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ABSTRACT

Aims. We take advantage of the capability of the OTELO survey to obtain the Hα luminosity function (LF) at z ∼ 0.40. Because of
the deepest coverage of OTELO, we are able to determine the faint end of the LF, and thus better constrain the star formation rate and
the number of galaxies at low luminosities. The AGN contribution to this LF is estimated as well.
Methods. We make use of the multiwavelength catalogue of objects in the field compiled by the OTELO survey, which is unique in
terms of minimum flux and equivalent width. We also take advantage of the pseudo-spectra built for each source, which allow the
identification of emission lines and the discrimination of different types of objects.
Results. The Hα luminosity function at z ∼ 0.40 is obtained, which extends the current faint end by almost 1 dex, reaching minimal
luminosities of log10 Llim = 38.5 erg s−1 (or ∼0.002 M� yr−1). The AGN contribution to the total Hα luminosity is estimated. We find
that no AGN should be expected below a luminosity of log10 L = 38.6 erg s−1. From the sample of non-AGN (presumably, pure SFG)
at z ∼ 0.40 we estimated a star formation rate density of ρSFR = 0.012 ± 0.005 M� yr−1 Mpc−3.

Key words. surveys – galaxies: star formation – galaxies: active – galaxies: luminosity function, mass function

1. Introduction

The luminosity function (LF) is an essential empirical tool to
evaluate the distribution and large-scale structures of galax-
ies in the Universe. This function gives the number density Φ
(erg s−1 Mpc−3) of galaxies per luminosity interval. By tracing
specific emission lines across different redshifts, the evolution
of star-forming galaxies can also be studied. Given its impor-
tance, the LF is usually one of the first things to be derived in

any survey. However, this is not always a simple task, as correc-
tions from incompleteness and extinction, among other, must be
made (see Johnston 2011 for a review on the topic).

In the case of the Hα emission line, the LF allows us to
estimate the star formation rate (SFR) function over differ-
ent cosmological times (see Gallego et al. 1995), giving invalu-
able information about the way our Universe has evolved.
Sobral et al. (2013) studied the evolution of the Hα LF between
redshifts z = 0.40 and 2.23, emphasising the high sensitivity of
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this SFR tracer by far when compared to widely used prox-
ies in the ultraviolet (UV) or the far-infrared (FIR) domain.
Even so, they claim that the evolution seen in Hα LF in the
last 11 Gyr is in agreement with those obtained using UV and
FIR tracers. A similar agreement (within errors) among these
SFR functions have been previously reported by for example
Martin et al. (2005) and Bothwell et al. (2011) in the case of
local Universe, who sampled some decades in luminosity up to
lower limits of log10 L(UV; FIR) = 6−7 L�. A similar trend is
reported by Magnelli et al. (2009) from measuring the SFR his-
tory at 0.4 < z < 1.4 (11 < log10 LIR < 13 L�), and by Smit et al.
(2012) at z > 4. However, we identified a significant discrepancy
between the results given by Sobral et al. (2013) at low redshift
and those of Drake et al. (2013) or Ly et al. (2007), especially
at low luminosities, which corresponds to the faint end of the
SFR function. Indeed, there is evidence of the strong dependence
of the faint-end slope on the environment at selected redshifts,
even within the framework of large extragalactic surveys (e.g.
Sobral et al. 2011; Geach et al. 2012).

The faint end of the SFR distribution functions allows us
to quantify the contribution of low-mass galaxies with mild
star formation, which are always more numerous than starburst
(i.e. SFR > 10 M� yr−1) galaxies, to the SFR density estima-
tion at a given epoch. It also provides clues about the processes
involved in galaxy formation processes at small dark matter
(DM) halo scales and the feedback effects on the star formation
of low-luminosity galaxies (Bothwell et al. 2011), in contrast
with model predictions (i.e. the dubbed “missing satellite” prob-
lem, Klypin et al. 1999; Moore et al. 1999). As a consequence,
obtaining deep spectroscopic data to extend the statistics of star-
forming galaxies towards very faint luminosities provides vital
insights to constrain the SFR functions and unravel the causes
behind the inconsistencies cited above.

