
A&A, 696, A85 (2025)
https://doi.org/10.1051/0004-6361/202452898
c© The Authors 2025

Astronomy
&Astrophysics

The OTELO survey

New evidence of downsizing from the specific star formation rates, stellar mass
functions, and star formation histories of a sample of low-mass galaxies at

0.38< z <1.43

Bernabé Cedrés1,2,3,? , Ángel Bongiovanni4,3 , Jordi Cepa1,2,3 , Carmen P. Padilla-Torres1,2,5,3 ,
Jakub Nadolny6,1 , Maritza A. Lara-López7 , J. Ignacio González-Serrano8,3 , Emilio J. Alfaro9 ,

Miguel Cerviño10 , Jesús Gallego7 , Mauro González-Otero3 , Miguel Sánchez-Portal4,3, José A. de Diego11 ,
Ricardo Pérez-Martínez12,3, Ana María Pérez-García12,3 , and Mirjana Pović13,9,14
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ABSTRACT

Aims. We present an analysis of the emitters (Hα, Hβ, and [O ii]) from the OTELO survey, in order to characterize the star formation
properties of low-mass galaxies (<109 M� stellar masses).
Methods. We calculated the specific star formation rate function, the stellar mass function, and, by integrating them, the associated
densities for both quantities: the specific star formation rate density and the stellar mass density. We obtained the star formation history
of our low-mass sample galaxies by fitting the spectral energy distribution of the galaxies. We also compared our results with those
from the literature at different mass regimes and redshifts.
Results. The specific star formation rate density and the stellar mass density for low-mass galaxies do not depend on the redshift,
contrary to the behaviour presented by the high-mass galaxies. We found that the star formation histories of low-mass galaxies are
characterized by a constant star formation rate, in contrast to high-mass galaxies. We interpret these results, in the context of the
downsizing effect, as representative of the faster evolution of massive galaxies compared with low-mass ones.

Key words. surveys – galaxies: luminosity function, mass function – galaxies: starburst – galaxies: star formation –
cosmology: observations

1. Introduction

The role of the low-mass galaxies (log(Ms/M�) < 9, where
Ms is the stellar mass) in the canonical evolution of star for-
mation is of paramount importance. Following the ‘bottom-up’
paradigm, low-mass galaxies should be the dominant class of
galaxies in the earlier Universe. Moreover, they could be the
main drivers of reionization (see, for example, Simmonds et al.
2024 and Sales et al. 2022 and references therein).

? Corresponding author; bcedres@iac.es

There is a tight correlation between the star formation
rate (SFR), the metallicity, and the stellar mass of galaxies
(Lara-López et al. 2010). This indicates that an important part
of the evolution of galaxies may be determined by their stellar
masses.

The downsizing effect, first defined by Cowie et al. (1996),
can be expressed in several ways: an earlier assembling of mas-
sive galaxies, older ages for high-mass galaxies, or as an earlier,
more important star formation process for high-mass galax-
ies compared with low-mass ones. According to Fontanot et al.
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(2009), all these definitions may be equivalent. However, in this
paper, we stick to the latter definition because our main goal is to
study the star formation processes, not the ages or the dynamic
evolutionary stage.

Hopkins (2004) presented a compilation from different
authors in the literature that shows the density of the star for-
mation rate (SFRD) of galaxies, up to z ∼ 6. As was shown in
that work, the SFRD increases with redshift up to a maximum at
about z ∼ 2, the so-called ‘cosmic noon’. The same behaviour
is reproduced in the Madau & Dickinson (2014) review, but in
this case up to z ∼ 8. In that work, the authors concluded
that, at its peak, the galaxies formed stars at a rate nine times
higher than in present times. Picouet et al. (2023) reproduced
the same trend with a sample of one million galaxies in the
HSC-CLAUDS survey (Desprez et al. 2023) and found a plateau
between 1 ≤ z ≤ 2 instead of the gradual decline in SFRD
reported in Madau & Dickinson (2014). However, in all these
studies the results were obtained for intermediate- and high-mass
galaxies (>109 M�). On the other hand, Cedrés et al. (2021b)
suggest that the SFRD in low-mass galaxies is constant with up
to a redshift of z ∼ 1.5.

Less work has been done regarding the specific star forma-
tion rate (sSFR). The sSFR is defined as sSFR = SFR/Ms, where
Ms is the stellar mass of the galaxy. Ilbert et al. (2015) studied
the median values of the sSFR and found that it evolves with the
redshift and the stellar mass: the sSFR increased with redshift
and decreased with stellar mass. On the other hand, Lehnert et al.
(2015) reported a decrease in the sSFR for z ≤ 2 and sug-
gested that this should be due to the gas being depleted below
the threshold to maintain the star formation. However, both stud-
ies only reach down to log(Ms/M�) = 9.5, and thus they did not
include low-mass galaxies.

There have been numerous studies on the evolution of
the stellar mass function (φ(MS), SMF), as well as the
evolution of the stellar mass density (ρ∗), for star-forming
galaxies (SFGs), quiescent galaxies, or both types simul-
taneously (Pérez-González et al. 2008; Wilkins et al. 2008;
Marchesini et al. 2009; Muzzin et al. 2013; Ilbert et al. 2013;
Sobral et al. 2014; Kikuchihara et al. 2020, and Weaver et al.
2023, among many others).

