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ABSTRACT

We report on the AAT-AAOmega LRG Pilot observing run to establish the feasibility of a
large spectroscopic survey using the new AAOmega instrument. We have selected luminous
red galaxies (LRGs) using single epoch SDSS riz-photometry to i < 20.5 and z < 20.2. We have
observed in three fields including the COSMOS field and the COMBO-17 S11 field, obtaining
a sample of ∼600 redshift z � 0.5 LRGs. Exposure times varied from 1–4 h to determine
the minimum exposure for AAOmega to make an essentially complete LRG redshift survey
in average conditions. We show that LRG redshifts to i < 20.5 can be measured in ≈1.5 h
exposures and present comparisons with 2SLAQ and COMBO-17 (photo)redshifts. Crucially,
the riz selection coupled with the three to four times improved AAOmega throughput is
shown to extend the LRG mean redshift from z = 0.55 for 2SLAQ to z = 0.681 ± 0.005
for riz-selected LRGs. This extended range is vital for maximizing the signal-to-noise ratio
for the detection of the baryon acoustic oscillations (BAOs). Furthermore, we show that the
amplitude of LRG clustering is s0 = 9.9 ± 0.7h−1 Mpc, as high as that seen in the 2SLAQ
LRG Survey. Consistent results for this clustering amplitude are found from the projected
and semi-projected correlation functions. This high amplitude is consistent with a long-lived
population whose bias evolves as predicted by a simple ‘high-peak’ model. We conclude
that a redshift survey of 360 000 LRGs over 3000 deg2, with an effective volume some four
times bigger than previously used to detect BAO with LRGs, is possible with AAOmega in
170 nights.

Key words: surveys – galaxies: statistics – cosmology: observations – large-scale structure
of Universe.

1 I N T RO D U C T I O N

Large-scale structure (LSS) studies are one road into investigat-
ing ‘Dark Energy’ (DE) and its potential evolution (e.g. Blake &
Glazebrook 2003; Seo & Eisenstein 2003, 2005, 2007; Angulo
et al. 2008). This has been powerfully demonstrated by recent re-
sults from the luminous red galaxy (LRG) Sloan Digital Sky Survey
(SDSS) (e.g. Eisenstein et al. 2005; Tegmark et al. 2006; Percival
et al. 2007a,b) and indeed the 2dFGRS (Cole et al. 2005). LRGs
are predominantly massive early-type galaxies and are intrinsically
luminous (�3L∗) (Eisenstein et al. 2003; Loh & Strauss 2006; Wake
et al. 2006). They are strongly biased objects, having values of b ∼
2, (Padmanabhan et al. 2007) where b is the linear bias and relates,

�E-mail: Nicholas.Ross@durham.ac.uk

in the linear regime, the underlying mass density distribution to that
of the luminous tracers via δg = b δm. As such and coupled to their
very clean and efficient selection, LRGs are excellent tracers of LSS
and can be used as cosmological probes. Eisenstein et al. (2005),
Tegmark et al. (2006), Hütsi (2006), Percival et al. (2007a) and
Percival et al. (2007b) use positions and spectroscopic redshifts
from the SDSS LRG Survey in order to accurately measure the cor-
relation function and the power spectrum. Specifically, a detection
of the baryon acoustic oscillations (BAOs) in the galaxy distribu-
tion is made. BAOs in the galaxy distribution are caused by sound
waves propagating through the baryon-photon plasma in the early
(z > 1100) Universe. At recombination, these sound waves are
‘frozen’ into the distribution of matter at a preferred scale (see e.g.
Eisenstein & Hu 1998; Meiksin, White & Peacock 1999; Yamamoto
et al. 2006; Eisenstein, Seo & White 2007, for further BAO details).
With measurements of the BAOs now starting to appear feasible,
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there is a push to carry out large galaxy surveys at higher redshift,
with the primary goal of tracking the evolution of dark energy and
the related equation of state parameter, wDE(z), over cosmic time.
As such, several new galaxy redshift surveys have been proposed.
One possibility is to use the AAOmega spectrograph at the AAT to
make a spectroscopic redshift survey of high redshift LRGs based
on both SDSS Equatorial imaging, as well as new imaging from the
2.6m VLT Survey Telescope (VST). AAOmega retains the fibre-
fed multi-object capability across a wide field-of-view from the old
2dF instrument but the top-end spectrographs have been replaced
with a new single bench mounted spectrograph, with a red and a
blue arm. Sharp et al. (2006) gives complete instrument details. In
this paper we present the results from an AAOmega LRG redshift
survey. Although the primary driver for this survey is as a ‘Pilot’
study to investigate the nature of dark energy at high redshift via
the BAOs, there are also several other areas of interest. By com-
paring clustering results at 1 < r < 10h−1 Mpc scales from low
(z < 0.4), intermediate- (z = 0.55), and high-redshift (z ∼ 0.7) LRG
studies (Zehavi et al. 2005; Ross et al. 2007, and this study, respec-
tively) we can begin to learn about the formation and evolution of
the most massive galaxies, and hence, potentially the most massive
dark matter haloes, from high redshift.

The layout of this paper is as follows. In Section 2, we describe the
selection criteria used to select our high redshift LRGs. In Section 3,
we give a brief overview of the instrument set-up used and report
on the redshift statistics for our survey, including example spectra.
In Section 4, we present our clustering results and in Section 5 we
discuss our results in the context of other recent results using a
simple halo occupation distribution (HOD) model. We conclude in
Section 6. We assume a flat � cold dark matter (�CDM) cosmology,
with (�m, ��) = (0.3, 0.7) throughout, unless otherwise explicitly
stated. We quote distances in terms of h−1 Mpc, where h is the
dimensionless Hubble constant such that H0 = 100h km s−1 Mpc−1.

2 SDSS LR G SELECTION

At its heart the AAOmega LRG Pilot relies on single-epoch pho-
tometric data from the SDSS (York et al. 2000; Gunn et al. 2006)
to provide targets for the recently commissioned AAOmega instru-
ment on the 3.9-m Anglo-Australian Telescope (AAT).

The target selection was designed to select high-redshift LRGs
out to z � 1 with a mean redshift of z � 0.7. Using the SDSS Data
Release 4 (DR4; Adelman-McCarthy et al. 2006), we extracted
photometric data for objects classified as galaxies. Three different
selections were then applied to the downloaded data, with the selec-
tions being designed to recover a target sky density of ∼90 objects
per square degree.

First, we repeat the gri-band based selection that was used in the
2SLAQ LRG Survey. We will not repeat the full selection criteria
here (the reader is referred to Cannon et al. 2006 for further details)
but note that LRGs are selected in the (g − r) − (r − i) colour–
colour plane with 17.5 < ideV < 19.8, where ideV is the i-band de
Vaucouleurs magnitude.

