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Abstract

OTELO is an emission-line object survey carried out with the red tunable filter of the
instrument OSIRIS at the GTC, whose aim is to become the deepest emission-line object
survey to date. With 100% of the data of the first pointing finally obtained in June 2014,
we present here some aspects of the processing of the data and the very first results of the
OTELO survey. We also explain the next steps to be followed in the near future.

1 Introduction

Emission lines allow for the detection of very distant and faint objects that could otherwise
remain invisibles to us. These lines can be found in all sorts of astronomical objects, such as
nebulae or starburst galaxies, but are specially interesting and useful in extragalactic sources.
Active galactic nuclei (AGN) and quasi-stellar objects (QSO) are among the objects that can
be easily detected by means of their strong emission lines, in spite of being very distant. In
the last years, great efforts have been made in order to develop new techniques and tools
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to detect emission lines. One of the most efficient ways is to use narrow-band photometry,
which allows the simultaneous observation of all the sources within the field of view, and also
a very deep exploration of the sky [4]. Tunable filters (TF) go one step further as they enable
the tomographic sampling of the spectral range, thus making it possible to obtain 2D low
resolution spectroscopy of all the objects in the field [7].

OTELO (Osiris Tunable Emission Line Object) survey is the emission-line object survey
carried out with the red tunable filter of the instrument OSIRIS at the GTC, the greatest fully
steerable optical telescope in the world [2]. Four years after the beginning of the observations,
and with more than 100 hours of time dedicated to them, we present in this contribution the
very first results obtained with the 100% of the data of OTELQO’s first pointing. We explain
the techniques used in the reduction of the data and the extraction of the first preliminary
catalogue, still to be improved.

2 The OTELO survey

The main goal of the OTELO survey is to study in detail different types of emitting objects
and, by that, make a significant contribution to the field of extragalactic astrophysics. To
this end, it targets all the objects that show emission lines in the field without any previous
selection, so as to produce the biggest and deepest catalogue of emitting objects to date. The
use of tunable filters makes it possible to obtain 2D low resolution spectroscopy of all the
objects within the field of view, which is very extense (8x8 arcmin). This added to the large
light-gathering capacity of the 10.4m telescope, allows a very deep observation of the sky.

Table 1: EGS OTELO’s observations

Year Observation Block Wavelength [A] Mean seeing [arcsec]

2010 1-18 9280-9250 0.83
2011 19-39 9244-9208 0.83
2013 40-66 9202-9154 0.82
2014 67-108 9148-9070 0.82

OTELO focuses on the spectral range 9070-9280 A, matching a window in the airglow emis-
sion of the atmosphere. The technique used is the tomographic sample of the spectral range
every 6 A, with a full-width at half maximum of 12 A. In this way, 36 frames with different
central wavelengths are obtained, each one composed of 6 dithered images. The spectral
resolution (R ~ 700) is set so as to deblend the Ha and the [NII] lines [9]. OTELO expects
to find different emission lines at different intervals of redshift: Ha at z ~ 0.4, [OIII]5007
at z ~ 0.83, HG at z ~ 0.83, or even Lya at z ~ 6.55. The fields of view of OTELO are a
region of the Extended Groth Strip (EGS) for the first pointing, and the central part of the
Lockman Hole for the second one. In total, about 100 arcmin? of the sky will be covered. To
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this date, the observations of the first pointing, which started in 2010, have been completed
(June 2014). More than 100 hours of observation with a mean seeing of 0.8” have been
devoted to this task (see Tabldl). The observations of the second pointing will start in the
Winter of 2014.

3 Image reduction

Most of the reduction of the OTELO data was carried out using standard IRAF routines as
well as the package TFRed, specially designed for the reduction of extragalactic images from
tunable filters. First of all, the bias subtraction and trimming of the images were performed.
The removal of cosmic rays was then completed with the L.A Cosmic task designed by van
Dokkum [I1]. After that, the flat-field correction was carried out using a smooth superflat
resulting from the combination of dome and sky flats. Bad pixels in the images were also
fixed by linear interpolation with bad pixel masks created for each different epoch.

The following step in the reduction of the data was the sky rings subtraction, so as
to obtain a background level of ~ 0 counts in all images. As a consequence of the radial
wavelength gradient which is characteristic of TF imagesﬂ OH spectral bands emitted by
the sky appear in the images as concentric circles (rings) around the optical center [7]. To
remove them, a specific task called ringsubV7 was created. This task, in short, measures the
background and produces a very accurate model of the sky which is then subtracted to the
original image. This tecnique is applied individually to each one of the images of OTELO.

Finally, an additive correction is performed to remove the fringing pattern that arises
as a consequence of interference effects due to multiple reflections of monochromatic light
within the detectors (CCD). To remove it, masked images with the same central wavelength
but different dithering are combined, so as to create master fringe templates which are then
subtracted to the original images with the rmfringe task.

4 Astrometry and calibration

After the reduction process is completed, precise astrometry is performed in each individual
image with a 7ms not higher than 0.09” (the scale of the images being 0.255 arcsec pixel ~!).
The images are then aligned in agreement with their newly provided coordinates and cal-
ibrated in flux and wavelength. First, the wavelength calibration is performed over the
calibration stars so as to calculate the efficiency of the system. Two photometric standard
stars previously observed with OSIRIS long-slit spectroscopy are used for this purpose [1].
The wavelength gradient is then taken into account by means of an empirical equation which
relates the effective observation wavelength of a given source in each slice, A, to the one the
TF was tuned to (A.) and the radial distance to the optical center (r) [6]:

A=\ — 5.04r% + az(\)r?