Song et al. (2016) found that the number density of high-
mass galaxies at high redshift (4 < z < 8) presents a steeper
slope than galaxies with masses lower than log(Ms/M�) < 10,
with a completeness limit at about log(Ms/M�) ∼ 9. At the same
time, the authors suggest the opposite behaviour for redshifts
lower than z < 4.

On a similar note, Ilbert et al. (2013), in the range of 9.5 <
log(Ms/M�) < 13, found a clear evolution of the SMF from
1 ≤ z ≤ 4 of about 1 dex for SFGs, but with a slower evolution
for z ≤ 1. They reached log(Ms/M�) < 8.25, but only at redshift
z ∼ 0.2. They also found that galaxies with lower masses evolved
more rapidly than the most massive galaxies. On the other hand,
Sobral et al. (2014) found no evolution at all, at least for the
faint-end slope of the SMFs for emission line galaxies (ELGs)
at low to intermediate redshifts (0.40 < z < 2.23), detecting stel-
lar masses as low as log(Ms/M�) ∼ 9.0 at z ∼ 0.4, and about
log(Ms/M�) ∼ 9.75 at z ≥ 0.84.

The OTELO (OSIRIS Tunable Filter Emission Line Object)
survey offers the perfect opportunity to fill the gap. We present a
study of a sample of low-mass galaxies, in order to shed light on
the behaviour of low-mass galaxies at intermediate redshifts.

In Sect. 2, we describe the OTELO survey and present the
stellar mass distribution of the emitters at redshifts 0.38, 0.88,
and 1.43. In Sect. 3, we present the sSFRFs of the emitters, cal-

Fig. 1. Pseudo-spectra for selected Hα, Hβ, and [O ii] emitters from the
OTELO survey.

culate the specific SFRDs (ρsSFR), and compare our results with
those from the literature. In Sect. 4, we repeat the same process
as in Sect. 3, but in this case with the stellar mass of galaxies,
calculating the SMF and the ρ∗. In Sect. 5, we explore the star
formation histories (SFHs) of the galaxies by fitting their spec-
tral energy distribution (SED) through the CIGALE code, and
analyse the derived quantities as a function of the stellar mass.
Finally, in Sect. 6 we present the main conclusions of this work.

Throughout this paper, we assume a standard ΛCDM cos-
mology with ΩΛ = 0.7, Ωm = 0.3, and H0 = 70 km s−1 Mpc−1.
We also assume a Kroupa (2001) initial mass function (IMF),
unless stated otherwise.

2. The OTELO survey

As is described in detail in Bongiovanni et al. (2019), the
OTELO survey is a blind, pencil-beam survey of the Extended
Groth Strip field, based on 2D spectroscopic techniques,
employing the tunable filters of the OSIRIS instrument at Gran
Telescopio Canarias (GTC). It covers 56 arcmin2 and has a
spectral resolution of R ∼ 700. It samples the wavelength
region between 8950 and 9300 Å in an atmospheric window.
The total number of raw sources candidates detected in the
survey is 11 237 by aperture photometry using SEXtractor
(Bertin & Arnouts 1996).

Employing the ancillary photometric data, also described
in Bongiovanni et al. (2019), the SED of each source was fit-
ted through the LePhare code (Arnouts et al. 1999; Ilbert et al.
2006), providing photometric redshifts for 6600 sources, among
other solutions.

2.1. The pseudo-spectra and the inverse convolution

Due to the design of the tunable filters installed at OSIRIS instru-
ment, for each of the sources, one of the products obtained is not
a spectrum but the result of the convolution in wavelength space
of the SED of the source and the special instrumental response,
or pseudo-spectra. In this case, such an instrumental response is
a succession of Airy profiles. As an example of selected pseudo-
spectra, a subsample of emitters employed in this work is repre-
sented in Fig. 1

To extract information from the pseudo-spectra, we devel-
oped the ‘inverse convolution’ method, described in detail by
Nadolny et al. (2020). This method is based on 106 Monte
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Fig. 2. Mean detection probability for the emitters at OTELO.

Carlo simulations, sampling the probability distribution function
(PDF) of the intensity of the fluxes, the shape of the main emis-
sion and absorption features, the continuum, and the redshift.

2.2. Redshift determination, selection of the samples, and
extinction correction

In the articles presenting the subsamples for Hα, Hβ, and
[O ii]λ3727 (hereafter [O ii]) emitters (Ramón-Pérez et al. 2019,
Navarro Martínez et al. 2021, and Cedrés et al. 2021a, respec-
tively), the process of selection is described in detail. As a sum-
mary, at first, sources with a zbest in the range of the expected
redshift (0.40 for Hα, 0.90 for Hβ, and 1.43 for [O ii]) were
selected. The variable zbest is defined in Bongiovanni et al.
(2020) as the z_BEST_deepY (the photo-z solution from LeP-
hare code). With this, 202 candidates for the Hα emitters, 87 for
the Hβ emitters, and 332 for the [O ii] emitters were obtained.
Then, at least three researchers selected a new redshift, zguess, by
visual inspection. This new value was assigned to the peak of the
emission line observed in the pseudo-spectrum. This value was
given to the inverse deconvolution software to be used as a prior
to determine the final redshift.

