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ABSTRACT

Context. The morphology of galaxies provide us with a unique tool for relating and understanding other physical properties and their
changes over the course of cosmic time. It is only recently that we have been afforded access to a wealth of data for an unprecedented
number galaxies thanks to large and deep surveys.
Aims. We present the morphological catalogue of the OTELO survey galaxies detected with the Hubble Space Telescope (HST)-
ACS F814W images. We explore various methods applied in previous works to separate early-type (ET) and late-type (LT) galaxies
classified via spectral energy distribution (SED) fittings using galaxy templates. Together with this article, we are releasing a catalogue
containing the main morphological parameters in the F606W and F814W bands derived for more than 8000 sources.
Methods. The morphological analysis is based on the single-Sérsic profile fit. We used the GALAPAGOS2 software to provide multi-
wavelength morphological parameters fitted simultaneously in two HST-ACS bands. The GALAPAGOS2 software detects, prepares
guess values for GALFIT-M, and provides the best-fitting single-Sérsic model in both bands for each source. Stellar masses were
estimated using synthetic rest-frame magnitudes recovered from SED fittings of galaxy templates. The morphological catalogue is
complemented with concentration indexes from a separate SExtractor dual, high dynamical range mode.
Results. A total of 8812 sources were successfully fitted with single-Sérsic profiles. The analysis of a carefully selected sample of
∼3000 sources up to zphot = 2 is presented in this work, of which 873 sources were not detected in previous studies. We found no
statistical evidence for the evolution of the low-mass end of mass–size relation for ET and LT since z = 2. Furthermore, we found
a good agreement for the median size evolution for ET and LT galaxies, for a given stellar mass, with the data from the literature.
Compared to previous works on faint field galaxies, we found similarities regarding their rest-frame colours as well as the Sérsic and
concentration indices.
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? The catalogue are only available at the CDS via anonymous ftp to cdsarc.u-strasbg.fr (130.79.128.5) or via http://cdsarc.
u-strasbg.fr/viz-bin/cat/J/A+A/647/A89
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1. Introduction

Galaxy morphology is related to other physical properties
such as star formation, dynamical histories, stellar mass,
colours, luminosities, and different morphological parameters
(Kauffmann et al. 2003; Baldry et al. 2004; Salim et al. 2007;
Pović et al. 2013, 2012; Schawinski et al. 2014; Mahoro et al.
2019). Since Hubble (1925) discovered the extragalactic nature
of some ‘nebulae’, the first step for tackling their systematic
study was to establish a morphological classification. Hubble
(1936) proposed the widely known tuning-fork classification
scheme, which was further extended by de Vaucouleurs system
(de Vaucouleurs 1959), which incorporated the numerical stages
as well. Soon it was realized that ellipticals and spirals had dif-
ferent photometric and dynamical properties. Ellipticals were
usually defined by red colours, a de Vaucouleurs radial profile
(Kormendy 1977), and mainly sustained by the velocity disper-
sion; whereas spirals were bluer, with a radial profile composed
of a de Vaucouleurs plus an exponential disk (Freeman 1970)
and they were dynamically sustained by rotation velocities. As
a consequence, elliptical galaxies were compliant with a ‘fun-
damental plane’ (Dressler et al. 1987), whereas spirals obey a
Tully–Fisher relation (Tully & Fisher 1977). Furthermore, mor-
phology is directly linked to the physical and chemical proper-
ties of galaxies, and, ultimately, to their evolution. In particular,
the stellar mass–size relation (MSR) has been studied for several
decades, and it has been shown that the galaxy size not only can
vary significantly with stellar mass and morphology, but it also
evolves with redshift depending on these two parameters (e.g.,
Kormendy & Bender 1996; Shen et al. 2003; van der Wel et al.
2014; Lange et al. 2015; Roy et al. 2018; Mowla et al. 2019).
For instance, early-type (ET) galaxies are typically more com-
pact for the same mass, and more massive for the same size,
than the late-type (LT) galaxies at given redshift. These differ-
ences reflect different processes of the size growth in time (see
Mowla et al. 2019, and references therein).

The morphological classifications of large galaxy collec-
tions at different redshifts provided by the rich surveys of recent
decades (e.g., SDSS, York et al. 2000; VVDS, Le Fèvre et al.
2005; COSMOS, Scoville et al. 2007) have required the use
of automatic classification tools (e.g., Barden et al. 2012;
Strateva et al. 2001) and machine learning techniques (e.g.,
Huertas-Company et al. 2015). After analysing a sample of
∼150 000 galaxies from SDSS, Strateva et al. (2001) have
shown that using the (u−r) colour, it is possible to sepa-
rate ET from LT galaxies. Later, more sophisticated methods
were developed. Among these approaches, two stand out in
particular: non-parametric (Abraham et al. 1994, 1996, 2003;
Bershady et al. 2000; Conselice et al. 2000; Lotz et al. 2004;
Huertas-Company et al. 2008; Pović et al. 2013, 2015) and para-
metric based on physical (Peng et al. 2002, 2010; Simard et al.
2002, 2011; de Souza et al. 2004; Barden et al. 2012) or math-
ematical galaxy parameters (Kelly & McKay 2005; Ngan et al.
2009; Andrae et al. 2011a,b; Jiménez-Teja & Benítez 2012).
Both methods greatly depend on the sensitivity of the data
used (e.g., Häussler et al. 2007; Pović et al. 2015, and references
therein).

The main advantage of the non-parametric methods is that
they do not depend on any analytic form a priori and the informa-
tion that is used is obtained directly from the source images (i.e.
concentration index, colour, asymmetry, Gini index, smoothness,
etc.). On the other hand, the main benefit of using a particu-
lar parametric function is that it can be extrapolated in the low
signal-to-noise (S/N) source and can account for light at large

radii (Häussler et al. 2007; Häußler et al. 2013). A commonly
used parametric form is a Sérsic (1968) profile defined as:

I(r) = Ie exp{−bn[(r/re)1/n − 1]}, (1)

where re is the effective radius (i.e. radius containing 50% of
total flux), Ie is the intensity at re, n is the Sérsic index, and bn
is a function of n as defined in Ciotti (1991). Even through it
may be less flexible than non-parametric methods, and assuming
that the chosen model correctly describes the light distribution,
this method is considered to be sufficiently robust and feasible.
In the particular case of the Sérsic profile, it has been used with
success in previous studies (Simard 1998; Graham et al. 2005;
Häussler et al. 2007; Häußler et al. 2013).