Complementary to this, there is growing evidence of the role
of active galactic nuclei (AGN) in the regulation of star forma-
tion processes in their hosts (Azadi et al. 2015). In this sense,
the AGN contamination must be taken into account in order to
construct the SFR function. Even though the AGN contribution
seems to be increased with the stellar mass (e.g. Xue et al. 2010)
for a given redshift, the fraction of these objects is unevenly esti-
mated depending on the characteristics of the survey. For instance,
Garn et al. (2010) claimed that the overall AGN contamination in
their sample is between 5 and 11%, but that these numbers prob-
ably underestimate the real rate. Conversely, Sobral et al. (2016)
found that 30% of their objects are AGN and that this fraction
increases strongly with Hα luminosity; Matthee et al. (2017) also
reached the same conclusion. If the AGN population at z ∼ 0.40
can be figured out, the contribution of active galaxies to the LF can
be directly derived without the need of additional assumptions or
estimations, as in most works.

In this work, we make use of data from OTELO, an ambi-
tious narrow-band survey using the red tunable filter of the 10.4
m Gran Telescopio Canarias (La Palma, Spain). The OTELO
survey targets a 7.5 × 7.4 arcmin2 region of the Extended Groth
Strip (EGS) with the aim of detecting emission-line sources. To
this purpose, a tomography of 36 scans with a full width at half
maximum (FWHM) of 12 Å and a sampling interval of 6 Å is
made in the range 9070–9280 Å, allowing the construction of
a pseudo-spectra for each source in the field. Details on the
OTELO survey, the use of tunable filters and its data products
are provided in Bongiovanni et al. (2019).

With these characteristics, OTELO has become the deepest
emission-line survey to date, unique in terms of minimum flux
and equivalent width (EW). In particular, the Hα+[NII] lines are

observed in OTELO at z ∼ 0.40. A multiwavelength catalogue
of all the sources detected in the field, with data ranging from
X-rays to FIR, has already been compiled. The OTELO multi-
wavelength catalogue, together with the pseudo-spectra, allow
for the identification of the Hα emitters in the field at z ∼ 0.40
(both AGN and non-AGN), enabling the construction of the cor-
responding segregated LF.

We therefore aim to take advantage of the capability of
OTELO to obtain the Hα LF to extend its faint end and thus
constraining the SFR and the number of galaxies at low lumi-
nosities. Exploiting the AGN selection and analysis in OTELO
survey made by Ramón-Pérez et al. (2019), hereafter referred to
as OTELO-III, and carrying out the pertaining diagnostics, the
AGN contribution to this LF is also estimated.

This paper is organised as follows. In Sect. 2, the selection
and identification of the sample of Hα emitters in OTELO is
explained, as well as the Hα line flux measurements and the
detection limits in OTELO for this particular line. The construc-
tion of the LF is then described in Sect. 3. Finally, Sect. 4 sum-
marises the main conclusions of this work.

Through this paper a standard cosmology with ΩΛ = 0.7,
Ωm = 0.3, and H0 = 70 km s−1 Mpc−1 is assumed for consistency
with recent contributions related to the main topic.

2. Identification of Hα emitters, line flux
measurements, and detection limits

Emission-line objects in OTELO were first selected using both
an automatic algorithm and a visual classification, based on
the appearance of emission significant features in the pseudo-
spectra from OTELO. Then, their photometric redshifts were
obtained using LePhare code (Arnouts et al. 1999, Ilbert et al.
2006) and ancillary data from OTELO. A complementary search
for emitting candidates was performed by looking for narrow-
band excess and the location of OTELO sources in a colour-
colour diagram. A detailed description of the first selection of
line emitters in OTELO survey is described in Bongiovanni et al.
(2019). We focus on the selection of Hα line emitters and the
associated detections biases.

2.1. Selection of Hα emitters candidates

Following the methodology described in Bongiovanni et al.
(2019), a sample of potential Hα emitters candidates in OTELO
was first obtained. It was composed of all the objects selected by
one or more of the different methods as follows: by their spectro-
scopic or photometric redshifts (4 and 108 objects, respectively),
location in the colour-colour diagram (32 objects), or narrow-
band excess (27 objects).

This selection was deliberately broad enough to ensure a
sample as complete as possible of the existing Hα emitters in
the OTELO catalogue. A redshift range of 0.30 ≤ z ≤ 0.50
was chosen for the search of potential Hα candidates to take
into account the dispersion of the photometric redshift esti-
mations, whose accuracy is better than |∆z|/(1 + z) ≤ 0.2
(Bongiovanni et al. 2019). Additionally, 31 emitters that did not
fulfil any of the previously mentioned conditions, but whose
pseudo-spectra show signs of a possible Hα+[NII] emission,
were also included in the sample. In total, the final sample of
candidates comprised 202 objects, some of which were selected
by more than one of the mentioned criteria. Table 1 lists a sum-
mary of the number of Hα emitters candidates selected by each
criterion.
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Table 1. Selection of Hα candidates sample.

