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Abstract We describe the OTELO survey and present deep BVRI imaging data of
the Groth field. Galaxy number counts and galaxy clustering are analyzed.We find
an excellent agreement between observed and mock data number counts. We also
find a evidences about a galaxy clustering evolution and a strong dependence of
the angular correlation function with the observed V —1I color. Our data favour a
flattening of the clustering amplitude with median apparent magnitude. The good
general agreement between our clustering analysis and the estimates from the mock
data is remarkable.
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1 The OTELO survey

OSIRIS (Optical System for Imaging and low Resolution Integrated Spectroscopy)
[5, 7] is the Day One instrument of the GTC 10.4m telescope for the optical wave-
length range. It is a general purpose instrument for imaging and low-resolution long-
slit and multi-object spectroscopy (MOS). OSIRIS has a field of view of 8.6x8.6
arcminutes, which makes it ideal for deep surveys, and operates from 365 through
1000 nm. The main characteristic that makes OSIRIS unique amongst other instru-
ments in 8-10 m class telescopes is the use of Tunable Filters (TF) [3]. These allow
a continuous selection of both the central wavelength and the bandwidth, thus pro-
viding scanning narrow band imaging within the OSIRIS wavelength range. The
combination of the large GTC aperture, large OSIRIS field of view and availability
of the TFs will allow a truly unique emission line survey: OTELO [6, 8, 9].

2 Broad-band data

Three different pointings within Groth were observed, covering a total area of 0.18
square degrees with the B, V, R and I filters. Observations were carried out along
several runs using the Prime Focus Camera at the 4.2m William Herschel Tele-
scope (WHT) of the Observatorio del Roque de los Muchachos (La Palma, Canary
Islands).

Data sets were processed following standard reduction steps using IRAF pack-
ages. The astrometric calibration was carried out by cross correlation with the
USNO BI1.0 Astrometric Catalogue [22], available from the International Celes-
tial Reference System (ICRS). Instrumental magnitudes were measured using the
source detection and light-profile analysis algorithm SExtractor v2.4 [2].A proper
photometric calibration were derived comparing our stellar catalogue (objects with
SExtractor star—class parameter > 0.9 in all four BVRI bands) with the Sloan
Digital Sky Survey (SDSS). Limiting magnitudes, defined as the magnitude at 50%
detection efficiency, are 25., 25., 24.5, and 23.5 for the B, V, R, and I bands, respec-
tively. A selection of these data will be used as input catalogue of some OTELO
survey pointings.

3 Galaxy number counts

Accurate galaxy number counts in specific bands provide strong constraints on
galaxy evolution [24]. Detection of faint galaxies has significantly improved through
the increasing number and quality of recent surveys. Previous to the present auxil-
iary OTELO survey, the vast majority of surveys either cover large areas with a
shallow depth [25] or are deeper over very limited areas [21]. Nonetheless, the [4]
dataset is comparable to the one in this work in both area and depth, while the [19]



OTELO survey: Number counts and 2-p correlation functions 3

data is actually deeper and covers an even larger area. In this section, our galaxy
number counts are contrasted with model predictions and with several observational
studies, in particular with the work of [10] who analysed a U, B, and K-bands galaxy
census for the same Groth field. Differential galaxy number counts (per square de-
gree per half magnitude) in the B, V, R, and I bands are shown in Fig. 1, as derived
from the AUTO magnitudes of all extended sources in our catalogue. These “raw”
counts, with no incompleteness corrections applied, are in good agreement with pre-
vious studies [20, 11, 1, 21, 18, 4, 13, 16, 10], as shown in Fig. 1 . The predicted
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Fig. 1 Differential number
counts (small asterisks) from
the present WHT data in
the B, V, R, and I bands.
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number of galaxies with a given apparent magnitude depends on the local space
density, the assumed cosmology, and on several functions that determine the red-
shift distribution for each galaxy type and magnitude, such as the galaxy luminosity
function, the star formation history, evolution of dust and formation epochs, among
others. We compared our number counts with models of [12]. Results of the model
(with different parameter values) are shown in Fig. 1. As can be seen in the figure,
no model can fit the observed number counts, i.e., the purely analytical models are
not efficient in reproducing our observations.