The aim of this study is to complement the OTELO survey
(Bongiovanni et al. 2019) data-base1 with a morphological anal-
ysis of the counterparts detected in high-resolution HST-ACS
F814W image up to z = 2. The OTELO (OSIRIS Tunable Filter
Emission Line Object) is a very deep, blind spectroscopic survey
centered in a selected region of Extended Groth Strip (EGS). The
morphological analysis is important for a full exploration of the
possible scientific cases of the OTELO survey. Among them, we
can highlight the following: a census of ET galaxies with emis-
sion lines, a comprehensive study of the properties of compact
galaxies, a comparison of extragalactic sources with and without
detection of emission lines; and a recently published work on
the machine learning techniques to separate ET from LT galax-
ies (de Diego et al. 2020). Additionally, in this work, we study
the MSR of galaxies up to z = 2 and down to stellar masses
of log M∗/M� ∼ 8, which is ∼1 dex lower than the lower mass
limit established in previous studies at the same redshift range
(van der Wel et al. 2014; Mowla et al. 2019). In particular, we
present insights on the median size evolution re−z for LT and
ET galaxies at a fixed stellar mass found in the OTELO field.

While there are few morphological studies in the EGS field
(Pović et al. 2009; Griffith et al. 2012; Brammer et al. 2012), the
only overlapping with the OTELO survey field can be found
in the work of Griffith et al. (2012, the ACS-GC catalogue,
see Fig. 1). The depth of the OTELO survey (27.8 AB on the
OTELOdeep image, see Bongiovanni et al. 2019) and the stel-
lar mass range (down to log M∗/M� ∼ 6, see Nadolny et al.
2020) of the galaxies observed are the principal motivations for
re-processing the archival HST-ACS data, rather than employ-
ing morphological information from the previously published
ACS-GC catalogue from Griffith et al. (2012). Furthermore, set-
ting it in comparison with the ACS-GC catalogue, we analyse
the HST-ACS data using newer version of the GALFIT soft-
ware (Peng et al. 2002, 2010); namely, its multi-wavelength ver-
sion, the GALFIT-M (Häußler et al. 2013), where two HST-ACS
bands are analysed simultaneously. This multi-wavelength ver-
sion has been shown to produce more accurate, complete, and
meaningful results, especially in the low signal-to-noise (S/N)
regime (Häußler et al. 2013; see also Sect. 4.3). Extensive sim-
ulations in Häussler et al. (2007) have shown that GALFIT is
quite robust and effective. Furthermore, it has been successfully
used in several low- and high-redshift studies of surveys (e.g.,
Barden et al. 2005; Krywult et al. 2017), in different environ-
ment (e.g., Kuchner et al. 2017), as well as its multi-wavelength
version GALFIT-M (e.g., Vulcani et al. 2014; Vika et al. 2015).

This paper is organised as follows. In Sect. 2, we describe
the data used in this work. In Sect. 3, we present the description
of the method used in this work. Section 4 provides the sample

1 http://research.iac.es/proyecto/otelo/pages/otelo.
php
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Fig. 1. Spatial distribution of the morphological data available in
EGS field. Data from ACS-GC (Griffith et al. 2012), CANDELS
(Brammer et al. 2012), and the OTELO survey (Bongiovanni et al.
2019), are shown in gray, cyan, and black, respectively.

selection process and quantitative comparison with Griffith et al.
(2012). In Sect. 5, we analyse the results of our fitting process
and compare it to the ET and LT classification based on SED
fitting. Furthermore, we analyse the MSR and compare it with
previous works (Sect. 5.1). In Sect. 6, we provide a discussion
of (i) the results of our morphological analysis using the (u−r)
and compared it to the work of Strateva et al. (2001), as well as
(ii) a discussion of the MSR found in this work and median size
evolution for a given stellar mass since z = 2. In Sects. 7 and 8,
we present a description of the morphological catalogue and our
conclusions, respectively. When necessary we adopt the cosmol-
ogy with ΩΛ = 0.69, Ωm = 0.31, and H0 = 67.8 km s−1 Mpc−1

from Planck Collaboration XIII (2016).

2. Data

2.1. The OTELO survey

The OTELO survey is based on the red tunable filters (RTF)
images of the OSIRIS (Cepa et al. 2003) instrument at Gran
Telescopio Canarias. A total of 36 RTF tomography slices were
obtained. These slices were uniformly distributed in the spec-
tral range between 9070 Å and 9280 Å, centered at 9175 Å. Fol-
lowing their reduction and alignment, the co-addition of these
slices provide a detection image OTELOdeep, from which a total
of 11 273 raw detections were extracted. The OTELOdeep pho-
tometry was complemented with archival data that was repro-
cessed, and PSF-matched to the OTELO’s resolution (pixel scale
of 0.254′′ px−1), available in EGS. Altogether, these data allowed
to build the OTELO photometric catalogue2. Among the repro-
cessed archival data to OTELO pixel resolution are the images
from HST-ACS (F606W and F814W) and from the Canada-
France-Hawaii Telescope Legacy Survey (CFHTLS3; in u′, g′,
r′, i′, z′ filters). Furthermore, the CFHTLS D3-25 i′-band source

2 For the extensive list of archival data included in the OTELO photo-
metric catalogue we refer to Bongiovanni et al. (2019).
3 https://www.cfht.hawaii.edu/Science/CFHTLS/

catalogue was used as the OTELO’s astrometric reference. The
OTELO photometric catalogue was used to estimate photo-
metric redshift zphot with LePhare code (Arnouts et al. 1999;
Ilbert et al. 2006). Each photometric redshift solution obtained
with LePhare code is associated with a specific galaxy tem-
plate, which corresponds to a particular galaxy type. Templates
used in this work are the following: four Hubble-type templates
(E, Sbc, Scd, Im) from Coleman et al. (1980) and six starburst
galaxy templates from Kinney et al. (1996). For the purpose of
this work we consider those sources with a best-fitted template
of the Hubble type E as ET, while LT refers to the sources fitted
with the remaining ones.

