 3200300 R 8 450 3600 0.8 1.46 photom
B 4 450 1800 0.8 1.17 photom

STIS 22h33m39.6d -60� 3200200 R 8 450 3600 0.8 1.25 photom
B 4 450 1800 2.2 non-photom

Table 1: AAT prime-focus pre-imaging: observation parameters and conditions.

Fig. 1.| Figure depicting follow-up imaging surveys of the H DFS. The extent of the AAT images is shown
in black. The bright star HD 213479 which causes stray light in the AAT �elds can also be seen.
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Fig. 2.| Figure depiciting the AAT R and B images zoomed in on and compared with the HST WFPC2
and STIS images.
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Fig. 3.| Star-galaxy separation diagrams plotted against m agnitude for R band AAT-WF image (left)
and B band AAT-WF image (right). Top: SExtractor Class (1 = starli ke). Middle: ratio of core to total
magnitude. Bottom: Brightness measure. Objects �nally classi�ed as stars based on the imaging are marked
with diamonds.
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Fig. 4.| Di�erential galaxy number counts for the AAT HDF-S c atalogues (WFPC2 pointing) with pub-
lished deeper counts overplotted. a)R band counts b) B band counts. Incompleteness sets in around 25th

magnitude and is quanti�ed in the text.
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