Now with the aim of measuring significantly higher redshifts than
the 2SLAQ LRG Survey (z̄2SLAQ = 0.55), two further selections
were carried out, this time in the (r − i) − (i − z) colour–colour
plane. The first riz-selection had objects in the magnitude range
19.8 < ideV < 20.5, while the second riz-selection had objects
in the magnitude range 19.5 < z < 20.2, where z is the SDSS
‘Model’ magnitude (Fukugita et al. 1996; Stoughton et al. 2002).
These magnitude ranges were based on experience gained from the
2SLAQ LRG Survey as well as the expected performance of the new

AAOmega instrument, such that LRGs with a significantly higher
redshift than the previous survey could be selected and observed in
a relatively short exposure (∼1.5 hours). Within these two riz-band
selections, objects were assigned different observational priorities.
The line ‘e‖’ was defined (continuing on from, but not directly
related to c‖ in Eisenstein et al. 2001 and d‖ in Cannon et al. 2006)
as

e‖ = (i − z) + 9

7
(r − i) ≥ 2.0. (1)

and is used to define a boundary in the riz-plane. (All colours
reported here, such as those given in equation (1), are again based on
‘Model’ magnitudes). A higher priority riz-plane cut was imposed
with

0.5 ≤ (r − i) ≤ 1.8, (2)

0.6 ≤ (i − z) ≤ 1.5, (3)

e‖ ≥ 2.0. (4)

The lower priority cut has

0.2 ≤ (i − z) ≤ 0.6, (5)

x ≤ (r − i) ≤ 1.8, (6)

where x was the smaller of e‖ and 1.2 at the given (i − z). These
cuts can be seen in Fig. 1 where the two priorities are shown by

Figure 1. The selection of z ∼ 0.7 LRGs using the SDSS riz-bands. The
(red) dots are objects with confirmed spectroscopic redshifts for both the
19.8 < ideV < 20.5 and 19.5 < z < 20.2 magnitude selections. The tracks
are Bruzual & Charlot models, details given in the text with the solid (cyan)
line being a ‘single burst’ model and the dashed (magenta) line having being
a τ = 1 Gyr model. The diagonal lines are e‖ = 2.0. The area labelled ‘A’ in
the top right-hand redshift z < 0.5 panel gives the colour–colour space for
the higher priority sample, while area ‘B’ is for the lower priority sample.
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Table 1. The three AAOmega LRG Pilot fields. The fourth column gives the number of 1200-s exposures on the five consecutive nights of the pilot run, 2006
March 3–7. Note that the nine exposures taken in the S11 field on the night of 2006 March 7 targeted objects which had a z-band magnitude selection of
19.5 < z < 20.2.

Field name RA (J2000) Dec. (J2000) Number of exposures Average seeing (arcsec) Average airmass

COSMOS 10h 00m 28.s6 02d 12m 21.0s 0+7+0+6+0 – 2.0 – 3.0 – – 1.39 – 1.27 –
COMBO-17 S11 11h 42m 58.s0 −01d 42m 50.0s 2+6+4+0+9 2.0 1.8 1.7 – 1.9 1.15 1.19 1.21 – 1.19
2SLAQ d05 13h 21m 36.s0 −00d 12m 35.0s 8+0+0+5+0 1.9 – – 1.6 – 1.22 – – 1.19 –

Table 2. Redshift statistics for the AAOmega LRG Pilot run. These statistics are for the total exposure times as given in Table 1.

Field selection COSMOS COMBO-17 S11 2SLAQ d05 Survey
gri i < 20.5 All gri i < 20.5 z < 20.2 All gri i < 20.5 All Total

Spectra Obtained 98 223 321 70 262 271 603 68 278 346 1270

Qop ≥ 3 71 129 200 61 163 143 367 57 180 237 804

LRGs 67 89 156 55 119 80 254 50 127 177 587

the regions marked A and B. The two evolutionary tracks in Fig. 1
the stellar population synthesis code based on Bruzual & Charlot
(2003). The solid line being a ‘single burst’ model, where star
formation occurs in a single instantaneous burst at high redshift
and then has the stellar population evolving passively. The dashed
line on the other hand is based on a model with continuous star
formation, with the time-scale of star formation given as τ = 1
Gyr, where τ is a decay constant in that the star formation rate
is ∝ exp−t/τ . Both models assume a Salpeter IMF (Salpeter 1955)
with solar metallicity and a galaxy formation redshift of zform = 10.
The evolutionary tracks start near (r − i) = (i − z) = 0.4 for zero
redshift, turn upwards near (r − i) = 1.3 corresponding to redshift
z = 0.7 and then turn down again near (i − z) ∼ 1.1 corresponding to
redshift z = 1.0. These turning points correspond to the Ca II H+K
4000 Å break moving into the i and z bands, respectively. The solid
circles show the colour evolution at redshift z = 0.0, 0.5, 1.0 and
1.5.

3 AAOM EGA SPECTROSCOPY

3.1 Observational details

Observations were made on the nights of 2006 March 3 to March 7
inclusive; the first three nights were Dark nights, the last two were
Grey nights. Of these nights, a total of approximately two were lost
to cloud and seeing was frequently poor on the others (see Table 1).
We observed in three fields, with a total area of �10 deg2, including
the COSMOS field (Scoville et al. 2007), the COMBO-17 S11 field
(Wolf et al. 2003) and a previously observed 2SLAQ Survey field,
d05 (Cannon et al. 2006), the coordinates of which are also given
in Table 1. For reference, the COSMOS Survey has an area of
2 deg2, the COMBO-17 S11 field is 0.26 deg2 in coverage,
while the 2SLAQ LRG Survey has an effective area of 135 deg2

(section 7.2, Cannon et al. 2006).
All data were taken with the same spectrograph set-up. The

5700-Ådichroic was used. For the red arm spectrograph, the 385R
grating was centred at 7625 Å; for the blue arm spectrograph the
580V grating was centred at 4800 Å. However, no blue arm data
was used in our analysis as the signal-to-noise ratio was low, as
expected for red galaxies.

Data reduction was performed using the 2dF data reduction
pipeline software, 2DFDR (Bailey, Heald & Croom 2005) and the
redshifts were derived using ZCODE developed by Will Sutherland

and others for the 2dFGRS Survey (Colless et al. 2001, and refer-
ences therein). The modifications to ZCODE originally made for the
higher redshift z ∼ 0.5 galaxies in the 2SLAQ LRG Survey were
retained. The final catalogue from the AAOmega LRG Pilot con-
tains 1270 unique galaxy spectra with 804 objects having reliable
‘Qop ≥ 3’1 redshifts, see Table 2. Out of these, 217 objects had M-
type stellar spectra leaving 587 high-redshift LRGs. The COSMOS
field contributed 156 LRGs out of 321 obtained spectra, the 2SLAQ
d05 field 177/345 and the S11 field 254/604. The greater number of
spectra obtained in S11 was due to the fact that objects in the field
were targeted not only with the 19.8 < i < 20.5 selection but also
with the 19.5 < z < 20.2 z-band selection.