The reddening, E(B − V), for all the emitters, was obtained
as an output from the fitting using the LePhare code. Employing
that reddening, the extinction through the law in Calzetti et al.
(2000) was obtained. The inherent extinction of the fitting
templates employed (Kinney et al. 1996) was also taken into
account.

2.3. Completeness of the samples

The completeness of the OTELO sample is discussed in
Bongiovanni et al. (2020). The full sample has a 50% complete-
ness at AB = 26.5. The subsamples for Hα, Hβ, and [O ii] are
described in Ramón-Pérez et al. (2019), Navarro Martínez et al.
(2021), and Cedrés et al. (2021a), respectively. Those values
were obtained by simulations of synthetic pseudo-spectra. In
Fig. 2, the detection probability of an Hα, Hβ, and [O ii] detec-
tion line (dash-dotted red line, dotted green line, and solid blue
line, respectively) is represented based on their fluxes.

In total, the final subsamples obtained are: 46 Hα emitters at
z ∼ 0.40 (Ramón-Pérez et al. 2019), 40 Hβ emitters at z ∼ 0.90
(Navarro Martínez et al. 2021), and 60 [O ii] emitters at z ∼ 1.43
(Cedrés et al. 2021a). In Table 1 are summarized the characteris-
tics of these emitters, including the redshift, the number of emit-

Table 1. Main properties of the ELGs from the OTELO survey.

Source 〈z〉 Number of log Mmin log Mmax 〈L〉
emitters [M�] [M�] [erg s−1]

Hα 0.38 46 7.12 9.46 3.88 × 1040

Hβ 0.88 40 7.82 10.70 2.83 × 1040

[O ii] 1.43 60 7.90 10.93 2.45 × 1041

Fig. 3. Distribution of the stellar mass for the ELGs employed in this
study.

ters, lower and upper limits on mass, and the mean luminosity of
the sources.

2.4. The stellar mass distribution of the emitters

The stellar masses were derived in Nadolny et al. (2020) fol-
lowing López-Sanjuan et al. (2019) recipe. As is stated in
Cedrés et al. (2021b), this kind of pencil-beam survey favours
the detection of low-mass galaxies.

If we focus on the ELGs detected in OTELO, in the range
0.38 ≤ z ≤ 1.42, the results are the ones shown in Fig. 3. From a
total of 146 emitters considered here, 82% have stellar masses of
log(M∗/M�) ≤ 9.5 and 66% are below log(M∗/M�) ≤ 9. Thus,
the majority of the ELGs from our sample are low-mass galaxies.

3. The specific star formation rate function

3.1. The star formation rate of the OTELO survey

In Cedrés et al. (2021a) and Cedrés et al. (2021b) the star for-
mation rate functions (SFRFs) and SFRDs for the Hα, Hβ, and
[O ii] emitters in OTELO are reported. The SFR was calculated
in the following way for the Hα and Hβ emitters, employing the
equations proposed by Kennicutt (1998):

SFR((M� yr−1) = 5.29 × 10−42 L(Hα) (erg s−1) (1)

SFR(M�yr−1) = 1.057 × 10−41 L(Hβ) (erg s−1), (2)

where L is the luminosity (corrected for extinction) for each line.
For the [O ii] lines, the SFR was calculated employing the

calibration proposed by Kewley et al. (2004):

SFR(M� yr−1) =
5.29 × 10−42 L([OII]) (erg s−1)
−1.75 × [log(O/H) + 12] + 16.73

, (3)
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where L is the luminosity in [O ii] corrected for extinction, and
log(O/H) + 12 is the metallicity for each emitter. This was done
this way in order to take into account the dependence on the
abundance of the SFR from [O ii] lines. There, a mean metal-
licity value of ∼8.5 was assumed for each galaxy (Henry et al.
2013). The results presented in Cedrés et al. (2021b) are com-
patible with a lack of evolution in the SFRD with the redshift for
low-mass galaxies.

3.2. Building the specific star formation rate function

The sSFR was first introduced in Guzmán et al. (1997). It is
defined as the SFR per unit of stellar mass. As Katsianis et al.
(2021) indicate, it measures both the rate of star formation and
its efficiency. The sSFRF (φ(sSFR)) is defined as the number of
galaxies per unit of sSFR and per unit of volume. Ilbert et al.
(2015) proposes the study of the sSFRF as a way to take into
account the completeness effects as well as to obtain informa-
tion on the distribution of the galaxies around the median of the
sSFR.