Criterion N

With 0.37 ≤ zspec ≤ 0.42 4
With 0.30 ≤ zphot ≤ 0.50 108

Selected by colour 32
Selected by narrow-band excess 27

Selected by appearance 31
TOTAL 202

Notes. Column 1: criterion used for the selection of the candidate. Col-
umn 2: number of candidates selected with that criterion. Some objects
may have been selected by more than one criterion but they are only
included in one category, following the order of the list from top to
bottom.

2.2. Identification of Hα emitters

To ensure reliable data, each object in the sample of Hα can-
didates was examined by four independent collaborators. These
collaborators used a web-based graphical user interface (GUI)
specifically designed as an on-line platform to have an up-to-date
dossier of any OTELO source, and as a facility for the analysis
of selected objects, in particular the labelling of significant emis-
sion/absorption features in the pseudo-spectrum. For this task the
GUI includes a line identifier tool that contains an extensive list
(available in OTELO survey URL1) of relevant traits that would
be seen in the pseudo-spectrum at a selected redshift (includ-
ing the relative strengths depending on the emission-line object
type). The GUI includes three main sections: 1) General Anal-
ysis, which contains the source identification and the informa-
tion about the properties of the emission line(s) in its pseudo-
spectrum, 2) Image Analysis, where the postage-stamp images
of the source in the ancillary photometric bands are analysed
to search for possible blended/multiple sources or dropouts and
obtain clues about their morphology, and 3) Photo-z Analysis,
where the information about spectral energy distribution fitting
performed with LePhare code, including uncertainties, and the
secondary redshift solutions if available, are taken into account
to provide a redshift guess that is refined when the line flux is
measured. The web-based GUI was designed to accept prepared
lists of sources and store value-added data provided by the col-
laborators after the source analysis, as demonstrated below, but
it also can be used as a free browser for visual inspection of indi-
vidually selected objects.

Considering all the information gathered in the GUI, each
one of the 202 Hα candidates was analysed and assigned up
to three possible values of redshift by each collaborator, with
a corresponding likelihood value or degree of confidence. This
likelihood is scaled from L = 5 (highly reliable redshift) to
L = 1 (possible but not very reliable). The probabilities of the
redshift of an object to belong (or not) to the OTELO Hα win-
dow (0.37 ≤ z ≤ 0.42) were then calculated by comparing and
weighting the different values of redshift and the corresponding
likelihoods assigned to the object. At the end of the process, an
object was considered as a reliable Hα emitter when the first
probability exceeded the second emitter. Following this method-
ology, 46 out of the 202 candidates were finally selected as true
Hα emitters.

1 http://www.iac.es/proyecto/otelo

2.3. Hα line flux measurements

The Hα and [NII]6584 fluxes were derived from the individ-
ual pseudo-spectra of each Hα emitter previously selected. Flux
measurements were carried out by following the methodology in
Sánchez-Portal et al. (2015), which assumes infinitely thin lines
and has the advantage of yielding non-contaminated fluxes for
each line. Hence, a correction for the [NII] contribution in the
case of the Hα line flux is not necessary. Moreover, the avail-
ability of the fluxes of both lines allow us to diagnostic the AGN-
host/star-forming separation, as described in Sect. 3.

2.4. Detection limits in OTELO

The detection limits and other biases of OTELO as a function
of the emission-line parameters were obtained from extensive
simulations of synthetic pseudo-spectra described below, based
on the work in Ramón-Pérez (2017). In our case, the number of
false detections was kept under control by doing successive anal-
ysis of the emitting objects by independent collaborators (see
Sect. 2.2). However, the number of missing objects had to be
estimated. Therefore, the aim of the simulation we performed in
this work was to find the detection limits of OTELO survey in
terms of EW, so as to see what kind of objects were escaping
our detection when searching for Hα emitters. To do so, we sim-
ulated an Hα emission line in the form of a Gaussian and then
convolved it to the spectral signature of OTELO to obtain its
pseudo-spectrum. Three independent variables of the Hα Gaus-
sian were varied: its FWHM, its continuum flux density, and its
amplitude. After ranging the grid of these variables a total of
500 independent simulations were performed. Each simulation
is composed by one synthetic pseudo-spectrum for each node of
the simulation grid in the FWHM-continuum-amplitude space.
The synthetic pseudo-spectra are affected by random sky plus
photon noise components scaled to the noise distribution of each
resulting slice images of the OTELO tomography. Each spec-
trum was then convolved by the instrumental response of the tun-
able filter scan to obtain the simulated pseudo-spectra. We then
checked whether the resulting pseudo-spectra were detected as
emitters using the automatic algorithm for line detection men-
tioned above.