We present the catalogue for the first 40 objects in ascending RA
in Appendix A, with the entire catalogue to be published online
with the publication of this paper. In the next Section we report in
more detail on the properties of the high-redshift LRGs.

3.2 Redshift completeness

The LRG redshift completeness statistics for each field can be cal-
culated from Table 2 for the full, ≈4 h, exposures and are given in
Table 3 for a subset of data using 1.67 h exposures. Our overall com-
pleteness was relatively low, compared to the 2SLAQ LRG Survey
(Cannon et al. 2006), but one of the main reasons for this was due
to the several technical issues associated with the new AAOmega
instrument, which have since been corrected. When checks were
made on the d05 field, we found that the redshift completeness
rates for our riz, 19.8 < ideV < 20.5 targets as estimated from ≈80
‘unfringed’ fibres were 90 ± 9 per cent in ≈4 h exposures, 84 ±
13 per cent in 1.67 h exposures in 1.6-arcsec seeing. Thus, using
the full number of sub-exposures we found no significant increase
in redshift completeness compared to a 1.67 h exposure, although
this may still be due to conditions varying within the 3 h expo-
sure time. However, our general conclusion is that with reasonable
seeing and transparency, we achieve 85–90 per cent redshift com-
pleteness in a 1.67 h exposure. We show a selection of spectra
from the subset of data taken in the d05 field in Fig. 2. The top

1 ‘Qop’ represents an integer redshift quality flag assigned by visual inspec-
tion of the galaxy spectrum and the redshift cross-correlation function. A
value of 3 or greater represents a >95 per cent confidence that the redshift
obtained from the spectrum is valid.
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Table 3. LRG percentage redshift completeness rates (Qop ≥ 3) as estimated
for �80 unfringed fibres between fibres 200–299 in a 1.67-h exposure
(stars excluded). Better observing conditions (d05) yield completenesses
consistent with 2SLAQ. Poorer observing conditions (S11 and COSMOS)
yield lower completeness. The COSMOS data had average airmass 1.4 plus
some cloud, as well as poorer seeing.

LRG sample/ d05 S11 COSMOS
field (seeing) (1.6 arcsec) (1.8 arcsec) (2.1 arcsec)

gri i < 19.8 (2SLAQ) 88 ± 19 70 ± 22 64 ± 24
riz 19.8 < i < 20.5 84 ± 13 60 ± 11 50 ± 9
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Figure 2. Examples of typical AAOmega spectra in 1.67-h exposures, from
the riz selected, 19.8 < i < 20.5 LRG sample. The top six panels show
spetra of confirmed, Qop ≥ 3 LRGs, with ranging magnitudes and redshifts.
The second bottom panel shows an unconfirmed, Qop < 3, spectrum, while
the bottom spectrum is for a confirmed stellar source.

six panels show spetra of confirmed, Qop ≥ 3 LRGs, with rang-
ing magnitudes and redshifts, including a high redshift confirmed
LRG at z ≈ 0.9. The second bottom panel shows an unconfirmed,
Qop < 3, spectrum, while the bottom spectrum is for a confirmed
M-star. The improved AAOmega throughput and sky subtraction
enables us to work further into the near-infrared, allowing us to
probe higher redshifts. Note the prominent Ca II H+K 4000 Å break
appears in all the confirmed spectra, as expected for an old stellar
population.

We also confirmed that the exposure time needed to obtain reli-
able redshifts of LRGs selected in the same manner as the 2SLAQ
survey (using a gri-band, i < 19.8 selection) was cut by a factor of
∼4 from the old 2dF instrument. We note from Table 3 that at least
in the more reasonable observing conditions for the d05 field that

Figure 3. The N(z) of Qop ≥ 3 LRGs from the AAOmega LRG Pilot
Run, showing that 0.5 ≤ z ≤ 0.9 can be readily selected using SDSS
riz photometry. The dotted (blue) histogram shows the distribution for the
ideV < 19.8 gri-selection, while the solid (red) and the dashed (cyan) his-
tograms show the riz selections with 19.8 < ideV < 20.5 and 19.5 < z <

20.2, respectively. We also plot the polynomial fit (red line) that is used
to model the N(z) distribution for the riz, 19.8 < ideV < 20.5 selection in
Section 4.2.

the completeness of the 1.67-h LRG sample is consistent with the
high, 90 per cent, completeness achieved for 2SLAQ LRGs.

3.3 Redshift distribution

The raison d’être of the AAOmega LRG Pilot run was to test if
we could readily select z ∼ 0.7 LRGs using single-epoch SDSS riz
photometry. As can be seen in Fig. 3, where we plot the redshift
distributions for confirmed Qop ≥ 3 LRGs, this proved feasible. The
mean redshift of our 19.8 < ideV < 20.5 magnitude sample was
z = 0.681 ± 0.005, with a strong tail out to redshift z = 0.8 and
indeed some objects at z = 0.9. We found that there was no major
difference between the samples with different priorities (areas ‘A’
and ‘B’ in Fig. 1). Also shown in Fig. 1 are the riz-band colours for
the objects with spectroscopically confirmed redshifts. When the
magnitude limits applied were changed from 19.8 < ideV < 20.5 to
19.5 < z < 20.2, the mean redshift increased to z = 0.698 ± 0.015.
The mean redshift for our gri band, 17.7 < ideV < 19.8 selection
was very comparable to the 2SLAQ LRG Survey at z = 0.578 ±
0.006.

However, since we found that even though we were able to obtain
LRG spectra for z < 20.2 objects from SDSS single-epoch imaging
(and get the increase in redshift one might expect based on galaxy
colours from evolutionary models), we find that the completeness of
this sample dropped significantly and longer, ≥2 hours, exposures
would be required in order to obtain Qop ≥ 3 redshifts. This is not
surprising considering that with a z < 20.2 magnitude limit, we are
selecting objects with ideV ∼ 20.8 given a (i − z) colour of ∼0.6
(as seen in Fig. 1). Thus for the remainder of this analysis, and the
eventual strategy for a large LRG-BAO Survey, we only consider
objects with 19.8 < ideV < 20.5.