The stellar masses were estimated following the method
from López-Sanjuan et al. (2019), using rest-frame synthetic
magnitudes obtained from the templates described above. For
further details on the stellar masses M∗ and physical size esti-
mations used in this work, we refer to Nadolny et al. (2020).
We refer to the data-products described in this section as low-
resolution (or low-res) because these were obtained on the basis
of the RTF images with pixel scale of 0.254′′ px−1. On the
other hand, the morphological parameters were obtained from
the original high-resolution HST-ACS images with pixel scale
of 0.03′′ px−1.

2.2. High-resolution Hubble Space Telescope data

The morphological catalogue is based on high-resolution images
from HST-ACS F606W and F814W filters (hereafter V- and
I-band, respectively). A total of 11 (overlapping with the
OTELO survey field) HST-ACS tiles were retrieved from All-sky
Extended Groth Strip International Survey (AEGIS) database4 in
its native pixel scale of 0.03 arcsec px−1 and average resolution
of ∼0.15 arcsec. This high-resolution data were acquired in HST
Cycle 13 GO program 10134 (PI: M. Davis). In short, the HST-
ACS images were already processed with standard ACS pipe-
line (including bias subtraction, gain, and flat-field correction)
and a python-based multi-drizzle package (Koekemoer et al.
2003) was applied to combine all exposures in one tile (includ-
ing registration, median image creation, the identification and
removal of cosmic rays).

In this study, we aim to complement the OTELO survey
with the morphological analysis, thus we have to align the HST-
ACS images to the same reference catalogue as used in the
OTELO survey, that is, to the CFHTLS D3-25 i′-band source
catalogue. This catalogue have an internal root mean square
(RMS) astrometric error of 0.064 and 0.063 arcsec in equa-
torial coordinates5. An astrometry correction is necessary not
only to provide homogeneous celestial coordinates of objects
detected on the OTELOdeep image and its counterparts from
high-resolution data, but also in our further analysis of morpho-
logical parameters. The initial astrometric offset between all of
the 11 tiles used and CFHTLS catalogue were found to be dif-
ferent. Thus, we decided to provide a homogeneous astrometric
correction for each of the tiles separately to the CFHTLS D3-25
i′-band catalogue before proceeding to the mosaic assembly.

The selection of the objects suitable for astrometry cor-
rection is important because we are matching low-resolution
CFHTLS catalog (resolution ∼0.6 arcsec with pixel scale of
0.186 arcsec px−1) with high-resolution HST-ACS data (with res-
olution of ∼0.15 arcsec and pixel scale of 0.03 arcsec px−1).

4 http://aegis.ucolick.org/mosaic_page.htm
5 See “T0007: The Final CFHTLS Release” at http://terapix.
iap.fr/cplt/T0007/doc/T0007-doc.pdf
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Table 1. Main configuration parameters used in SExtractor HDR run.

Parameter Hot Cold

DETECTED_MINAREA [px] 5 5
DETECT_THRESH [σ] 1.8 6.0
ANALYSIS_THRESH [σ] 1.6 6.55
FILTER_NAME gauss (a) tophat (b)

DEBLEND_NTHRESH [branch] 64 64
DEBLEND_MINCONT [fraction] 0.005 0.002
BACK_SIZE [px] 128 256
BACK_FILTERSIZE [px] 5 9
BACKPHOTO_TYPE LOCAL LOCAL
BACKPHOTO_THICK [px] 48 100

Notes. (a)gauss_4.0_7x7; (b)tophat_5.0_5x5.

This selection was based on (i) CFHTLS i′-band magnitude
(≤24.5), (ii) SExtractor (Bertin & Arnouts 1996) parameters
CLASS_STAR≥ 0.9 (for both images: HST I-band and CFHTLS
i′-band), and (iii) FLAG= 0 for only high-resolution data. Fur-
thermore, from these we selected visually a total of ∼370 point-
like, isolated, and uniformly distributed on the OTELO’s field
sources (∼33 objects per HST tile) as a final astrometric refer-
ence catalogue.

The astrometric reference catalogue was cross-matched with
a source catalogue, which corresponds to each individual HST
I-band tiles usingIRAF ccxymatch task. The astrometric solution
was obtained using IRAF ccmap third-order polynomial geom-
etry with standard TNG projection. The accuracies of our astro-
metric solution in standard coordinates ξI and ηI are: 0.016
and 0.013 arcsec, respectively. This gives us off-set of 0.021 for
the whole set of HST I-band tiles – namely, sub-pixel accu-
racy in high-resolution HST data with respect to CFHTLS D3-
25 i′-band catalogue. The registration process of HST V-band
images was based on the already aligned I-band data. The inter-
nal (i.e. between HST V- and I-band images) astrometric off-set
is 0.002 arcsec.

The final mosaic of scientific and weight (inverse variance)
images was obtained with SWarp6 software (Bertin et al. 2002).
The mosaic was trimmed to the field of OTELOdeep image with
additional ∼3 arcsec per side in order to provide morphological
analysis of the objects which are on the border of the OTELO
field of view.

3. Methods

3.1. Parametric classification

In this work, we used the GALAPAGOS2 software7 (Häußler et al.
2013), which, in turn, employs the applications SExtractor and
GALFIT (Peng et al. 2002; in this case its new, multi-wavelength
version GALFIT-M) to detect and to fit a single-Sérsic profile to
each source, respectively. We chosen this parametric method due
to its fully automatic operation: it detects, prepares initial val-
ues, runs GALFIT-M, reads-out the result for each source, and pre-
pares a final catalogue. Furthermore, it handles the issues of neigh-
bouring sources and sky background estimation in an accurate
and efficient way (Häußler et al. 2013). However, one of the most
important characteristic is that GALFIT-M fits simultaneously the
selected model to all given bands using a chosen Chebyshev

6 http://www.astromatic.net/software/swarp
7 https://www.nottingham.ac.uk/astronomy/megamorph/

polynomial function. In this work, we used two photometric bands
that increase the number of analysed sources and the accuracy of
the parameter fitted to sources (especially with low S/N ratio) as
compared with Griffith et al. (2012). For more, see Sect. 4.3 (also
see simulations in Häußler et al. 2013, their Sect. 2).