As an example, Fig. 1 shows the mean value of detection of
the pseudo-spectra, given the original FWHM and amplitude of
the Hα emission line. There, a value of 0 means that the resulting
pseudo-spectrum was never detected as an emitter, while a value
of 1 means it was detected in the 500 runs of the simulation. We
can see that for higher values of the amplitude and lower values
of the FWHM, the detection fraction increases.

In order to draw physical conclusions from the simulation,
we computed for each experiment (i.e, for each combination of
FWHM, continuum, and amplitude values) the EW of the Hα line.
We determined the minimum detected EW for a given probabil-
ity threshold p (i.e. considering a level of detection of at least
p×100% in the whole simulation). For a probability threshold of
p ≥ 0.50, for instance, the minimum detected EW is ∼5 Å, while
it is ∼10.5 Å for a threshold of p ≥ 0.95. In Fig. 2 we plot the
percentage of detected objects in the simulation for those values
of probability threshold as a function of the EW. Typical values of
HαEWs for various astrophysical objects, taken from the works of
Gavazzi et al. (2006), Gallego et al. (1997), Stern & Laor (2012),
and Gil de Paz et al. (2003), are also indicated.

To summarise, the main results that can be drawn from the
simulation about the detection limits of the Hα line in OTELO
survey are the following.
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Fig. 1. Mean value of detection in the 500 runs of the simulation (0:
never detected as emitter, 1: always detected as emitter), given the
FWHM and the amplitude of the Hα Gaussian. The continuum variable
has been collapsed in the plane of the other two. White lines represent
the detection probability contours.

With a probability threshold of 50% (p ≥ 0.50) we should be
able to detect

– about 1 out of 5 elliptical galaxies with EW = 6 Å.
– more than 75% of spiral galaxies with EW ≥ 60 Å.
– between 62% and 79% of the galaxies with 100 ≤ EW ≤

200 Å.
– between 55% and 60% of the galaxies with EW ≥ 200 Å.

We reach a minimum EW of
– 5 Å with a probability of p ≥ 0.50 for objects with

a minimum flux density in the pseudo-continuum of
∼10−19 erg s−1 cm−2 Å−1.

– 10.5 Å with a probability of p ≥ 0.95 for objects
with a minimum flux density in the pseudo-continuum of
∼10−18 erg s−1 cm−2 Å−1.

The results of this simulation are crucial in order to estimate the
incompleteness of the sample of objects when deriving the Hα
LF (see Sect. 3).

3. Luminosity function at z ∼ 0.40

In this work, we obtained the Hα LF at z ∼ 0.40 and used this
set of values to study the AGN contribution to the total luminos-
ity at that redshift. The main advantage of OTELO, when com-
pared to other surveys, is that emitters and AGN at z ∼ 0.40
have been carefully inspected and selected. From the sample
of Hα emitters composed by 46 OTELO sources selected at
z ∼ 0.40, a total of 12 were optically classified as narrow- or
broad-line AGN. The latter sources were segregated from the
sample by using the EWαn2 diagnostic (Cid Fernandes et al.
2010), in which the [OIII]/Hβ ratio of the usual BPT diagram
(Baldwin et al. 1981) is replaced by the EW of Hα at rest-frame.
We adopted the prescription given by Stasińska et al. (2006) to
separate pure star-forming galaxies from composite/AGN hosts
in the sample. More details about this particular topic and the
AGN demographics in OTELO are given in OTELO-III. This
implies that the AGN contribution in each luminosity interval is
exactly known and not only estimated, as in other works (see e.g.
Shioya et al. 2008 or Sobral et al. 2013).
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Fig. 2. Percentage of detected objects in the simulation depending on
the EW of the input Hα Gaussian line. Light green: p ≥ 0.50 prob-
ability threshold. Dark green: p ≥ 0.95 probability threshold. Typical
values of Hα EWs for multiple astrophysical objects are also indicated.
Black squares: median values of EW as in Gavazzi et al. (2006). Black
circles: mean values as in Gallego et al. (1997). Black triangles: maxi-
mum values from Stern & Laor (2012) and Gil de Paz et al. (2003).