As can be seen from Table 2, a significant fraction (27 per cent)
of our Qop ≥ 3 objects were M-type stars. However, as shown in
Fig. 4, a posteriori checking shows that we can reject 40 per cent
of these stars using a star-galaxy separation in the z band, rather
than the standard SDSS separation performed in the r band. The
stellar contamination drops to 16 per cent, with very few high-
redshift galaxies being lost. Employing near-infrared imaging data,

C© 2008 The Authors. Journal compilation C© 2008 RAS, MNRAS 387, 1323–1334

 at O
xford Journals on Septem

ber 19, 2013
http://m

nras.oxfordjournals.org/
D

ow
nloaded from

 

http://mnras.oxfordjournals.org/


LRG clustering at z � 0.7. 1327

Figure 4. Star–galaxy separation using SDSS z-band magnitudes. All ob-
jects with Qop ≥ 3 and 19.8 < ideV < 20.5 are shown, with objects having
stellar spectra plotted as (red) stars and objects having high-redshift LRG
spectra plotted as (black) open squares. The ordinate gives the difference
between the ‘PSF’ and ‘Model’ z-band magnitudes as given from the SDSS
DR4 imaging.

Figure 5. COMBO-17 photometric redshifts versus AAOmega spectro-
scopic redshifts. The solid line is the 1:1 relation. The insert shows the
histogram of �z = zspec − zphot for AAOmega and COMBO-17 redshifts,
respectively.

specifically a J − K > 1.3 cut, would dramatically reduce the stellar
contamination further, to the levels of a few per cent.

3.4 2SLAQ, COMBO-17 and AAOmega comparison

In Fig. 5, we show a comparison between the spectroscopic redshifts
we recorded from our AAOmega observations and those measured
photometrically by the Classifying Objects by Medium-Band Ob-
servations (COMBO-17) survey (e.g. Wolf et al. 2003; Bell et al.
2004; Phleps et al. 2006). As can be seen, the 43 common pho-
tometric and spectroscopic redshifts match extremely well for the
objects for which we have secure redshifts (Qop ≥ 3). There seems
to be a slight trend for the photometric redshifts to underestimate
the spectroscopic redshift. Why this is the case is not well under-
stood. Excluding five ‘catastrophic failures’, where |�z| ≥ 0.2, the
average offset between the COMBO-17 photometric and AAOmega
spectroscopic redshifts is �z = 0.026 ± 0.005, in the sense that
COMBO-17 redshifts are too small. There are three spectroscop-
ically confirmed stars that COMBO-17 classified as redshift z ∼
0.7 galaxies.

Figure 6. The AAOmega LRG Pilot angular correlation function, w(θ ), is
given by the solid (blue) triangles. 2326 objects were used with magnitudes
in the range 19.8 < ideV < 20.5. The solid (black) line is a estimation of
w(θ ) given our redshift distribution and projecting using Limber’s Formula,
with the associated r0 and γ jackknifed values given in Table 5.

Table 4. Details of the 2dF fields that were used for the w(θ ) measurements.
Note, d05 was also used and details of this field are given in Table 1. All six
fields were observed by the 2SLAQ Survey.

Field name RA (J2000) Dec. (J2000)

2SLAQ c05 12h 38m 18s −00 12 35
" c07 12h 47m 54s −00 12 35
" d07 13h 31m 12s −00 12 35
" e01 14h 34m 00s −00 12 35
" e03 14h 42m 48s −00 12 35
" c07 12h 47m 54s −00 12 35

We also compare the spectroscopic redshifts measured by
AAOmega with those obtained in the 2SLAQ LRG Survey. We
find, for the Qop ≥ 3 LRGs common in both, the mean �z = 8.4 ×
10−4 with the spread on the difference in redshifts being 1.24 ×
10−3, that is, 370 km s−1. If the error is split evenly between
the two surveys, then the error on AAOmega LRG redshifts is
± 370/

√
2 = ±260 km s−1.

4 LRG CLUSTERI NG RESULTS

4.1 AAOmega LRG angular correlation function, w(θ )

Using the procedure described by Ross et al. (2007), the projected
angular correlation function, w(θ ), for the AAOmega LRG Pilot
Survey is presented in Fig. 6. The solid (blue) triangles are for
the measurements made utilizing the ‘Input Catalogue’ from which
objects were selected as potential high-redshift LRG candidates.
Approximately, 2300 objects were used in this measurement from
six fields that were observed by the 2SLAQ Survey, each π deg2

in area. All these objects were potential targets having passed the
riz-cuts discussed above. Field centres of the six fields are given
in Table 4. It should also be noted that the star-galaxy separation
discussed above was applied to this input sample. The error bars
associated with the AAOmega LRG w(θ ) measurement are field-to-
field errors (see Ross et al. 2007) and do not take into account the fact
that the clustering measurements are correlated and therefore, the
errors on these points should only be regarded as indicative. When
we come to calculate the errors on the fitted power-law parameters,
defined in equation (7), we perform a jackknife analysis on our
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Table 5. The values of r0 and γ for the 2SLAQ LRG Survey and AAOmega
LRGs. Note that rb = 1.5h−1 Mpc for the 2SLAQ LRGs, while rb =
1.0h−1 Mpc for AAOmega LRGs. Also note that due to improved implemen-
tation of Limber’s formula and more accurate binning, the values given here
for r0 and γ for the 2SLAQ LRG Survey from Limber’s Formula supersede
those given by Ross et al. (2007).

2SLAQ LRG AAOmega LRG

r0,ss/h
−1 Mpc 5.47 ± 0.40 5.0 ± 0.34

γ ss 2.16 ± 0.07 2.28 ± 0.04

r0,ls/h
−1 Mpc 8.0 ± 0.8 10.2 ± 0.7

γ ls 1.67 ± 0.07 1.58 ± 0.09

measurements in the attempt to take into account these covariances.
This involves removing one field at a time from our sample and re-
computing and refitting the angular correlation function, weighting
by the number of DR pairs. As such, we present these jackknife
errors for our measurements in Table 5.

A single power law, of the form

ξ (r) =
(

r

r0

)−γ

, (7)

where r0 is the correlation length and γ the power-law slope, has
traditionally been fitted for the 3D correlation function for galaxies,
ξ , and from which the relation

w(θ ) = Aθ 1−γ , (8)

where A is amplitude, can be derived for the angular correlation
function (e.g. Peebles 1980). However, as was also found by Ross
et al. (2007) for the 2SLAQ LRG w(θ ), here we find that a double
power-law model is required to fit the present measurement. Follow-
ing that work, we use Limber’s Formula (see Phillipps et al. 1978)
to relate the 3D correlation function to the our measured w(θ ). A
double power law of the form

ξ (r) =
{

(r/r0,ss)−γss r � rb and

(r/r0,ls)−γls r > rb

(9)

where ‘ss’ and ‘ls’ stand for small scales and large scales, respec-
tively, is assumed and calculated from Limber’s formula. The cal-
culated values for r0 and γ are given in Table 5, where we fit over
the range 0.1 < θ < 40.0 arcmin and note that rb = 1.5h−1 Mpc for
the 2SLAQ LRGs, while rb = 1.0h−1 Mpc for AAOmega LRGs. We
also note that due to improved implementation of Limber’s formula
and more accurate binning, the values given here for r0 and γ for
the 2SLAQ LRG Survey from Limber’s Formula supersede those
given by Ross et al. (2007).