We used the HST-ACS I-band images for source detec-
tion in the SExtractor dual mode, as implemented in
GALAPAGOS2. Furthermore, following Rix et al. (2004), so called
high-dynamical range (HDR) is used in order to maximise the
source detection in two separate SExtractor runs with differ-
ent parameter configurations. The first one (hot run), is opti-
mized to detect faint sources, while the second one (cold run)
is optimized to detect bright sources. In Table 1, we show the
values of relevant parameters associated to hot and cold run.
Since OTELO goes deeper in magnitude than ACS-GC cat-
alogue, we decided to push the source detection in the faint
end, thus, the SExtractor parameters were selected via trial
and errors. After the hot and cold runs, GALAPAGOS2 takes care
of matching both catalogues in such a way that hot detections
inside a defined ellipse of a cold detection are not included (see
Fig. 4 from Rix et al. 2004). We set the following GALFIT-M
constraint values (the same as in Häußler et al. 2013): (1) posi-
tion of the object that is to lie within the image cutout (hard-
coded into GALFIT-M); (2) Sérsic index: 0.2 < n < 8; (3)
effective radius: 0.3 < re,GF < 400 [px]; GF stands for the
GALFIT-M output; (4) modeled magnitude: 0 < magGF < 40.
Furthermore maginput − 5 < magGF < maginput + 5, where
maginput is the input magnitude MAG_BEST from SExtractor
and magGF is the output magnitude fitted with GALFIT-M; (5)
axis ratio: 0.0001 ≤ Q ≤ 1, even if limits 0 ≤ Q ≤ 1 are
hard-coded in GALFIT-M (based on the recommendation given
by Häussler et al. 2007); (6) position angle: −180◦ < PA < 180◦
(hard-coded into GALFIT-M).

Most of the input parameters in the configuration file were
set to the default values, except for the parameters linked with
the data used (pixel size, zero-points, exposure time, etc.). Dur-
ing the GALFIT-M fitting we fixed the center position of source to
the X_IMAGE and Y_IMAGE I-band position, while linear Cheby-
shev polynomial function is used to fit magnitudes, effective
radius re, and Sérsic index n over both HST-ACS bands used.
In Sect. 5, the results obtained from the parametric method
described above are compared with the LT and ET classifica-
tion based on the best SED-fitting templates provided by the
LePhare code (Sect. 2.1).

3.2. SExtractor derived parameters

A separate SExtractor run was executed to fully explore the
high-resolution HST-ACS images. In this run SExtractor was
fed with the same setup parameters (Table 1) and carried out in
the same dual-HDR mode as in GALAPAGOS2. This assure the
exact correspondence of sources detected in GALAPAGOS2 and
this separated run. As the output we obtained, for each band
used in this work, observed magnitudes (MAG_AUTO), flux radii
(FLUX_RADIUS) corresponding to radii containing 20, 30, 50, 80,
and 90% of the flux (used to derive the concentration index).
We decided to perform this run because the output SExtractor
catalogue from GALAPAGOS2 provide the parameter only for the
detection band.

4. Sample selection

As established above, the goal of this work is to assign a
morphological classification to the largest possible number of
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Fig. 2. Magnitude completeness. Continuous and dot-dash histograms
in black represent the G2 and the ‘good’ samples, respectively. Dashed
histogram in black shows the distribution of the sources removed from
the G2 sample after the cleaning-out process (see Sect. 4.1). Red
histogram shows the distribution of the morphological sample (see
Sect. 4.2). Magnitudes indicated in the legend are 50% completeness
magnitudes for each sample.

the OTELO survey sources detected in the OTELOdeep image.
Since the OTELOdeep has lower spatial resolution than HST-
ACS data used to provide the morphological catalogue, a care-
ful match between both is needed. In the first part of this
section, we describe the ‘cleaning’ process of the morphological
GALAPAGOS2 catalogue obtained from analysis of the HST-ACS
data, while in the second part, we explain the match and fur-
ther selection of the galaxies, which are analysed in subsequent
sections.

4.1. GALAPAGOS2 catalogue

Using the SExtractor dual HDR mode, we obtained 10 591
raw detections from the HST-I band. A total of 1778 (17%)
raw detections were visually determined to be not real objects.
Such high percentage is due to the fact that: (i) the final mosaic
of HST-ACS images (Sect. 2.2) still shows imperfections and
artifacts, especially on the borders of individual images; (ii)
the SExtractor parameters were adjusted (via trial and error)
to extract the maximum number of real sources, which on the
other hand, increases detection of spurious sources. If our visual
inspection omitted some of these bad detections, these were
removed in the catalogue cleaning process, which is described
in what follows. The list of coordinates of these artifacts was
passed to GALAPAGOS2 in order to omit them in the fitting
process.

A total of 8812 (out of 8813) sources were successfully fitted
by GALAPAGOS2 that is, GALFIT-M does not crush, or does not
exceed the time-limit for fitting process. We refer to this success-
fully fitted sources as G2 sample. The high rate of the successful
fits is attributed to the visual inspection of the raw detections.
The G2 sample, however, still contains sources for which one or
more of the fitted parameters hit the constraint value (listed in

Sect. 3.1) in one or both HST-ACS filters, thus, these results are
not necessarily meaningful. Using criteria from Häußler et al.
(2013, their Sect. 4.2) we identify sources characterised by these
not necessarily meaningful results and we do not include them
in the further analysis. Here, we list all the used criteria applied
to both bands: (1) 0 < magGF < 40; (2) 0.205 < n < 7.95; (3)
0.301 < re < 399; (4) 0.001 < Q ≤ 1; (5) FLAG_GALFIT= 2. We
omit the criterion (vi) from Häußler et al. (2013) due to our own
star selection described in Bongiovanni et al. (2019). Applying
those criteria we obtained a sample of 6780 sources with mean-
ingful, or ‘good’ results (i.e. 77% of G2 sample, similarly as
what is reported in Häußler et al. 2013). The cleaning process
of the morphological catalogue, which involves removing results
that are not meaningful for our study guarantees quality results in
the following analysis. As shown in Fig. 2, this process removes
the faint end of the G2 sample. The 50% magnitude complete-
ness drop from ∼26.2 to ∼25.9 [AB] for the ‘good’ sample.
Going forward, we use the G2 ‘good’ sample in subsequent sam-
ple selections.