We can define the value of φ(sSFR) in the same way as for
the luminosity function in Bongiovanni et al. (2020):

φ[log(sSFR)] =
4π
Ω

∆[log(sSFR)]−1
∑

i

1
Vidi

, (4)

where Ω is the surveyed solid angle of OTELO survey
(∼4.7 × 10−6 str), Vi is the co-moving volume for the i source,
∆[log(sS FR)] = 0.15 is the adopted binning, and di is the detec-
tion probability for the ith galaxy, and this probability is an indi-
cation of the completeness of the sample. The values of di are
the ones presented in Fig. 2. To compare our results with the
results from the bibliography, we only have included emitters
with masses up to log(M∗/M�) < 9.

The volumes covered by OTELO at redshifts 0.38, 0.88,
and 1.43 are 1.40 × 103 Mpc3, 5.19 × 103 Mpc3, and 10.21 ×
103 Mpc3, respectively. These small co-moving volumes intro-
duce significant sensitivity to cosmic variance (CV), a factor
that has been shown in larger surveys such as COSMOS and
GOODS to bias density estimates. This effect necessitates a care-
ful correction that is summarized in Ramón-Pérez et al. (2019),
Navarro Martínez et al. (2021), and Cedrés et al. (2021a) for the
Hα, Hβ, and [O ii] emitters, respectively. There, the recipe
presented in Somerville et al. (2004) to calculate the CV was
employed.
Following the prescription of Ilbert et al. (2015), we can fit the
sSFRF with a log-normal function with the form

φ(sSFR) =
Φ∗

σ
√

2π
exp

(
−

log2(sSFR/sSFR∗)
2σ2

)
, (5)

where Φ∗ is a normalization factor, sSFR∗ is the characteristic
sSFR, and σ is a dimensionless standard deviation.

The fitting of Eq. (5) was obtained by employing a
least-squares minimization algorithm based on the Levenberg–
Marquardt method. After getting the guess values of the param-
eters, a Monte Carlo algorithm was carried out, repeating the
fit 105 times, a number large enough to obtain stable results,
and small enough to have the results in reasonable computing
times. For each repetition, the values of φ[log(sSFR)] were ran-
domly freed to have any value inside the uncertainties. Then, the
standard deviation for the distribution of those fits was adopted
as the main uncertainty of the fit. Also, the standard deviation
of the distribution of each variable was considered their main
uncertainty.

Fig. 4. sSFRF of the Hα (black dots), Hβ (red dots), and [O ii] (blue
dots) from the OTELO survey. The solid lines represent the log-normal
fitting functions for each line (black for Hα, red for Hβ, and blue for
[O ii]), following Ilbert et al. (2015)’s recipe. The shaded areas repre-
sent the propagation of 1σ uncertainties of the tabulated fits after 105

Monte Carlo simulations.

The sSFRFs for Hα, Hβ, and [O ii] emitters and their fits are
shown in Fig. 4. In Table 2, we have summarized the param-
eters of the fit. The three functions are somewhat equivalent
within the margins of their uncertainties, except for the value
of log(sSFR∗), which is very different for [O ii] emitters com-
pared with Hα and Hβ. Ilbert et al. (2015) demonstrated the evo-
lution of the median of the sSFR function with redshift and with
the mass of the emitters. We can also see an evolution of the
sSFR with redshift in our data, at least for the [O ii] emitters
at z = 1.43. However, such an evolution is not present from
z = 0.38 to z = 0.90, as is shown by the sSFRFs of Hα and
Hβ emitters. In Fig. 5, we can see the behaviour of the median
value of the sSFR as a function of the redshift for our galax-
ies. We have also represented the values from Ilbert et al. (2015)
for comparison. The evolution with redshift is more pronounced
with Ilbert et al. (2015) data. There is also a trend with mass,
with higher median values of sSFR for lower masses. Our results
seem to follow the trend with redshift, at least for the [O ii] emit-
ters. However, they present a flat behaviour for lower redshifts.
Moreover, considering the masses of the emitters, only the Hα
ones seem to be located in the same position as the results from
Ilbert et al. (2015). Nevertheless, this result should be taken with
caution, in particular because the cosmic volumes explored in
OTELO and the ones mapped by Ilbert et al. (2015) differ by
several orders of magnitude.

3.3. The specific star formation density

In a similar fashion as the density of the SFR, calculated in
Cedrés et al. (2021b), the density of the sSFR (ρsSFR) can be cal-
culated by integrating numerically the sSFRF in the following
way:

ρsSFR =

∫
φ(sSFR) sSFR d(sSFR). (6)

This quantity gives us the sSFR per co-moving volume unit
at the selected redshift. In this way, we can take out the pos-
sible effect introduced by the different co-moving volumes
sampled in our survey. As the lower integration limit, we
selected log(sSFR[Gyr−1]) = −2. This value, suggested by
Katsianis et al. (2021), marks the limit of the sSFR below which
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Table 2. Log-normal parameters for the derived sSFRs and the specific star formation density.