From Table 5, we can see that the w(θ ) measurement for the
AAOmega high-redshift data is comparable to the z = 0.55 data from
the 2SLAQ LRG survey. At small scales, the observed AAOmega
w(θ ) slope is nearly equal to the 2SLAQ LRG measurement, while
at large-scales, the AAOmega slope is slightly shallower than the
2SLAQ LRGs: γ = 1.58 ± 0.09 for AAOmega compared to
γ = 1.67 ± 0.07 for 2SLAQ. However, given the associated er-
rors, the two measurements are in very good agreement. We leave
further analysis of the angular correlation function as reported here
to Sawangwit et al. (in preparation) who will investigate the evi-
dence for a double power-law feature in a much larger LRG sample.

Given the AAOmega LRG Pilot N(z) (Fig. 3) and using
Limber’s Formula, the AAOmega w(θ ) amplitude is expected to
be 13 per cent lower than the 2SLAQ LRG amplitude if there is no
clustering evolution in comoving coordinates. Thus, in terms of the

overall amplitude, this reinforces the impression given in Table 5
that AAOmega LRGs have a large-scale amplitude which is at least
as high as the 2SLAQ LRGs. This finding is further backed up by
measurements of the projected correlation function, wp(σ ). We do
not present our wp(σ ) results here, but note that our best fitting (sin-
gle) power law to this data has an amplitude r0 = 9.0 ± 0.9h−1 Mpc
and slope γ = 1.73 ± 0.08 over the scales 1.0 < σ/h−1 Mpc < 40.0
(where σ is the separation across the line-of-sight).

4.2 Redshift–space correlation function, ξ (s)

Using the spectroscopic redshift data, we obtained in the
COSMOS, S11 and d05 fields, we now calculate the 3D redshift–
space correlation function, ξ (s). We use the minimum variance
estimator suggested by Landy & Szalay (1993) (proven to be an
optimum estimator by Kerscher, Szapudi & Szalay 2000) where

ξ (s) = 1 +
(

Nrd

N

)2 DD(s)

RR(s)
− 2

(
Nrd

N

)
DR(s)

RR(s)
(10)

and DD, DR and RR are the number of data–data, data–random
and random–random pairs at separation s, respectively. We use bin
widths of δ log(s/h−1 Mpc) = 0.2 and the number density of random
points was 20 times that of the LRGs.

The random catalogue was made taking into account the angu-
lar incompleteness and the radial distribution of the objects in this
Pilot. For each 2dF field, we constructed a ‘quadrant bullseye’ angu-
lar mask which consisted of five concentric rings divided into four
quadrants. Using both the input catalogue and the 2dF instrument
configuration positions, a completeness map was made in each of
the 20 sectors. These completenesses then went into mimicking
the angular selection function, from which a random catalogue was
generated. Corrections for fibre collisions on small, �30 arcsec,
scales were made by taking the ratio of the input catalogue w(θ )
to the observed redshift catalogue w(θ ), as described by Ross et al.
(2007). The radial distribution was described by a high-order poly-
nomial fit (shown as the red curve in Fig. 3) to the AAOmega N(z)
for the 335 19.8 < i < 20.5 selected LRGs given in Fig. 3. We also
note that for ease of modelling, we truncate the polynomial fit (and
thus the random radial distribution) at redshifts of z ≤ 0.50 and
z ≥ 0.90.

Fig. 7 shows our estimate of the 3D redshift–space correlation
function, ξ (s). Again, our error estimates are based on ‘field-to-
field’ errors. For ξ (s), we use a double power-law model of the
form given in equation (9), motivated by the fact that we expect
the small-scale correlation function to be smoothed bt the effect of
velocity dispersion (or ‘Fingers-of-God’) whereas at larger scales
we expect the correlation function simply to be boosted due to infall,
characterised by the parameter β = �0.6/b. We adopt the same
procedure as for w(θ ) and do a jackknife error analysis in order
to estimate the error bars on the best-fit double power-law model
parameters. We find that, s0,ss = 16.5 ± 4.0h−1 Mpc with γ ss =
1.09 ± 0.28 on scales s < 4.5h−1 Mpc and s0,ls = 9.9±0.7h−1 Mpc
with γ ls = 1.83 ± 0.35 on scales s > 4.5h−1 Mpc. The clustering
strength for the 19.8 < i < 20.5, riz-selected AAOmega LRGs is
again very comparable to the 2SLAQ LRG Survey, where sss =
17.3+2.5

−2.0h−1 Mpc and γ ss = 1.03 ± 0.07 on scales s < 4.5h−1 Mpc
and sls = 9.40 ± 0.19h−1 Mpc and γ ls = 2.02 ± 0.07 on scales
s > 4.5h−1 Mpc.

Using the model of Kaiser (1987), we can find the parameter β

via

ξ (s) = ξ (r)

(
1 + 2

3
β + 1

5
β2

)
. (11)

C© 2008 The Authors. Journal compilation C© 2008 RAS, MNRAS 387, 1323–1334

 at O
xford Journals on Septem

ber 19, 2013
http://m

nras.oxfordjournals.org/
D

ow
nloaded from

 

http://mnras.oxfordjournals.org/


LRG clustering at z � 0.7. 1329

Figure 7. The AAOmega LRG Pilot redshift–space Correlation Func-
tion ξ (s). The (blue) triangles are the measurements from the riz-selected
19.8 < ideV < 20.5 sample, which yielded 335 Qop ≥ 3 LRGs and the as-
sociated ‘Field-to-Field’ errors. The dashed (red) line is the redshift–space
correlation function from the 2SLAQ LRG Survey (Ross et al. 2007).

We use our power-law fit for ξ (r) and our large-scale power-law fit
to ξ (s) and find that the ratio ξ (s)/ξ (r) = 1.3 ± 0.3 corresponding
to a value of β � 0.4 at a scale of 8h−1 Mpc. This is not inconsistent
with the value β = 0.45 ± 0.05 found for the 2SLAQ LRGs, though
clearly the error bar is large. Nevertheless, for a reasonable value of
β, our values of s0 = 9.9 ± 0.7h−1 Mpc and r0 = 9.0 ± 0.9h−1 Mpc
appear consistent. These high clustering amplitudes clearly suggest
that at z � 0.7, LRGs remain very strongly clustered.