3.1. Completeness correction

One of the main difficulties when deriving the LF is to estimate
(and correct) the incompleteness of the sample of objects. In
this work, we take advantage of the simulations described in
Sect. 2.4, which evaluated the detection probability of an Hα
emission line at z ∼ 0.40 in OTELO. We calculated the mean
detection probability as a function of the line flux, for the simu-
lated objects having p ≥ 0.50, which is the completeness cut that
we adopted. The result is shown in Fig. 3. We then fitted the data

to a sigmoid function such as d = aFl/
√

c − F2
l , where Fl =

log( fl) − b, fl is the line flux. The values obtained from a least-
squares fitting using the Levenberg-Marquardt algorithm imple-
mentation in IDL were a = 0.916 ± 0.005, b = 19.187 ± 0.047,
and c = 0.072 ± 0.023. This function was used as our LF com-
pleteness correction.

3.2. Volume sampled and cosmic variance

According to the specific characteristics of the OTELO TF-
tomography in the spectral dimension and the effective field of
view (FoV) sampled, we estimated the comoving volume limited
by the Hα line at 0.37 ≤ zspec ≤ 0.42, amounting 1.4 × 103 Mpc3.
Because of the relatively small volume of Universe probed for
this emission line, the effects of the cosmic variance are not neg-
ligible; see Stroe & Sobral 2015 to better understand the impact
of this effect on the LF determination. The mean comoving
number density of all the OTELO Hα sources is 0.033 Mpc−3.
Following Somerville et al. (2004) we estimated a galaxy bias
b of ∼0.77 for this number density, and a variance of DM,
σDM = 0.95 for such a volume. Accordingly, a general cosmic
variance is σv = bσDM ' 0.73 in this science case.

3.3. Hα luminosity function

The LF calculation starts by computing the number Φ of galax-
ies per unit volume and per unit of Hα luminosity, in bins of
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Fig. 3. Mean detection probability as a function of Hα line flux (blue
dots) for simulated objects having p ≥ 0.50 (see Sect. 2.4). The red
line indicates the best least-squares fitting of a sigmoid function (see
description in the text).

∆[log L(Hα)] = 0.5. We used the Vmax method (Schmidt 1968;
see, for instance, Eq. (2) in Bongiovanni et al. 2005 or Eq. (8) in
Hayashi et al. 2018) with the following adapted expression:

Φ[log10 L(Hα)] = κ
4π
Ω

∑
i

1
di
, (1)

which takes into account the volume of Universe surveyed and
the completeness bias in our survey: di is the detection proba-
bility for the ith galaxy, Ω is the observed solid angle (∼4.7 ×
10−6 str), and κ is a normalisation factor proportional to V−1

max
(κ = V−1

max ×∆[log L(Hα)]−1); the maximum comoving volume is
limited by the Hα line in OTELO spectral range.

The Hα sample was corrected from completeness follow-
ing the function shown in Fig. 3 and also from dust attenua-
tion, using the reddening value given by the best spectral energy
distribution fit from LePhare for each galaxy. We used the empir-
ical relation by Ly et al. (2012), which connects the dust redden-
ing E(B − V) and the extinction AHα for galaxies at z ∼ 0.50:
AHα = 1.85 × E(B − V) × k(Hα), where k(Hα) = 3.33 and the
proportionality factor comes from the ratio between stellar and
nebular reddening as follows: E(B − V)gas = 1.85 × E(B − V)
(Calzetti et al. 2000).

Using the aforementioned expressions, a completeness and
dust extinction-corrected Hα LF at z ∼ 0.40 was obtained (see
Table 2) for the OTELO complete data set (46 objects) and
for the OTELO star-forming galaxies sample (34 objects). A
Schechter function (Schechter 1976) was then fitted to our data
points. Accounting for our low number statistics for the deter-
mination of the LFs, and following the data weighting analysis
in Comparat et al. (2015), we adopted the ratio of the number of
galaxies within each luminosity bin to the total number in each
subsample as weighting scheme in our fitting. The Schechter
parameters of the OTELO LFs for each subsample are given
in Fig. 4, along with those obtained by previous works for Hα
emitters at the same redshift. Main error sources in our LFs are
those of statistical nature (i.e. obeying a Poissonian process) and
those derived from the cosmic variance effects. The contribu-
tion of these uncertainties were summed in quadrature and dom-
inate by far over those that come from the line flux calculations
and those corresponding to the detection probability function

Table 2. Hα LFs (corrected by dust extinction and completeness) at
z ∼ 0.40 for the OTELO survey, considering all the objects in the sample
(46) and the non-AGN only (34).