Source 〈z〉 log Φ∗ log sSFR∗ σ log(ρsSFR)
[Mpc−3 dex−1] [Gyr−1] [Mpc−3 Gy−1]

Hα 0.38 −1.96± 0.04 −0.65± 0.04 0.39± 0.10 −2.26± 0.32
Hβ 0.88 −2.12± 0.08 −0.67± 0.09 0.49± 0.09 −2.25± 0.38
[O ii] 1.43 −2.28± 0.04 −0.20± 0.05 0.56± 0.05 −1.91± 0.05

Fig. 5. Median value of the sSFR as a function of the redshift for our
emitters (filled black squares) and the data from Ilbert et al. (2015, open
circles) at different mass bins

Fig. 6. Histogram of the logarithm of the sSFR for the OTELO emitters.
Emitters as indicated by the legend.

a galaxy is considered to be a passive object. Figure 6 illus-
trates the range of the logarithm of the sSFR for the ELGs of the
OTELO survey. It can be seen that the sSFR for our sample does
not reach that lower limit. This suggests that all our galaxies are
actively forming stars, as we would expect from the OTELO sur-
vey selection technique based on ELGs. The upper limit of the
integral was selected as log(sSFR[Gyr−1]) = 0.5, as it is approx-
imately the maximum value of the sSFR for our samples (see
Fig. 6).

In Fig. 7, we have represented the logarithm of the ρsSFR
as a function of redshift. The open circles represent the values
obtained from the integration of the sSFR functions presented
in Ilbert et al. (2015) for different stellar mass bins. Our results
are represented by filled black circles. A double trend seems to

Fig. 7. Density of the sSFR as a function of the redshift for our galaxies
(filled black dots), and the data from Ilbert et al. (2015, open circles) at
different mass bins.

exist for the ρsSFR in the data from Ilbert et al. (2015): the den-
sity increases with redshift and decreases with stellar mass. An
equivalent double behaviour to this one was previously reported
in Ilbert et al. (2015), employing the median value of the sSFR
instead of the ρsSFR. However, our very low-mass galaxies do not
show an increase in ρsSFR with redshift. In this case, an almost
constant value of the density in the sSFR is shown at all red-
shifts, up to z ∼ 1.43. This happens even for the [O ii] emitters,
which present a large difference in the value of log(sS FR∗).

4. The stellar mass function and the stellar mass
density

4.1. The stellar mass function of the OTELO survey emitters

For the derived stellar masses, we can follow the same recipe as
for the sSFR in Sect. 3.2, and define an SMF (also represented by
φ(Ms)) as the number of galaxies per unit volume and per unit
of stellar mass. This function is useful for studying the evolu-
tion of the total stellar mass in different volumes of the Universe
(Kikuchihara et al. 2020 and references therein).

We also calculate φ(Ms) in the same way as in Eq. (4), simply
replacing log(sSFR) with log(Ms). In this case, we assumed that
the detection probability for each source was the same as the one
employed in Eq. (4).

According to Cole et al. (2001), the SMF is well described
by a Schechter (1976) function:

φ(Ms) d Ms = φ∗(Ms/M∗)α exp(−Ms/M∗) d (Ms/M∗), (7)

where φ∗ is the density number of galaxies, M∗ is the character-
istic stellar mass, and α is the faint-end slope of the function.

In Fig. 8, we have represented the SMFs of the emitters from
the OTELO survey. The fitting method was the same as the one
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Fig. 8. SMF for the Hα, Hβ , and [O ii] emitters from the OTELO sur-
vey, with no mass limit. The solid lines represents the Schechter (1976)
fit. Shaded areas were calculated as is indicated in Fig. 4.

used for the ρsSFR in Sec. 3.2. It should be taken into account that
our galaxies mostly sample the low-mass end of the SMF; thus,
the high-mass end is undersampled. So, to minimize the uncer-
tainties, we fixed the value of M∗ by interpolating to our redshifts
the values of M∗ given by Ilbert et al. (2013). The parameters
of the SMFs are summarized in Table 3. We obtain a similar
α (within uncertainties) to Sobral et al. (2014), pointing to little
or no evolution of the faint-end slope. However, considering φ∗,
our results for [O ii] are lower, while for Hα and Hβ they are the
same within uncertainties.

4.2. Stellar mass density

Equivalent to what was done with the sSFRs, we define the stel-
lar mass density, ρ∗, at a certain redshift, as the following inte-
gral:

ρ∗ =

∫
φ(Ms) Ms dMs. (8)

This integral represents the stellar mass per co-moving volume
unit at the explored redshift (Weaver et al. 2023, Yu & Wang
2016). Usually, the limits are selected as the ones cited by
Song et al. (2016) or Navarro-Carrera et al. (2024): 108 ≤

M∗/M� ≤ 1013. However, taking into account that OTELO
survey samples the low-mass regime (66% of galaxies with
M∗/M� < 108, reaching as low as M∗/M� ∼ 107), we selected
M∗/M� = 106 as the lower limit.

If we take into account the SFGs and integrate the SMFs
presented in Table 3, we obtain the results of Fig. 9. We
have also included data from literature (Sobral et al. 2014;
Muzzin et al. 2013; Ilbert et al. 2013; Weaver et al. 2023, and
Pérez-González et al. 2008). We have also calculated ρ∗ for
low-mass galaxies only up to 109 M� (represented by open
circles). To generate the red symbols of Fig. 9, we selected
data from authors who sampled the low-mass end of the SMF
(Pérez-González et al. 2008 and Sobral et al. 2014).