4.2. Matching the GALAPAGOS2 and OTELO catalogues

We want to stress the importance of a reliable match between
the results of the analysis of high-resolution HST-ACS images
using GALAPAGOS2 and data from the OTELO catalogue, which
are based on the low-resolution ground-based observations (pho-
tometry, photometric redshift, SED templates, ET-LT classi-
fication, and stellar masses, to name the relevant parameters
used in this work). If we want to use any information derived
from low-resolution data, we need to assure an exact corre-
spondence between the sources coming from the high-resolution
data. Due to the difference in spatial resolution, each source
of the OTELO catalogue would admit one or multiple matches
to the G2 sample. Hence, we checked the occurrence of
one or more sources from G2 ‘good’ sample inside of the
OTELOdeep detection ellipse (see example of multiple match in
Fig. 3; ellipses were calculated using SExtractor parameters:
A_IMAGE× KRON_RADIUS in arcsec). In this match, we got 5338
out of 6780 sources from the G2 ‘good’ sample. At this point, we
removed objects which were classified as preliminary star can-
didates in the OTELO field (see Sect. 6.1 in Bongiovanni et al.
2019), which gives the total number of 5263 sources. Among
these, there are 2780 individual (i.e. there is one source from G2
sample inside OTELO ellipse) matches between G2 sample and
OTELO catalogue, while remaining 2483 sources are matched
to 1295 OTELO sources, that is, there is more than one source
inside OTELO ellipse (e.g., Fig. 3), and we refer to these as mul-
tiple matches. For each multiple match, we selected one source
that is the closest to the OTELO catalogued position (usually the
brightest counterpart), and we refer to these as multiple main.
A total of 1108 multiple main sources were selected. A good
example of multiple main is the central source, shown in the
right panel of Fig. 3. This is a orthodox way of selecting a fairly
clean sample in order to use data obtained from low-resolution
OTELO data-products such as zphot, ET-LT classification, or stel-
lar masses.

The visual inspection of the removed sources during the
matching and cleaning out process reveals that these are, in many
cases, point-like or very compact sources (possibly QSO), fol-
lowed by those cases where interaction or merging sources are
visible. There are also instances of sources which were exces-
sively deblended by SExtractor (i.e. well-resolved galaxies
with more than one visible part).
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Fig. 3. Example of a multiple source with central multiple main
objects (these images are available in our web-based graphic user
interface). Left: low-resolution OTELOdeep image. Right: HST I-band
high-resolution image. Ellipses in red (object in question) and green
(neighbouring sources) show Kron ellipses from OTELOdeep image for
individual OTELO sources. The red ellipse shows the Kron ellipse cor-
responding to the source id:2146, inside which two additional sources
(or well defined parts of a single galaxy) are visible. This particular
source has three matched sources from HST image.

Fig. 4. Magnitude comparison between low- and high-resolution data.
Red up- and left-triangles show multiple sources, green squares show
individual sources, while blue squares shows multiple main sources.
Top row: comparison of HST-ACS input and GALFIT-M output I-band
magnitudes. Bottom row: same comparison as in top row, but instead
of input high-resolution photometry we plot low-resolution HST-ACS-
F814W photometry from OTELO catalogue. Lines represent the 25th
and 75th percentile of the colour distribution per magnitude bin: light
green dot-dashed – individual; dark red dashed – multiples; light blue
dot-dashed – multiple main. See text for details on the samples selection
(Sect. 4).

In Fig. 4, we show the difference of the output GALFIT-M
model magnitude (IGF) and the input high-resolution I-band
HST photometry (IGF − Iinput), as well as the low-resolution
photometric data of the PSF-matched HST-ACS I-band from
OTELO catalogue (IGF − Ilow−res.). This figure illustrates the
importance of the match and selection process described above.

Fig. 5. Redshift distribution of the selected morphological sample (see
text for details). Peaks in the distribution corresponds to specific emis-
sion lines, as seen in OTELO spectra range up to z = 2. Solid black line
shows all sources in morphological sample, gray dot-dashed line shows
LT galaxies, while black filled histogram shows ET galaxies.

This figure shows individual (green squares) together with mul-
tiple matches (red up-triangles) in the left column, while multi-
ple (red left-triangles) and selected multiple main (blue squares)
sources are on the right side. Considering the upper-left panel,
we can clearly see that for individual sources, GALFIT-M returns
expected values. The dispersion (upper-left panel, green squares)
of the magnitudes towards brighter-output GALFIT-M magni-
tudes is expected due to the integration of the single-Sérsic
model to infinity (e.g., Häussler et al. 2007; Häußler et al. 2013).
While multiple main (upper-right panel, blue squares) behave in
a similar way, their matched group members show larger disper-
sion. This is even more evident in the case of the low-resolution
photometry (bottom row). Thus, even if, on one hand, we intro-
duce bias in our sample selection, on the other hand, we guar-
antee the correspondence of the parameters from low-resolution
data-base to the counterparts in high-resolution data.

On the basis of the source matching scheme described above,
we focus on the meaningful results of the sources labeled as
individual (2780) and multiple main sources (1108). This gives
3888 sources from which 3658 have any zphot solution from the
OTELO catalogue while 2995 have zphot in the range 0 ≤ zphot ≤

2 (hereafter morphological sample). Figure 5 shows the redshift
distribution of the morphological sample, with LT (2873) and
ET (122) sources up to zphot = 2. The peaks of distribution cor-
respond to redshifts at which the OTELO survey sees specific
emission lines, for example, zphot ∼ 0.35, 0.8, and 1.75 for Hα,
[O iii] and [Nevi], respectively. We are aware of the possible
misclassification of LT and ET using SED templates. However,
de Diego et al. (2020) showed that less than 2% are misclassi-
fied using dense neural networks for the subset of the data used
in this work (see their Sect. 3.1.4). Thus, for the aims of this
work, we consider the OTELO’s classification as correct.

This restrictive selection process reduces dramatically the
size of the final morphological sample (see Fig. 2). However, in
order to use parameters derived in previous works (PSF photom-
etry, zphot, templates classifications associated with zphot, stellar
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Fig. 6. Magnitude comparison with Griffith et al. (2012). Step his-
togram in gray (dot-dashed line) show common sample, while step
histogram (continuous line) show remaining OTELO sources with no
matched counterpart from ACS-GC (i.e. only found in OTELO). Filled
gray and black histograms correspond to the morphological sample (see
Sect. 4.2) from common sample and without counterpart from ACS-GC
(i.e. only found in OTELO), respectively. Numbers in the legend indi-
cate the number of sources in the particular sub-sample.

masses, and other OTELO-data products), this selection process
is the most reasonable and responsible way to minimise possible
biases due to the differences in the data used in the parameter
estimation.