Hα sample log10 L(Hα) (erg s−1) log10 φ (Mpc−3dex−1)

OTELO [all galaxies] 38.70 –1.697+0.11
−0.15

39.20 –1.782+0.12
−0.17

39.70 –1.745+0.12
−0.16

40.20 –2.089+0.16
−0.26

40.70 –2.488+0.23
−0.53

41.20 –2.489+0.23
−0.53

OTELO [non-AGN] 38.70 –1.776+0.12
−0.17

39.20 –1.828+0.13
−0.18

39.70 –1.883+0.13
−0.19

40.20 –2.186+0.18
−0.30

40.70 –2.789+0.30
−2.40

41.20 –2.790+0.30
−2.40

Notes. Errors are subject to Poissonian statistics only.

represented in Fig. 3. For this reason the latter sources of error
were dismissed in our LF estimations.

The characteristics of OTELO survey makes it very compet-
itive in terms of depth and recovery of the LF faint end. As can
be seen in Fig. 4, OTELO data reach luminosities almost 1 dex
fainter than the faintest limit of the deepest survey (Ly et al.
2007). However, owing to its small angular coverage and num-
ber statistics, the LF bright end of OTELO is poorly sampled.
That is why we decided to fix the L∗ parameter and take the mean
value L̄∗ from the LFs of Drake et al. (2013), Sobral et al. (2013)
and Ly et al. (2007): log10 L̄∗ (erg s−1) = 41.85. The dispersion in
L̄∗ from data in those works is small (σL̄∗ = 0.16), reinforcing
our assumption. Besides, the strength of OTELO resides in its
depth, and hence in determining the slope at the faint end, α. This
parameter and φ∗ were obtained by fitting the Schechter function
to our data points. Their values, as well as those obtained by the
already mentioned works, are shown in Table 3.

The OTELO LFs allow us to extend the luminosity range
almost 1 dex fainter than previous works such as Ly et al. (2007).
The LF of Sobral et al. (2013) seems to deviate from the rest at
faint luminosities, overestimating the number of low-luminosity
objects. However, given the luminosity limits of their survey,
this should not be surprising. The work of Sobral et al. (2013)
is, nevertheless, a good reference for the bright end of the LF,
taking into consideration the relatively large comoving volume
by them explored (see Table 3). It is also worth noticing the
potential of OTELO survey to recover and extend the LF, in
spite of the small number of objects under study in our sam-
ple. As a matter of fact, the samples from works by Drake et al.
(2013), Sobral et al. (2013), and Ly et al. (2007) have 6.5, 19,
and 9 times more galaxies than our own, respectively, and with
∼4 to 60 times the comoving volume explored by OTELO at this
redshift. Even so, at the faint end, OTELO’s Hα LF at z = 0.4
is in agreement with the extrapolation of the SFR function of
Drake et al. (2013), with a shallower slope compared to those
provided by Ly et al. (2007) and Sobral et al. (2013).

The 34 objects in our sample of Hα emitters that were
not selected as AGN are presumably star-forming galaxies. By
studying their LF, the SFR can be derived following the standard
calibration of Kennicutt (1998), which assumes a Salpeter initial
mass function (IMF) with masses between 0.1 and 100 M�:

SFR(M� yr−1) = 7.9 × 10−42L (Hα) (erg s−1). (2)
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Fig. 4. Completeness and dust
extinction-corrected Hα LFs at
z ∼ 0.40. The black line corresponds
to the LF fitting for the whole sample
of OTELO emitters at that redshift,
which are represented with black dots,
while the grey line is the LF fitting for
the non-AGN population (grey circles).
For the sake of clarity, grey circles
are displaced −0.1 dex in luminosity
with respect to black circles. Shorter
error bars are Poissonian and the larger
error bars have the cosmic variance
uncertainties evenly added in quadra-
ture (see text for details). The Hα LFs
of Drake et al. (2013), Sobral et al.
(2013), and Ly et al. (2007) are plotted
in red, blue, and green, respectively. In
each case, the solid line represents their
sampled luminosity interval, while the
dashed line is the extrapolation of their
Schechter function fit. The coloured
regions are the maximum envelopes
that enclose binned data and their
corresponding errors as reported by the
cited authors.

Table 3. Schechter parameters of the dust-corrected Hα LFs for the OTELO survey and earlier works, all at z ∼ 0.40.