! See the TF User Manual of OSIRIS) at http://gtc-osiris.blogspot.com.es/| for more details.


https://docs.google.com/file/d/0B9hQ17il9GEoVWg0Ymx0RGFUcE92WTE2cUU3MWhKUQ/edit
http://gtc-osiris.blogspot.com.es/
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az(\) = 6.17808 — 1.6024 x 103\ + 1.0215 x 107\

The flux of a given source in each slice is then converted from ADU (Analog-to-Digital Unit)
to physical units (ergs™! cm™2) with the following relation, that takes into account the gain
of the CCD (g), the extinction (K), the energy of the photon (F,), the exposition time (),
the telescope’s aperture (Ay) and the efficiency of the system (€) [7]:

5 Detection and extraction of the sources

The photometric analysis of the sources is made with the software SExtractor in dual mode.
A deep image, shown in Fig. [1] is constructed by combining the 36 frames of the tomography,
in order to obtain a full sensitivity image of the field to be used for source detection. A 3o
level over the background noise is imposed as the minimal flux for a source to be detected,
which gives a limiting flux of ~ 1.04 x 107 ergem™2?s~!. The mean flux of a particular
object in the 6 dithered images of a single frame of the tomography is extracted, as well as
its mean observation wavelength in that frame.

Doing so for each one of the 36 frames of the tomography, one can then construct the
pseudo-spectrum of the object, where each point represents its integrated flux in a frame, i.e,
the result of the convolution between its spectrum and the TF response. The pseudo-spectra
of all the objects found in the field above 30 are then analysed with automatic algorithms
so as to detect peaks and select those which could be showing an emission line. The pseudo-
spectra of those emitting candidates are then visually analysed in a second round so as to
discard false detections corresponding to cosmic rays residuals.

6 First results

In a first analysis, 3472 sources were detected at 3o level over the deep image of OTELO
survey in the EGS field. Figure [2| shows the histogram of all the detected sources. From
it, a completitude flux, i.e, the flux up to which there is a complete sample of objects, was
estimated at ~ 2 x 107 ergem™2?s7!. Also, a limiting flux of ~ 1.04 x 107" ergem 257!
at 3o level was calculated. This flux exceeds the one that was expected for OTELO [3], and
also the one reached by other analogous surveys such as the Subaru Deep Field Survey [§],
whose NB921 filter is comparable to the spectral window of OTELO.

From all the objects detected in the field, at least 10% presented emission features, once
the most obvious false detections were discarded. The pseudo-spectrum of an emitter can be
seen in Fig. [l] as an example. This figure also displays a strip with the source’s appearance
in each one of the frames of the tomography. A variation in its intensity, corresponding to
the emission of a spectral line, can clearly be seen.
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Figure 1: SW quadrant (3 x 3 arcmin?) of the OTELO deep image (limiting flux ~ 1.04x 107 ergem =257+,
30). Red circles represent SDSS-DR9 photometric sources. In the right side, the pseudo-spectrum of a
Ha+[NII] emitter (z = 0.38), as seen by OTELO. The strip below shows the 36 slices of the tomography.
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Figure 2: Histogram of the 3472 sources detected in the EGS field of OTELO. A minimum detectable flux
of ~ 1.04 x 10" ergem 257! at 30 level was obtained.

7 Conclusions and future work

Although the results presented in this contribution are not conclusive as they need to be
further refined, the preliminary analysis of the 100% of the data of OTELQO’s first pointing
appears to be promising. The depth and sensitivity attained with the observations are very
high when compared to those of its closest competitors: the narrow-band survey of Subaru
at ~ 920nm, for instance, has a limiting flux of ~ 2 x 107¥ergecm™2s~! at 30 and an
equivalent-width (EW) of observation of 132 A [8]. As seen in this contribution, OTELO’s
data go far beyond, both in limiting flux (almost 20 times deeper) and in EW (one order of
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magnitude more sensitive). The pseudo-spectra that have been extracted also present very
good signal-to-noise ratios so as to detect emission lines. All of this makes OTELO an unique
survey to detect new distant objects with emission lines.

The next step will be the refinement of the procedure with better algorithms so as to
automatically discard spurious detections. Then, the catalogue will be expanded with comple-
mentary data from other surveys (Chandra, Galex, CFHT-LS, Herschel, Spitzer, AEGIS...)
over the whole spectral range (X-rays, UV, optical, IR). This will allow to obtain the spectral
energy distribution of the sources with which the photometric redshift will be estimated. It
will then be straightforward to identify the chemical species responsible for the spectral lines.
Their fluxes and equivalent widths will be extracted by modelling the pseudo-spectra.

One of the lines of research in which the data of OTELO will be significant is the study of
galaxies with active galactic nuclei (AGN). OTELO’s catalogue will allow to distinguish AGN
from starburst-galaxies by means of optical diagnostic diagrams such as the one proposed by
Cid-Fernandes et al (2010) [5], color-color diagrams, or with the help of the complementary
data, like the X-ray catalogue of Povi¢ et al (2009) [10].
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