5 DISCUSSION

5.1 Clustering amplitudes and bias of LRGs at z � 0.7

Now that we have calculated the AAOmega LRG angular, projected,
and 3D redshift–space correlation functions we can use these mea-
surements to infer the physical properties of LRGs. Before pro-
ceeding to determine typical LRG halo masses using simple ‘halo
occupation’ models, we first compare the clustering amplitudes and
biases of the AAOmega LRGs with other LRG results, taking into
account the different redshift and luminosity ranges. For reference,
a summary of results of space densities, luminosity limits and clus-

Table 6. Values of s0 and r0 from the VST-AA� ATLAS LRG Pilot using the w(θ ) measurement, the fit to wp(σ ) and the ξ (s) calculation with s >

4.5h−1 Mpc. Values from the SDSS LRG Survey (−23.2 < Mg < −21.2), the 2SLAQ LRG Survey, MegaZ-LRG and the NDWFS are also given. Note that
due to redshift–space distortions and other non-linear effects, r0 will usually be smaller than s0.

Survey Mean redshift n/h3 Mpc−3 Luminosity h−1 Mpc γ Reference

AAOmega riz LRG 0.68 ∼2 × 10−4 �2L∗ r0 = 10.2 ± 0.7 1.58 ± 0.09 1
r0 = 9.0 ± 0.9 1.73 ± 0.08 2
s0 = 9.9 ± 0.7 1.83 ± 0.35 3

2SLAQ LRG 0.55 ∼2 × 10−4 �2L∗ s0 = 9.40 ± 0.19 1.98 ± 0.07 4, 5
r0 = 7.45 ± 0.35 1.72 ± 0.06 4, 5

SDSS LRG 0.28 9.7 × 10−5 ≥3L∗ s0 = 11.85 ± 0.23 1.91 ± 0.07 6
r0 = 9.80 ± 0.20 1.94 ± 0.02 6

MegaZ-LRG 0.63 5.6 × 10−5 �3L∗ r0 = 9.3 ± 0.3 1.94 ± 0.02 7
COMBO-17 0.6 4 × 10−3 ∼L∗ r0 = 5.39+0.30

−0.28 1.94 ± 0.03 8
NDWFS ∼0.7 ≈1 × 10−3 >1.6L∗ r0 = 6.4 ± 1.5 2.09 ± 0.02 9, 10

Notes. (1) This work, from w(θ ). (2) This work, from wp(σ ). (3) This work, from ξ (s). (4) Ross et al. (2007). (5) Wake et al. (2006). (6) Zehavi et al. (2005).
(7) Blake et al. (2008). (8) Phleps et al. (2006). (9) White et al. (2007). (10) Brown et al. (2008).

tering amplitudes from the AAOmega LRG, 2SLAQ LRG, SDSS
LRG, MegaZ-LRG, COMBO-17 and NDWFS surveys, is given in
Table 6. We note, however, that direct comparisons between clus-
tering results from surveys with different e.g. magnitude and colour
selections can be complex.

We have found that a two-power-law fit is consistent with
AAOmega w(θ ) data. The slopes of the AAOmega power-law fits
are both less than those for the 2SLAQ LRG Survey (Ross et al.
2007). This could be due to evolution with redshift but the errors
on the AAOmega w(θ ) are too large for this difference to be sig-
nificant. Certainly the large scale results from ξ (s) are perfectly
consistent with the two surveys having the same large-scale slope
and amplitude (see Fig. 7).

We further note that from both the fitting of Limber’s formula to
w(θ ) and describing wp(σ ) with a simple power law, we find the real-
space clustering amplitude of AAOmega LRGs is consistent with
that from the SDSS LRG Survey (Zehavi et al. 2005), though our
errors are large. Using our r0 estimate from wp(σ ), (which has the
smaller error and more closely matched power-law slope), we note
that AAOmega LRGs have a slightly lower clustering amplitude
than SDSS LRGs, r0 = 9.0 ± 0.9 versus 9.80 ± 0.20h−1 Mpc,
respectively. However, this is not surprising since SDSS LRGs have
a redder colour selection and higher luminosity, and this may explain
their higher clustering amplitude.

To calculate the value of the linear bias, b, for the AAOmega
LRGs, we use the integrated correlation function (Croom et al.
2005; da Ângela et al. 2008):

ξ20(r) = 3

r3
max

∫ rmax

0
ξ (r)r2dr, (12)

where we set rmax = 20h−1 Mpc since this is a large enough scale
for linear theory to apply and also, due to the r2 weighting, small-
scale redshift–space distortions should be negligible. We first cal-
culate the integrated mass correlation function using the σ 8 = 0.84
normalised �CDM model for P(k) from Smith et al. (2003) with
�m(z = 0) = 0.27. We find ξmass

20 = 0.12 at the 2SLAQ LRG mean
redshift z = 0.55 and ξmass

20 = 0.11 at the AAOmega LRG mean
redshift z � 0.70.

We then calculate the integrated galaxy correlation function as-
suming r0 = 7.45 ± 0.35h−1 Mpc and hold γ fixed at 1.72 for the
2SLAQ LRGs (Ross et al. 2007) and r0 = 9.03 ± 0.93h−1 Mpc,
γ = 1.73 for AAOmega LRGs. We find that b2SLAQ = 1.90 ±
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Table 7. A comparison between the effective volumes probed by two AAOmega-based BAO Surveys, one using LRGs and one using ELGs. We assume a
factor of 1.5 between the clustering amplitudes of LRGs and ELGs. The second last column is an effective volume ratio for 360 000 LRGs over 3000 deg2 with
70–90 per cent completeness (1.5-h exposures per field) versus 400 000 ELGs over 1000 deg2 (1-h exposure) with 80 per cent completeness both assuming
9 h nights. This gives a total observing requirement of 167 nights for LRGs and 123 nights for ELGs, implying the effective volume ratios given in the sixth
column. The last column is the effective volume ratio assuming the same number of nights for both projects.