Data set Number of Volume log10 Llim log10 φ
∗ log10 L∗ α log10L ρSFR

sources (N) (103 Mpc3) (erg s−1) (Mpc−3 dex−1) (erg s−1) (erg s−1 Mpc−3) (M� yr−1 Mpc−3)

Ly et al. (2007) 391 4.71 39.6 –2.75±0.16 41.93±0.19 –1.34±0.06 39.31±0.08 0.016±0.003
Drake et al. (2013) 271 29.5 40 –2.44+0.14

−0.17 41.55+0.13
−0.11 –1.14+0.14

−0.13 39.15±0.02 0.0113 ± 0.0005
Sobral et al. (2013) 797 88 40.5 –3.12+0.10

−0.34 41.95+0.47
−0.12 –1.75+0.12

−0.08 39.55±0.22 0.03 ± 0.01
OTELO [all galaxies] 42 (< L∗) 1.4 38.7 –2.59±0.22 41.85 (fixed) –1.18±0.08 39.31±0.18 –
OTELO [non-AGN] 33 (< L∗) " 38.7 –2.75±0.19 41.85 (fixed) –1.21±0.07 39.17±0.16 0.012 ± 0.005

Integrating this LF we obtain a value of log10L(Hα) =
39.17 ± 0.16, which translates into a SFR density of ρSFR =
0.012± 0.005 M� yr−1 Mpc−3 at z ∼ 0.40. This value is in agree-
ment with that provided by Drake et al. (2013), but it is also con-
sistent with other obtained by previous works (see last column in
Table 3). It is worthy of note that this estimation does not include
the contribution of the AGN hosts to the star formation budget
in the comoving volume explored. Our SFR density estimation
is closer to that of Ly et al. (2007) and Drake et al. (2013), while
the value obtained by Sobral et al. (2013) departs from the rest
and probably tends to overestimate the SFR for the aforemen-
tioned reasons.

3.4. Role of AGN hosts

The AGN contribution to the total Hα luminosity at z ∼ 0.40 is
estimated by comparing the OTELO LF obtained for the com-
plete sample of emitters and that obtained for the sample of star-
forming galaxies only, both represented in Fig. 4. The ratio of
the LFs given in Table 2 is represented in Fig. 5), and it can be

fitted with a linear function with the following parameters:

log10

(
φ [all galaxies]

φ [non−AGN]

)
= a × log10 L(Hα) + b, (3)

a = 0.119 ± 0.033
b = −4.577 ± 1.335.

The contribution of AGN hosts in the Hα luminosity range
explored by OTELO at z = 0.4 tends to increase monotonically
up to a factor ∼1.5 starting from log10L(Hα) (erg s−1) & 38.6.
Therefore, it would not be expected to find galaxies hosting
AGN at z ∼ 0.4 below that luminosity threshold. This trend is in
agreement with the results obtained by Sobral et al. (2016) and
Matthee et al. (2017). In this sense, Gunawardhana et al. (2013)
found that the highest AGN contribution in the Hα LFs occurs at
0.17 < z < 0.24, even though this effect is almost negligible at
z < 0.1.

Given the small number of objects in our Hα sample for
the construction of the LFs, the above results about the AGN
contribution should be taken with caution. However, it is worth
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Fig. 5. Ratio between the OTELO Hα LF of the total sample of emit-
ters at z ∼ 0.40 and that of the star-forming galaxies only. Bars are
the sum in quadrature of the Poissonian errors of both LF, as given
in Table 2. The blue solid line represents a error-weighted linear fit-
ting to the ratio values. The red horizontal line corresponds to a ratio
equals unity. The blue dashed vertical line represents the luminosity
above which the AGN contribution becomes relevant.

noticing that the general procedure is addressed to estimate the
fraction of AGN as a percentage over the total population, and
correct the sample of galaxies accordingly to build the LF. The
OTELO survey, in contrast, has allowed us to obtain a complete
sample of Hα emitters, for which the AGN fraction is accurately
known at each luminosity interval, despite the small comoving
volume sampled.

4. Conclusions

This work has focussed on the OTELO survey, an emission-
line object survey using the red tunable filters of the OSIRIS
instrument at the Gran Telescopio Canarias (Bongiovanni et al.
2019). Following the selection of emitting objects described in
Bongiovanni et al. (2019), Hα emitters candidates at z ∼ 0.40
have been identified and a sample of 46 emitters has been
selected.

Then, an Hα LF at z ∼ 0.40 has been constructed, using a
completeness correction derived from a simulation of the detec-
tion limits in OTELO and a dust extinction correction from
the photo-z estimation (Bongiovanni et al. 2019). Using a mean
value of log10 L̄∗ (erg s−1) = 41.85 (σL̄∗ = 0.16) calculated from
data of previous works, we fitted our data points to a Schechter
function with the following parameters for the whole sample of
Hα emitters: log10 φ

∗ = −2.59 ± 0.22 and α = −1.18 ± 0.08.
Using the EWαn2 diagnostic (Cid Fernandes et al. 2010), we
removed the AGN from the previous sample and obtained a
second LF for non-AGN only with the following parameters:
log10 φ

∗ = −2.75 ± 0.19 and α = −1.21 ± 0.07.
When compared to previous works, our LFs extend the

faint end almost 1 dex, reaching observed Hα luminosities
as low as log10 Llim(erg s−1) = 38.5 (equivalent to a SFR of
∼0.002 M� yr−1), and therefore constricting the faint-end slope
at such luminosity regime.