4.3. Comparison with ACS-GC catalogue

In this work, we used the same data as previously analysed
by Griffith et al. (2012, ACS-GC catalogue), thus, we want to
provide a quantitative comparison of the number of success-
fully analysed sources. The ACS-GC catalogue is based on
the standard GALFIT version, which treats all bands separately.
On the other hand, the multi-wavelength version GALFIT-M,
implemented in GALAPAGOS2 and used in this work, allows us
to simultaneously fit the data in all given bands using a lin-
ear Chebyshev polynomial. This multi-wavelength version of
GALFIT has been shown to be more robust for the low-S/N bands
(Häußler et al. 2013). For the purpose of this comparison, we
used a common sample composed of the matched sources from
ACS-GC and our G2 sample (with 8812 objects, see Sect. 4.1 for
G2 sample definition). A total of 4724 sources were matched,
and these constitute the common sample. The remaining 4088
sources from our G2 sample have no counterpart in ACS-GC
(OTELO-only sample). The model-based I-band magnitude for
both, the common sample, and the OTELO-only sample are
shown in Fig. 6. Since the OTELO-only sample may still con-
tain results that are not meaningful for our study, we addition-
ally show the magnitude distribution for each sub-sample which
corresponds to the morphological sample defined in Sect. 4.2.
From these sub-samples, a total of 3015 sources were found
in common (median I-band mag. = 24.4), while the remaining
873 were detected only in the OTELO catalogue (median I-band
mag = 26). We recovered a significant number of robust sources

not presented in previous works, which fall into the faint end of
the magnitude distribution (∼1.5 mag fainter).

Regarding the common sample (4724 sources), in Fig. 7 we
show comparison of model-based I-band results for magnitudes
IGF, Sérsic index nI , and effective radius re,I . In order to make our
comparison sensitive to S/N, we divided the common sample into
four magnitude bins (IGF ≤ 24, 24 < IGF ≤ 25, 25 < IGF ≤ 26,
and IGF > 26; colour-coded in all panels). The left panel shows
the magnitude comparison and it is clear that both catalogues are
in agreement. The middle and right panels represent the Sérsic
index, nI , and effective radius, re,I for a direct comparison of both
catalogues, ACS-GC and OTELO. In the middle panel, where nI
is represented, we can notice that part of ACS-GC results is accu-
mulated in three discrete values, that is, at nI = 0, around 0.2, and
8. These are the results for which GALFIT run into constraint val-
ues, and should not be considered as valid. While this is clearly
visible for ACS-GC, much fewer sources are found at these con-
straint values among the OTELO results. The same is true for the
effective radius, re, shown on the right panel, although less pro-
nounced, as compared to the Sérsic index.

In Fig. 8, we show histograms for nI and re,I per magnitude
bins. In these histograms, we include sources from the common
sample after applying the criteria 2 and 3 listed in Sect. 4.1 (i.e.
0.205 < nI < 7.95, and 0.301 < re,I < 399, thus remov-
ing sources with results that hit constraint values) for both cat-
alogues. We indicate the difference of the sources in OTELO and
ACS-GC for each parameter and bin (numbers between brack-
ets) after applying the aforementioned criteria. As can be seen,
for both parameters and all magnitude bins, OTELO has sub-
stantially more sources with meaningful results. The greatest
difference is observed in the faintest bin, thus confirming that
the multi-wavelength version of GALFIT used in this work is
more robust, especially in the low S/N regime. Similar results
are obtained for the remaining parameters, as well as for the
V-band.

5. Morphology analysis

Among the data returned by GALAPAGOS2 there are model-based
parameters like magnitudes (VGF, IGF), Sérsic indices (n), and
effective radii (re, containing 50% of the model flux) for each
input filter, that is, HST-ACS I- and V-band. The analysis also
includes the parameters obtained from the separate SExtractor
run, as described in Sect. 3.2 (e.g., concentration index), as well
as stellar masses, M∗, from Nadolny et al. (2020).

Figure 9 shows the results of a linear discriminant analysis of
model-based (VGF−IGF) and observed (u−r) colours performed to
find the most accurate ET-LT separation. We found cuts of 1.7 and
2.5 to be the most accurate for (VGF− IGF) and (u−r), respectively.
Using these limits, we found ET completeness and contamination
of 39% and 63% for (VGF − IGF), and 62% and 35% for (u−r),
respectively. The small spectral separation of the filters used to
calculate the (VGF − IGF) colour translates into the relatively poor
separation of ET from LT galaxies, with a higher contamination
of LT in the expected region for ET. The (u−r) colour with larger
wavelength separation, gives better results in terms of complete-
ness and contamination. This shows that (u−r) is more adequate
for ET-LT separation. The (u−r) colour cut found in this work is
higher than that reported by Strateva et al. (2001) and we attribute
this with the redshift range of our sample.

The high completeness (>97%) of LT in blue cloud is likely
due to the selection process, where we cleared out the morpho-
logical sample from possible QSO or AGN and mergers or inter-
acting galaxies, as described in Sect. 4.1. In order to carry out a
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Fig. 7. Comparison of the results from this work with those obtained by Griffith et al. (2012) for the common sample. From left to right: model-
based I-band magnitude IGF, Sérsic index nI , and effective radius re,I . Sources corresponding to each magnitude bin are colour-coded, as shown in
the legend on the left panel. Red dashed lines represent 1:1 relation.

Fig. 8. Comparison of the results from this work with those obtained by Griffith et al. (2012). Top row: contains a comparison of the Sérsic index
nI distributions, while the bottom row represents the logarithm of effective radius re,I . Each panel show a comparison for each magnitude bin
indicated in the top-right corner. Numbers between brackets show the number of sources recovered in this work.

second check, we used the criteria from Schawinski et al. (2014,
their Eqs. (1) and (2)) to separate blue cloud, green valley, and
red sequence galaxies. We found that ∼8% of our LT galaxies
are in their red sequence as compared with 7% in their work (see
their Table 1).