For this reason, we also considered the semianalytical model of [14], that uses
the Millenium dark matter simulation [23, 15]. With this model, we obtained a sim-
ulated set of galaxies with known intrinsic properties and observational properties
that can be calculated. We applied the same conversions and selection effects to this
sample as the observed data.

4 The two-point correlation function

Correlation function analysis is a standard formalism broadly used to quantify the
clustering on any spatial scale. In the case of galaxies, a measure of the clustering
provides clues about the underlying cosmology as well as several constraints for
theories of structure formation and their evolution. The photometric data of our



Fig. 2 Differential number
counts from WHT data in B,
V, R, and I filters (diamonds)
and the values obtained from
the mock catalogues of [14]

(asterisks).
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survey bring us an opportunity to test (via 2-point angular correlation functions
or, hereafter, 2p-ACF) some recent realizations of semi-analytic models for galaxy
formation on small angular scales, controlling observational parameters (apparent
brightness and colour).
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Fig. 3 2p-ACF estimates as a function of I limiting magnitude. The continuous thick line repre-
sents the A ( 008 _C ) power law fit to the data (open circles), whereas the dotted line corresponds
to the same but with A, and J as free parameters. The 2p-ACF estimations based on mock cata-
logue data are represented by the continuous thin line. The shaded region is the envelope of errors
associated with the latter.
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Fig. 4 Panel (a): 2p-ACF estimates as a function of the observed V —1I colour (6 = I arcmin).
The open circles represent the estimations of this work, whereas the continuous line connects
the corresponding estimations from the mock catalogues. The shaded region is the envelope of
errors associated with the latter. The dashed and dot-dashed lines represent Ay (0 = —0.8) for
the observed and mock data, respectively, with I;;,=24. Panel (b): the continuous line represents
the difference against the colour of observed minus model data estimations. The subtrahend of
the residuals is the linear extrapolated value of the model estimation. The errors were added in
quadrature. The plot is divided in the very blue, intermediate, and very red colour regions by
vertical dotted lines.

The 2p-ACF was calculated separately for the three fields (i.e., each one is as-
sumed to be an independent process for galaxy distribution). We selected in each
field all galaxies brighter than 1=24 (defined as the complete sample), and the 2p-
ACF measurements are distributed into six non-independent I magnitude ranges and
14 disjointed intervals in V —1 colour. To increase the 2p-ACF signal and, at the
same time, to attenuate the undesirable effects of the cosmic variance (regarding the
small area over we have conducted the survey), we combined the discrete measures
of the 2p-ACF on each individual field. Our clustering measurements as a function
of limiting I magnitude (3) and V —1I colour (4) were compared to those made on
the mock, semi-analytical, catalogues of [14]. The main results can be summarised
as follows:

e We find evidence of clustering evolution. In a model-estimated redshift from
72> 0.9 to z = 0.4 the clustering amplitude increases by a factor of ~5. Our
data also favour a flattening of the clustering amplitude with median I. This is
consistent with a dependence of the scale on the growth of spatial structures.

e We find a strong dependence of @(60) on the observed V —1I colour. The very
blue and very red galaxy populations show clustering peak amplitudes ~10 times
greater than the whole sample. The peak amplitude of the very red subsample is
about 2 times greater than that of the very blue one.
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In both clustering analysis approaches we find an excellent agreement between
our correlation function measurements and the estimates derived from the mock
catalogues of [14]. In the case of the colour dependence, this fact impelled us to
explore the behaviour of I-band absolute magnitude, stellar mass, and SFR dis-
tributions of the model galaxies and find possible explanations for the observed
results. We conclude that the correlation amplitude enhancement for the bluest
subsample is probably caused by a mixture of a local, low stellar-mass and lu-
minosity population (e.g. BCD galaxies), and a high-redshift, very luminous and
vigorous star-forming one. The enhancement for the reddest population would
essentially be due to galaxies distributed in the redshift interval 0.3 < z < 1.8,
with stellar masses above 109 M, 4~ ! and low SFR, likely to be E/SO galaxies
or their local counterparts.
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