The AGN contribution to the total Hα luminosity has been
estimated. We find that no AGN should be expected below a
luminosity of log10 Llim(erg s−1) = 38.6. Above this value, the

AGN contribution grows with the luminosity, in agreement with
previous works. Again, given our small sample of AGN at
z ∼ 0.40, a study with more statistical significance should
be conducted to confirm this result. Discarding AGN hosts
contribution to the star formation, we obtained an integrated
Hα luminosity from star-forming galaxies at z = 0.40 of
log10L (erg s−1) = 39.17±0.16, yielding a SFR density of ρSFR =
0.012 ± 0.005 M� yr−1 Mpc−3.
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Cid Fernandes, R., Stasińska, G., Schlickmann, M. S., et al. 2010, MNRAS, 403,

1036
Comparat, J., Richard, J., Kneib, J.-P., et al. 2015, A&A, 575, A40
Drake, A. B., Simpson, C., Collins, C. A., et al. 2013, MNRAS, 433, 796
Gallego, J., Zamorano, J., Aragon-Salamanca, A., & Rego, M. 1995, ApJ, 455,

L1
Gallego, J., Zamorano, J., Rego, M., & Vitores, A. G. 1997, ApJ, 475, 502
Garn, T., Sobral, D., Best, P. N., et al. 2010, MNRAS, 402, 2017
Gavazzi, G., Boselli, A., Cortese, L., et al. 2006, A&A, 446, 839
Geach, J. E., Sobral, D., Hickox, R. C., et al. 2012, MNRAS, 426, 679
Gil de Paz, A., Madore, B. F., & Pevunova, O. 2003, ApJS, 147, 29
Gunawardhana, M. L. P., Hopkins, A. M., Bland-Hawthorn, J., et al. 2013,

MNRAS, 433, 2764
Hayashi, M., Tanaka, M., Shimakawa, R., et al. 2018, PASJ, 70, S17
Ilbert, O., Arnouts, S., McCracken, H. J., et al. 2006, A&A, 457, 841
Johnston, R. 2011, A&ARv, 19, 41
Kennicutt, Jr., R. C. 1998, ARA&A, 36, 189
Klypin, A., Kravtsov, A. V., Valenzuela, O., & Prada, F. 1999, ApJ, 522, 82
Ly, C., Malkan, M. A., Kashikawa, N., et al. 2007, ApJ, 657, 738
Ly, C., Malkan, M. A., Kashikawa, N., et al. 2012, ApJ, 747, L16
Magnelli, B., Elbaz, D., Chary, R. R., et al. 2009, A&A, 496, 57
Martin, D. C., Seibert, M., Buat, V., et al. 2005, ApJ, 619, L59
Matthee, J., Sobral, D., Best, P., et al. 2017, MNRAS, 471, 629
Moore, B., Ghigna, S., Governato, F., et al. 1999, ApJ, 524, L19
Ramón-Pérez, M. 2017, PhD Thesis, Universidad de La Laguna, Spain
Ramón-Pérez, M., Bongiovanni, Á., Pérez García, A. M., et al. 2019, A&A, 631,

A11
Sánchez-Portal, M., Pintos-Castro, I., Pérez-Martínez, R., et al. 2015, A&A, 578,

A30
Schechter, P. 1976, ApJ, 203, 297
Schmidt, M. 1968, ApJ, 151, 393
Shioya, Y., Taniguchi, Y., Sasaki, S. S., et al. 2008, ApJS, 175, 128
Smit, R., Bouwens, R. J., Franx, M., et al. 2012, ApJ, 756, 14
Sobral, D., Best, P. N., Smail, I., et al. 2011, MNRAS, 411, 675
Sobral, D., Smail, I., Best, P. N., et al. 2013, MNRAS, 428, 1128
Sobral, D., Kohn, S. A., Best, P. N., et al. 2016, MNRAS, 457, 1739
Stroe, A., & Sobral, D. 2015, MNRAS, 453, 242
Somerville, R. S., Lee, K., Ferguson, H. C., et al. 2004, ApJ, 600, L171
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