Scale ELG LRG Veff LRG/Veff ELG
k/h Mpc−1 P/h−3 Mpc3 Veff/h−3 Gpc3 P/h−3 Mpc3 Veff/h−3 Gpc3 167/123 nights Equal number of nights

0.02 6.7 × 104 1.1 1 × 105 1.9 1.7 1.3
0.05 2.7 × 104 0.82 4 × 104 1.4 1.7 1.3
0.15 6.7 × 104 0.42 1 × 104 0.61 1.5 1.1

0.08 and bAAOmega = 2.35 ± 0.22, where b = (ξ 20/ξmass,20)1/2.
The value of b2SLAQ = 1.90 ± 0.08 is higher, but consistent
with that found by Ross et al. (2007), who found b2SLAQ =
1.66 ± 0.35, from z-space distortion analysis, and we suggest
the error presented here may be an underestimate since γ is be-
ing held at a fixed value. The value of bAAOmega = 2.35 ± 0.22
is higher than for the 2SLAQ LRGs, but the large error
on the AAOmega result means there may be no inconsis-
tency here. However, our value of bAAOmega = 2.35 ± 0.22
is even higher than that reported for the SDSS LRGs at lower
redshifts, who report values of b ≈ 1.8 (Padmanabhan et al. 2007).
Although an increase in bias is expected due to the higher redshift
of the AAOmega sample, the effect is larger than predicted espe-
cially taking into account the bluer AAOmega selection. However,
again the large error on bAAOmega renders this difference statistically
insignificant.

To see what sort of consistency with 2SLAQ might be expected,
we can predict the value of b at redshift z = 0.7 by utilizing
the values measured by 2SLAQ at lower redshift, b(z = 0.55) =
1.66 ± 0.35, and the bias evolution model given by Fry (1996) and
Croom & Shanks (1996):

b(z) = 1 + [b(0) − 1]G(�m(0), ��(0), z). (13)

Here, G(�m(0), ��(0), z) is the linear growth rate of the den-
sity perturbations (Peebles 1980, 1984; Carroll, Press & Turner
1992). There are many other bias models, but here we are fol-
lowing Ross et al. (2007, and references therein) by making the
simple assumptions that galaxies formed at early times and their
subsequent clustering is governed purely by their discrete motion
within the gravitational potential produced by the matter density
perturbations. This model would be appropriate, for example, in a
‘high-peak’ biasing scenario where early-type galaxies formed at
a single redshift and their comoving space density then remained
constant to the present day.

Thus, assuming a growth rate of G(0.3, 0.7, z), to relate ξmm(z =
0.55) to ξmm(z = 0.7), we therefore expect ξ gg(z = 0.7) = 0.94 ξ gg

(z = 0.55) from this model. From Table 6, the r0 values between
2SLAQ and AAOmega LRGs are consistent, although the errors
on the AAOmega r0 measurement are big. However, the errors on
ξ (s) are smaller, and even here, the s0 values agree to within the
errors (see also Fig. 7). The consistency of the clustering results
is expected, since the 0.7 mag deeper 19.8 < ideV < 20.5 selec-
tion was based on experience from the 2SLAQ LRG Survey and
primarily designed to select similarly highly biased red galaxies at
redshift z � 0.7. We conclude that the LRG correlation function
amplitudes are similar at redshifts z ≈ 0.55 and z ≈ 0.7 and that
there is still no inconsistency with the simple bias model where
the comoving density of LRGs are assumed to be constant with
redshift.

5.2 Predictions of halo occupation models

An alternative approach to interpreting our measured level of clus-
tering is to use the halo occupation model, in which the galaxy field
is taken to be a superposition of contributions from dark-matter
haloes, weighted by the number of galaxies per halo, N(M). This
methodology is commonly referred to as a ‘HOD’ model and was
used recently by Phleps et al. (2006) to model the projected cor-
relations in the COMBO-17 survey. We apply exactly the same
method as described in that paper to model our AAOmega data,
specifically for our wp(σ ) measurement. Again we adopt a stan-
dard matter power spectrum, with �m = 0.3, �b = 0.045,h = 0.73,
σ 8 = 0.85, and a scalar spectral index of 0.97. The occupation
model is the simplest possible: N(M) = (M/Mmin)α for M > Mmin.
These two free parameters are reduced to one if the model is also
required to match the number density of LRGs, which is approxi-
mately 0.0002 h3 Mpc−3.

Realistic occupation models will be more complicated than this
simple power-law form, but Phleps et al. argue that the results
can be expressed quite robustly in terms of an effective halo
mass – that is, the average halo mass weighted by the number of
galaxies. For our current data, the occupation parameters that best
match the clustering measurements are α � 0.7 and Mmin � 2 ×
1013h−1 M�. These imply an average halo mass for the AAOmega
LRGs at z � 0.7 of Meff � 7 × 1013h−1 M�. Reasonably enough
for particularly rare and luminous galaxies such as those studied
here, this mass is somewhat larger than the figure found by Phleps
et al. for the COMBO-17 red-sequence galaxies at z � 0.6, which
was Meff � 1.6 × 1013h−1 M�, using the same methodology. Our
AAOmega figure for Meff is in fact almost identical to the average
mass deduced for z = 0 red-sequence galaxies in SDSS. Of course,
this coincidence does not imply any direct correspondence between
these populations: the haloes that host our z � 0.7 LRGs may have
become much more massive by the present.

Blake, Collister & Lahav (2008) calculate the LRG angular cor-
relation function using the ‘MegaZ-LRG’ galaxy data base, which
is a large photometric-redshift catalogue of LRGs extracted from
the SDSS imaging data (Collister et al. 2007). They then success-
fully model the observations using a HOD model with a ‘central’
galaxy contribution and a ‘satellite’ galaxy component. Noting that
comparison of results are strongly dependent on the overall nor-
malization of the power spectrum, σ 8, we compare our effective
mass value for the AAOmega LRGs at z � 0.7 of Meff � 7 ×
1013h−1 M� (σ 8 = 0.85) to that of the highest redshift bin by Blake
et al. (2008) of 0.6 < z < 0.65 and find their Meff = 9.5 ± 0.7 ×
1013h−1 M� (σ 8 = 0.8) to be ∼30 per cent larger than our effective
mass estimate. However, after further analysis these authors have
revised their Meff estimates (C. Blake, private communication) and
we await comparisons to their new results.
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White et al. (2007) and Brown et al. (2008) have used data from
the 9-deg2 Boötes field, which has been imaged in the optical and
infrared as part of the NOAO Deep Wide Field Survey (NDWFS;
Jannuzi & Dey 1999; Brown et al. 2008), and by the Spitzer IRAC
Shallow Survey (Eisenhardt et al. 2004). White et al. (2007) use the
clustering of LRGs from these observations (and N-body simula-
tions) to argue that about one-third of the most luminous satellite
galaxies appear to undergo merging or disruption within massive
haloes between z � 0.9 and 0.5. Brown et al. (2008) report a cor-
relation length of r0 = 6.4 ± 1.5h−1 Mpc for their brightest red
galaxy sample, MB − 5 log h < −21.0 (corresponding to L > 1.6L∗

galaxies), across the redshift range 0.6 < z < 0.8. These authors
also calculate the bias for this sample to be b = 2.15 ± 0.08. Thus,
although the NDWFS LRGs and AAOmega LRGs have different
selections (e.g. different magnitude and redshift limits), evidence
from both surveys suggest that redshift z = 0.7 LRGs are highly
biased objects and thus extremely well suited to LSS studies.