Following Ilbert et al. (2013), we fitted the evolution of the
stellar mass density to this parametric function:

ρ∗(z) = a × e−bzc
. (9)

In Table 4, we have summarized the parameters of Eq. (9) for
our data combined with the results reported from Sobral et al.

(2014), Muzzin et al. (2013), Ilbert et al. (2013), Weaver et al.
(2023), and Pérez-González et al. (2008) for ELGs only (called
‘compilation’ in the table), as well as the results from Ilbert et al.
(2013) for a population of ELGs and quiescent galaxies. When
comparing both fits, we can see that the main difference resides
in the parameter log(a), the value of the function at z = 0. The
exponent, c, and the constant, b, are compatible with each other.

On the other hand, the fit for the low-mass galaxies with
Eq. (9) did not converge. Nevertheless, our data follows the trend
presented by other authors integrating from 106 M� only up to
109 M�. It seems that for low-mass galaxies the trend is some-
what compatible with a constant value, but we have to take into
account that we are only sampling up to z ∼ 2. As happened
with ρsSFR, the difference in log(φ∗) for our [O ii] emitters does
not seem to have too much influence on ρ∗, at least for the lim-
ited redshift range that we are studying and for integrating up to
109 M�.

To study this apparent difference in behaviour, we followed
the method presented in Fontanot et al. (2009). We created bins
in stellar mass and integrated the SMFs within those bins. This
will generate a ρ∗ for each bin. From Table 1, we can see that
the lowest mass we are able to achieve is about log(Mmin/M�) ∼
7.12; we are able to create bins starting at log(Ms/M�) = 7.

So, in the end we created five bins in log(Ms/M�), from
(7,8] to (11,12]. To check the possible evolution of the ρ∗,
Fontanot et al. (2009) calculated a linear regression of log(ρ∗)
with the redshift, for each mass bin, and studied the variation
in the slope. For bins (7,8] and (8,9], we employed only data
from this study, and for the rest of the bins, we also included the
data from Sobral et al. (2014) and Pérez-González et al. (2008).
Those works were selected because they were the ones that
reached lower values for the stellar mass.

In Fig. 10, we have represented the fitted regressions to
log(ρ∗) versus z. The shaded areas represent the propagation of
1σ uncertainties and were calculated as in Fig. 4. In Fig. 11, we
present the slopes of the regressions as a function of the bins.
A different slope behaviour for the bin with the lowest mass
seems to exist, with a higher value than the rest of the bins.
From the (8,9] bin, the results are consistent with the ones from
Fontanot et al. (2009), in which it reaches a minimum of about
−0.30 for the higher masses.

Fontanot et al. (2009) proposed that the downsizing implies
that more massive galaxies should be assembled at higher red-
shifts and in shorter times than low-mass galaxies. This is then
translated to ρ∗ with a different growth rate for each bin ver-
sus the redshift. However, Fontanot et al. (2009) found that the
slopes for all the bins with masses between 109 < Ms/M� < 1012

were similar, with no clear differences among them. This result
is replicated in Fig. 11, in which our data points are compatible
with those from Fontanot et al. (2009). We can assume that the
slope obtained for the bin that is lowest in mass may be an indi-
cation of a faster evolution of the more massive galaxies com-
pared with very low-mass ones. However, it should be noted that
this is only valid for the lowest masses, and the uncertainties
present are large enough that more observations are required in
order to confirm this.

5. The star formation history

To study the SFHs of the ELGs of our sample, we performed
a SED fitting to the galaxies employing the Code Investigat-
ing GALaxy Emission (CIGALE), (Boquien et al. 2019). We
employed the bands in the range from 1530 Å (GALEX far-
ultraviolet filter) to 45 000 Å (IRAC 4.5 µm filter). We selected
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Table 3. Schechter parameters for the derived SMFs and the stellar mass function densities integrated for the full sample and the low-mass sample,
up to log(Ms/M�) = 9 for the SLGs.

Source 〈z〉 log φ∗ log M∗ (fixed) α log Mmin log Mmax log(ρ∗) (full) log(ρ∗) (<=109M�)
[Mpc−3 dex−1] [M�] [M�] [M�] [M�Mpc−3] [M�Mpc−3]

Hα 0.38 −3.16± 0.42 11.07 −1.19± 0.15 7.12 9.64 7.97± 0.41 6.33± 0.60
Hβ 0.88 −3.40± 0.09 11.17 −1.24± 0.07 7.82 10.70 7.83± 0.10 6.25± 0.20
[O ii] 1.43 −3.79± 0.09 11.11 −1.32± 0.10 7.90 10.93 7.44± 0.11 6.06± 0.30

Fig. 9. Logarithm of ρ∗ in solar masses per cubic megaparsec for the
SFGs as a function of redshift up to z = 2. The filled black circles are
our results from the integration of the SMFs for all masses. The open
black circles are the same, but integrated only up to log(M∗[M�]) = 9,
in order to sample only the low-mass galaxy regime. The dotted lines
represent the parametric fit by Ilbert et al. (2013). The pink one is the fit
for the full population of galaxies (ELGs and quiescent) of Ilbert et al.
(2013), and the grey one is the fit for all ELGs from the authors indi-
cated in the legend. Shaded areas were calculated as is indicated in
Fig. 4. The open red circles represent data from Sobral et al. (2014)
and Pérez-González et al. (2008). The remaining symbols and colour
coding are reported in the legend.

a delayed SFH, a Bruzual & Charlot (2003) synthesis model
with stellar metallicities from 0.004 to 0.05, and Calzetti et al.
(2000)’s dust attenuation model with a colour excess, E(B − V),
from 0 to 1.1.