The bottom-left panel of Fig. 10 shows the Sérsic index dis-
tribution as a function of (u−r) colour. The overall Sérsic indices
fall in the expected ranges of values for ET and LT galaxies
(top-left histogram). The median values of nI index are 1.3± 0.6
and 3.0± 0.9 for LT and ET, respectively. Uncertainties cited
in this section are median absolute deviations. The increase
of n from LT to ET is expected, since LT are disc-dominated

(described with lower Sérsic index of n ∼ 1) and ET are bulge-
dominated (i.e. n & 4) galaxies. A very similar trend is observed
for nV (measured on V-band) with median values of 1.1± 0.6 and
3.0± 1.2 for LT and ET, respectively. The V-band results are not
shown for the sake of clarity. As can be seen in the same panel
of Fig. 10, there are two well-defined regions occupied by red &
high-n ET galaxies [(u−r) > 2.3 and log n > 0.4] and blue &
low-n LT galaxies [(u−r) < 2.3 and log n < 0.4]. We found a ET
completeness in the red & high-n zone of 59%, with a contami-
nation of 30%. The completeness (and contamination) provided
by this method according to Vika et al. (2015) is of 63% (53%)
for their artificially redshifted sample (see their Table 1). In the
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Fig. 9. Comparison between (VGF − IGF) and (u−r) colours. Triangles
and solid lines in gray represent LT, squares and dashed lines in black
correspond to ET galaxies. Top and right-hand: density histograms
correspond to (VGF − IGF) and (u−r), respectively. Dot-dashed lines
show the results of linear discriminant analysis of both colours with
(VGF − IGF) = 1.7 and (u−r) = 2.5.

same panel of Fig. 10, we show the results of the linear discrim-
inant analysis from de Diego et al. (2020). Using this discrimi-
nant for the morphological sample, we found 98% and 66% of
completeness for LT and ET, respectively.

The concentration index c90/50, defined as ratio of
SExtractor I-band flux radius containing 90% and 50% of the
flux, is shown in the middle panel of Fig. 10. The median values
of I-band c90/50 are 1.9± 0.2 and 2.4± 0.2 for LT and ET, respec-
tively. Again, very similar median values are observed for V-
band c90/50 with 1.9± 0.2 and 2.3± 0.2 for LT and ET. As shown
in previous works (e.g., Strateva et al. 2001), this parameter does
not provide a good separation of ET-LT and it can only yield a
crude classification.

The last parameter in Fig. 10 (third panel) shows the ratio
of Sérsic indices in both HST bands N I

V = nI /nV , as defined by
Vika et al. (2015). This parameter, together with a colour term, is
shown to be sensitive to the internal structure. Median values of
N I

V for LT and ET are 1.1± 0.4 and 1.0± 0.2, respectively. This
indicates that the ET sub-sample is well defined around N I

V =
1. This is an expected result because of the very nature of red
ET galaxies, which show less variation of the Sérsic profile with
wavelength (e.g., Vulcani et al. 2014). Using cuts of N I

V < 1.2
and (u−r) > 2.3, Vika et al. (2015) found 70% of completeness
and 50% of contamination for ET galaxies. Here, we report 60%
of ET completeness with 42% of LT contamination using the
same cuts in N I

V and (u−r).

5.1. Testing the mass–size relation

Using stellar masses, M∗, and physical sizes estimated using
model-based flux radius, re, we can study the mass–size
relation (MSR). In order to probe if there are any signs of evo-
lution in the MSR since z = 2, we divided our sample into three
redshift bins or volumes (vol1: z < 0.5, vol2: 0.5 ≤ z < 1, and
vol3: 1 ≤ z < 2). For each bin and for each morphological type,

we fit a single power law of the form:

re = a (M∗/M�)b. (2)

The parameters of the best-fit functions for each cosmic vol-
ume, as well as median redshifts, are given in Table 2. These
functions are represented in Fig. 11. As can be seen, the slope
of the relation fitted in this process do not vary significantly
between different redshift bins for a given morphological type
(the black lines in the middle and right panel in Fig. 11 show
the fits from the first redshift bin). It is noticeable that, on one
hand OTELO miss the high-mass end (>1011 M�) of the LT and
ET galaxies, while on the other hand, there is also a low store of
statistics with regard to the ET galaxies in the last redshift bin
(resulting in high errors in the best-fit power law; see Table 2).

The OTELO survey was designed to recover the low-mass
end of the field galaxy population. Indeed, in our MSR, we can
see that it extends towards lower stellar masses, if compared with
previous works. Thus, in all panels of Fig. 11 we additionally
represent the fits from Mowla et al. (2019) for star-forming (LT)
and quiescent (ET) for the same redshift bins. Their separation
onto star-forming and quiescent galaxies is based on U, V , and J
rest-frame bands. For the purpose of the comparison, presented
in what follows, this selection is compatible with our ET-LT sep-
aration (van der Wel et al. 2014). Our MSR for LT galaxies is
consistent with those given by Mowla et al. (2019), even taking
into account the differences in the mass range studied in both
works. However, the slope obtained by these authors in the case
of ET galaxies is stepper than the fitted in this work for all red-
shift bins, with the largest difference in the last volume 1 ≤ z < 2
(0.73 and 0.56, in Mowla et al. 2019 and in this work, respec-
tively). This difference mainly obeys to the fact that the galaxies
studied in Mowla et al. (2019) are massive log M∗/M� > 11.3,
complemented with galaxies from van der Wel et al. (2014, 3D-
HST+CANDELS). Precisely, this addendum contains a great
part of the ET galaxies of the resulting sample in the last redshift
bin studied in their work. Since both works, van der Wel et al.
(2014) and Mowla et al. (2019) are consistent, we decided to
only keep the fits from the latter.

It is worthwhile noting that due to the limited OTELO’s
field of view (∼56 arcmin2), the co-moving volume surveyed
is relatively small if compared with broadly known extragalac-
tic surveys (e.g., SDSS, COSMOS, CANDELS). This fact may
introduce a bias towards the detection of sources with lower
masses, thus losing the high-mass end. For instance, if the results
of the zCOSMOS survey are scaled to the sky area explored
by OTELO, and using the same selection criteria given by
López-Sanjuan et al. (2012, i.e. 0.1 < z < 1.1, log M∗/M� > 11
and OTELOdeep < 24), we should find 11 sources in the census
of the OTELO survey. However, following the selection process
described in Sect. 4, we are left with only four sources. Hence,
it is necessary to stress that we lose ∼60% of the high-mass end
as a result of the limited sky covering of our survey.