5.3 LRGs versus ELGs

One of the key questions that the AAOmega LRG Pilot Survey
wanted to address, was whether a ‘blue’ or a ‘red’ galaxy survey
be the more advantageous when pursuing BAOs at high redshift.
In the previous sections, we have presented the N(z) and clustering
amplitudes for z̄ = 0.68 LRGs. As such, our ‘Pilot’ observations
suggest, a VST-AA� ATLAS spectroscopic redshift survey strategy
to pursue BAOs with AAOmega LRGs might consist of ≈1.5h
exposures with

(i) �100 fibres placed on gri-selected i < 19.8 LRGs with
z � 0.55 and

(ii) �260 fibres placed on riz-selected 19.8 < i < 20.5 LRGs
with z � 0.7

in order to obtain 360 000 LRGs over 3000 deg2 which will give an
approximately four times bigger effective volume than the original
SDSS LRG Survey of 45 000 LRGs (Eisenstein et al. 2005). We
will compare this strategy, with an alternate ‘emission-line galaxy’
(ELG) survey, in the remainder of this section.

Glazebrook et al. (2007) select ‘blue’ ELGs using SDSS and
GALEX far ultraviolet and near ultraviolet imaging (Martin et al.
2005), for the WiggleZ BAO Dark Energy Survey. By using the
reported N(z) in Glazebrook et al. (2007, fig. 2) which has an average
redshift of z � 0.6 ± 0.2 as well as their estimate of the clustering
amplitude, we can make a comparison with our data. The clustering
amplitude reported initially by Glazebrook et al. (2007) is s0 =
3.81 ± 0.20h−1 Mpc (their fig. 3). However, it has recently been
suggested that an improved GALEX ELG Selection for WiggleZ
may give a higher ELG clustering amplitude of r0 ≈ 6h−1 Mpc (C.
Blake, private communication) leading to s0 ≈ 9h−1 Mpc assuming
β(z ≈ 0.7) = 0.8 and applying equation (11). We use this higher
value, along with the appropriate redshift distributions for ELGs
(truncated at redshift z < 0.5 due to the WiggleZ Survey plans to
focus on z > 0.5 galaxies only) and LRGs (from our Fig. 3) and
assuming that bias is scale independent.

We can calculate the effective volume surveyed using
(e.g. Tegmark et al. 2006):

Veff =
∫ [

n(r) Pg(k)

1 + n(r) Pg(k)

]2

dV . (14)

where n(r) is the comoving number density of the sample, (in units
of h3 Mpc−3) and Pg(k) is the value of the galaxy power spectrum
at wavenumber k (with units of h Mpc−1). For the LRG Survey we

assume ≈360 000 redshifts are required with 100 fibres targeted on
i < 19.8, redshift z � 0.55 2SLAQ LRGs with 90 per cent com-
pleteness, to account for 5 per cent redshift incompleteness and
5 per cent stellar contamination, and 260 fibres on 19.8 < i <

20.5 z � 0.7 AAOmega LRGs with 70 per cent completeness (15
per cent redshift incompleteness and 15 per cent stellar contam-
ination). For the ELG Survey, we assume 360 fibres targeted on
ELGs, as described above, with 80 per cent redshift completeness.
Therefore, we see that (i) a 167 night LRG survey would have
approximately 1.7 times the effective volume of a 123 night ELG
survey as envisaged by Glazebrook et al. and (ii) for equal telescope
time, an LRG survey will sample approximately 1.3 times the ef-
fective volume of an ELG Survey (see Table 6). The above results
are approximately in line with those of Parkinson et al. (2007) who
present ‘Figures of Merit’ (FoM) calculations to judge the optimal-
ity of different survey designs for future galaxy redshift-based BAO
experiments.

6 C O N C L U S I O N S

We have reported on the AAOmega-AAT LRG Pilot observing run
to establish the feasibility of a large spectroscopic survey aimed
at detecting BAO and present some of the first results from the
new AAOmega instrument. We have confirmed that AAOmega has
a factor of approximately four in improved throughput in its red
(>5700 Å) arm as compared to the old 2dF spectrographs. Utiliz-
ing this new sensitivity, we observed LRGs (LRGs) selected us-
ing single epoch SDSS riz-photometry in three fields including
the COSMOS field, the COMBO-17 S11 field and the previously
observed 2SLAQ Survey field, d05. Our main conclusions are as
follows.

(i) We detect 1270 objects in three fields, of which 587 are
confirmed high-redshift LRGs. The mean redshift for each se-
lection was z̄ = 0.578 ± 0.006 from the gri-band selection with
17.5 < ideV < 20.5, z̄ = 0.681 ± 0.005 from the riz-band selec-
tion with 19.8 < ideV < 20.5 and z̄ = 0.698 ± 0.015 from the
riz-band selection with 19.5 < z < 20.2. At i < 20.5, 84 per cent
redshift completeness for LRGs was achieved in 1.67-h exposures
in reasonable conditions.

(ii) We have compared our AAOmega spectroscopic redshifts
to spectroscopic and photometric redshifts obtained by the 2SLAQ
LRG Survey and COMBO-17, respectively. We find excellent agree-
ment with the 2SLAQ spectroscopic redshifts, but a suggestion that
there is a systematic tendency of the photometric redshifts to un-
derestimate the spectroscopic redshifts by �z = 0.026 ± 0.005.

(iii) We find that a simple power-law model, for ℘, gives a best fit
value of r0 = 9.03 ± 0.93 for our z̄ = 0.68 LRG sample, compared
to r0 = 9.80 ± 0.20 for the −21.2 < Mr < −23.2 SDSS LRG
sample and r0 = 7.30 ± 0.34 for the z̄ = 0.55 2SLAQ LRG sample.
This confirms that high-redshift LRGs are very good LSS tracers,
similar to their lower redshift counterparts (Eisenstein et al. 2005;
Zehavi et al. 2005; Ross et al. 2007).

(iv) We also find that, taking into account the large errors on
the AAOmega LRG r0 measurement, there is no inconsistency with
the simple bias model where the comoving density of LRGs are
assumed to be constant with redshift.

(v) Finally, this Pilot project shows that a large-scale AAOmega
spectroscopic survey of highly biased z ∼ 0.7 360 000 LRGs over
3000 deg2 remains a very promising and competitive route in order
to measure the BAOs and use this scalelength to investigate the
potential evolution of the equation of state parameter, w.
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In Table A1, we present properties of the first 40 objects from the
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set is published in its entirety in the electronic edition of the Monthly
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