The delayed SFH selected is a simple way to generate the
SFH. It is based on a delayed exponential SFR and a later expo-
nential burst to simulate the most recent process in star forma-
tion. It can be written, following the parameterization proposed
by Małek et al. (2018), as:

SFR ∝
{

SFRdelayed t < t0
SFRdelayed + SFRburst t > t0

, (10)

where:

SFRdelayed ∝
t

τ2
main

× exp (−t/τmain) (11)

and

SFRburst ∝ exp−(t − t0)/τburst. (12)

Here, τmain and τburst are the e-folding times for the main star-
burst population and the late starburst, respectively.

After the fitting, the galaxies with large uncertainties in the
determination of the stellar mass, as well as galaxies with a low
number of bands (<4) in the SED, were rejected.

5.1. Stellar mass comparison

As a first check of our new SED fits, we can com-
pare the stellar masses obtained from Nadolny et al. (2020)
with López-Sanjuan et al. (2019)’s recipe with those given by
CIGALE. In Fig. 12, we have represented both mass determina-
tions. The black line represents the 1:1 relationship. We can see
that both quantities are equivalent within the uncertainty limit
(0.14 dex at 1σ), although CIGALE determination is slightly
larger at higher masses, with a larger dispersion (0.17 dex at 1σ).

Taking into account this relationship, we are able to consider
any determination of the stellar mass interchangeably. However,
we use the mass determination of Nadolny et al. (2020).

5.2. The τmain factor

The value of τmain (e-fold time) from Eq. (11) indicates how fast
the SFR decays with time. A large enough value of τmain may
simulate a continuous SFR, while a lower value generates a burst
that decays faster with time.

In Fig. 13, we have represented the e-fold time for the main
stellar burst as a function of the stellar mass for galaxies in
our sample. It can be observed that there is a slight trend with
the stellar mass: higher-mass galaxies, over log(Ms/M�) > 10,
have lower values of τmain compared with lower-mass galaxies.
Moreover, galaxies with log(Ms/M�) < 10 exhibit a constant
behaviour within the uncertainties.

This seems to indicate that for low-mass galaxies the star-
forming process tends to be more constant compared with the
most massive galaxies in our sample, whose SFRs decay faster
with time. Although we may need a larger number of galaxies
with masses over 1010 M� in order to extract a clear conclusion,
these results seem to be consistent with the previous ones from
Secs. 3 and 4.

On the other hand, the Hα emitters seem to have a slightly
different behaviour compared with Hβ and [O ii] emitters. How-
ever, the uncertainties present and the low number of Hα ELGs
prevent us from drawing definitive conclusions.

5.3. The D4000 parameter

One of the derived parameters from the CIGALE fit is the D4000
ratio. Bruzual (1983) defined it as the ratio between the fluxes
in the range of 4050 Å–4250 Å and 3750 Å–3950 Å. This index
depends on the metallicity, but it also correlates with the ratio
of the present to past SFR. In Brinchmann et al. (2004), it was
shown that the sSFR depends on D4000, with lower values of
sSFR having higher values of D4000. In Fig. 14, we show the
relationship of D4000 with the stellar mass of the galaxies of our
sample. We calculated the median value of our data by employ-
ing bins of 0.75 dex (dotted black line). We have also included
data from Paulino-Afonso et al. (2020) at redshift z ∼ 0.8.
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Table 4. Parameters derived for the fitting of Eq. (9).

Source log(a) b c

Ilbert et al. (2013) full population 8.39± 0.02 0.50± 0.19 1.41± 0.40
OTELO ELGs + compilation 8.05± 0.08 0.46± 0.18 1.18± 0.24

Fig. 10. Fits of the stellar mass function densities as a function of red-
shift in bins of galaxy stellar mass. Bins (6,7], (7,8], and (8,9] were
generated with data from this work exclusively. Bin (9,10] also includes
data from Sobral et al. (2014). In bins (10,11] and (11,12], there is also
added data from Pérez-González et al. (2008). The shaded area repre-
sents the propagation of 1σ uncertainties.

Fig. 11. Slopes derived for the fits presented in Fig. 10.

However, in that paper, they employ Dn4000 (which uses a
somewhat different integration limit than D4000). Nevertheless,
they found that both D4000 and Dn4000 correlate very well, so
it makes no difference whether we use one ratio or the other.

An almost constant value can be seen in Fig. 14 for the
median of D4000 for stellar masses of log(Ms/M�) < 10, and
an increase in D4000 can be seen at higher masses. Moreover,
the stellar mass where the transition occurs is more or less the
same as the one shown in Fig. 13. On the other hand, our results
seem to agree with those from Paulino-Afonso et al. (2020) for
the range 9 < log(Ms/M�) < 10. There is a difference at higher
masses that can be attributed to our lack of emitters in such a
regime.

Fig. 12. Comparison between the stellar masses determined by the
López-Sanjuan et al. (2019) method of Nadolny et al. (2020) and the
stellar masses obtained by the CIGALE fit in this work. The black line
indicates a 1:1 equivalence. Emitters are indicated by the legend.

Fig. 13. Value of the logarithm of the parameter τmain from Eq. (11) as a
function of stellar mass for the OTELO emitters. Symbols are as in the
legend.

6. Summary and conclusions

In this work, we present the results of a study of the ELGs of the
OTELO survey, covering the redshifts 0.38 (Hα), 0.88 (Hβ), and
1.43 ([O ii]). Due to the characteristics of the survey, the selected
emitters lie mainly in the low-mass regime, with limits between
7.0 < log(M∗/M�) < 10.5.

We calculated the sSFRF for OTELO emitters and fitted
them to a log-normal function, following Ilbert et al. (2015).
We represented the median sSFR as a function of redshift and
found no evolution from Hα and Hβ emitters, up to a redshift of
z = 0.88. We compared these results with Ilbert et al. (2015) and
found differences in their behaviour with the redshift and masses.
These differences can be explained by the large differences in
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Fig. 14. Parameter D 4000 as a function of stellar mass. The dotted
black line represents the median value for bins of 0.75 dex. The grey
area represents the propagation of 1σ uncertainties. Purple squares rep-
resent the data from Paulino-Afonso et al. (2020). The rest of symbols
are as in the legend.

the co-moving volumes sampled by both surveys and the CV
implied. We also calculated the ρsSFR for OTELO emitters, inte-
grating the sSFRF. We compared them with the results from
Ilbert et al. (2015). Our results show a flat behaviour of the ρsSFR
as a function of redshift for galaxies with log(M∗/M�) < 9.
On the other hand, the results from Ilbert et al. (2015) show a
trend for higher-mass galaxies, with higher values of ρsSFR with
increasing redshift.

We calculated the SMF for the OTELO emitters. Then, each
SMF was fitted to a Schechter (1976) function. After that, we
calculated ρ∗ by integrating the SMFs employing different inte-
gration limits.

We cannot discard an evolution of the sSFRF or the SMF
with redshift in our data, mainly due to differences in the fit
parameters for [O ii] emitters, compared with Hα and Hβ. How-
ever, this evolution does not have a large influence on the deter-
mination of the densities ρ∗ and ρsSFR.

Following Ilbert et al. (2013), ρ∗ was fitted to a parametric
function. The results obtained agree with those from the lit-
erature. Compared with the results from Ilbert et al. (2013), in
which a full population of galaxies (emitters and quiescent) was
considered, the values of almost all the parameters of the fit
are the same within the uncertainties. The only difference lies
in the ordinate at origin, with a large value for the full popu-
lation of Ilbert et al. (2013), compared with a pure ELG sam-
ple from several authors (this work plus Sobral et al. 2014 and
Pérez-González et al. 2008).

Following the method presented by Fontanot et al. (2009), we
integratedρ∗ in bins of log(M∗) and represented them as a function
of the redshift. We then fitted the results to a linear regression. We
selected bins between (7,8] to (11,12]. We assumed that the low-
mass-end slope of the SMFs is well defined in our sample, so we
extended our results to stellar mass regimes of (7,8].

We found a change in the slope of the fit with the mass bin.
For the (7,8] bin, there is a higher slope. The slope then decreases
to more negative values with higher bins in mass. According to
Fontanot et al. (2009), this change in slope is an indication of
downsizing, and it is only perceived at very low masses.

We performed a fit of the SEDs of the emitters employing the
CIGALE code in order to study the behaviour of the SFH. We
found that the value of the e-folding time of the main starburst

population (τmain) is dependent on the stellar mass: a constant
larger value for low-mass galaxies, and a decreasing lower value
for high-mass galaxies. This seems to imply a more constant star
formation process with time for low-mass galaxies and a faster
decline in SFR for higher-mass galaxies.

We represented the D4000 ratio as a function of the stel-
lar mass. We found, on average, a constant value for low-mass
galaxies and an increase for high-mass galaxies. This may indi-
cate a change in the sSFR, which is higher in value and which
has a constant behaviour with redshift for low-mass galaxies, as
was presented in Sect. 3.

Our analysis suggests that the main drivers of the star forma-
tion process change at a critical stellar mass of log(Ms/M�) >
9.5. This critical mass has been reported as well in the well-
known mass–metallicity relationship (Tremonti et al. 2004),
according to which the gas metallicity of galaxies tends to flatten
for higher stellar masses.

Taken together, all these results seem to indicate that low-
mass galaxies tend to maintain a more or less constant star for-
mation process for longer periods of time, while more massive
galaxies experience episodes of vigorous star formation that are
shorter in time duration. However, we must take into account
that this is only valid up to a redshift of z ∼ 1.5.
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