In Fig. 12, we show ET and LT galaxies analysed in this work
without separation onto redshift bins. In this figure, we show the
power–law fits to the whole ET and LT samples (tabulated in
the bottom part of Table 2), as well as results from Lange et al.
(2015, their Tables 2 and 3, i-band fits), where the local galaxy
sample was studied (0.01 < z < 0.1, log M∗/M� ∼ 7.5−11).
The MSR for ET and LT populations of OTELO are consistent
with the low-redshift relation. In order to test the effects of the
selected stellar mass range when comparing our results with pre-
vious studies, we limited our sample to the lower limits given
in Shen et al. (2003). These limits in log M∗/M� are 10.1 and
8.8 for ET and LT galaxies, respectively. Both limits correspond
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Fig. 10. Observed (u−r) colour as a function of morphological parameters. From left to right: Sérsic index, nI , concentration index, c90/50, and
wavelength-dependent ratio of Sérsic indices N I

V . Triangles and solid lines in gray (histograms) show LT, squares and dashed lines in black
(histograms) show ET galaxies. The top histograms correspond to the respective value, as indicated in x-axis label, while right-hand histogram
show the (u−r) colour distribution. All histograms represent density distributions. Horizontal dot-dashed line in black shows (u−r) = 2.5. Red
dashed line show linear discriminant analysis result from de Diego et al. (2020). Dashed lines in magenta represent limits from Vika et al. (2015):
vertical cut in (u−r) = 2.3, while on the left and right panels horizontal dashed-lines in magenta represent log(nI) = 0.4 and log(N I

V ) = 0.08,
respectively (see Sect. 6).

Table 2. Results of the power law fitting of the MSR.

Samples 〈z〉 log a b n log M∗/M�
range

ET vol1 0.33 −3.41± 0.63 0.37± 0.07 37 6.03–10.80
ET vol2 0.77 −3.53± 0.56 0.38± 0.06 68 8.48–11.12
ET vol3 1.11 −5.42± 3.31 0.56± 0.32 17 9.97–10.92
LT vol1 0.34 −1.87± 0.13 0.24± 0.02 749 5.42–10.78
LT vol2 0.79 −1.21± 0.13 0.18± 0.01 964 7.40–11.91
LT vol3 1.39 −1.41± 0.18 0.20± 0.02 1160 7.77–11.06
ET all 0.66 −3.44± 0.32 0.38± 0.03 122 6.03–11.12
LT all 0.88 −1.74± 0.06 0.23± 0.01 2873 5.42–11.91

Notes. Redshift bins are defined as follows: vol1: z < 0.5, vol2: 0.5 ≤
z < 1, and vol3: 1 ≤ z < 2. Median redshift for each volume and type
is given in Col. 2. For each bin we fit a single power law according to
Eq. (2), with the number of galaxies and stellar mass range indicated
in the two last columns. These are shown in Fig. 11. The last two rows
give the results of fit using all the sources in ET and LT samples – both
are shown in Fig. 12.

to median mass values of ET and LT samples studied in this
work (i.e. by removing considerable part of our sample). Even
so, using these mass-limited samples, we found a good agree-
ment between our fit and the results of Shen et al. (2003). For the
sake of clarity, we do not include these results in Fig. 12. In the
top panel of the same figure, we show the distribution of stellar
masses for ET and LT galaxies. It is noticeable that both popu-
lations dominate in different mass regimes, with median values
of log M∗/M� ∼ 8.8 and 10.12 for LT and ET galaxies, respec-

tively. On the other hand, as can be seen on the right panel of
Fig. 12, both galaxy populations occupy the similar range of
physical sizes. In Sect. 6, we present more detailed discussion
on possible median size evolution in the re−z space.

5.2. Errors

As described in Peng et al. (2010), the formal uncertainties
derived in GALFIT-M are only the lower estimates. After exten-
sive simulations and tests of this software, Häussler et al. (2007)
provided estimates of uncertainties based on the comparison of
input and output values as a function of surface brightness. In
Fig. 13, we show the errors from Häussler et al. (2007) and nom-
inal errors from GALFIT-M from this study as a function of the
surface brightness (defined as in Häussler et al. 2007), given by:

µoutput = mag + 2.5 log[2(b/a) π r2
e ], (3)

where mag is the I-band magnitude, b/a the axis ratio, and re
the half-light radius in arcseconds. The µoutput is calculated using
the output GALFIT-M parameters. We note that even the nominal
error values are the lower estimates, as it is clearly seen that these
behave as expected – the errors increase with surface brightness
for all parameters (even if this is not so evident for n, Q, and
PA). This is also seen if the errors are represented as a function
of Iinput (however, we do not show this relation here). We report
the nominal values of the errors with the indication that these
are lower-bound estimates (at least for bright objects) since the
total error budget would require performing simulations as in
Häussler et al. (2007), which is beyond the scope of this work.

A89, page 10 of 15

https://dexter.edpsciences.org/applet.php?DOI=10.1051/0004-6361/202037861&pdf_id=10


J. Nadolny et al.: The OTELO survey as morphological probe

Fig. 11. Mass–size relation. Each panel correspond to selected cosmic volumes: z < 0.5, vol2: 0.5 ≤ z < 1, and vol3: 1 ≤ z < 2. Gray triangles and
black squares show LT and ET galaxies, respectively. Dot-dashed blue and dashed red lines show power–law fits for LT and ET data, respectively,
according to Eq. (2). The best-fit parameters are given in Table 2. Gray dot-dashed, and dashed lines in the middle and right panels show the fits
for LT and ET obtained for the first cosmic volume (vol1). Dot-dashed green and dashed magenta lines represent LT (SF) and ET (Q) MSR from
Mowla et al. (2019).

Fig. 12. Mass–size relation. Gray triangles and black squares show LT
and ET galaxies, respectively. Dot-dashed blue and dashed red lines
show linear fits for LT and ET data, respectively. Thin dot-dashed green
and dashed magenta lines represent LT and ET MSR from Lange et al.
(2015). Top and right panels: density histograms of stellar mass and
size, respectively. The results of the fitted power law parameters are
given at the bottom of Table 2.

6. Discussion

Strateva et al. (2001) demonstrated that a (u−r) = 2.22 colour-
cut separation can be useful for a broad segregation of ET from
LT. They used a sample with more than 140 000 galaxies from
the SDSS survey down to magnitude g = 21 and z < 0.4. Even
though this particular method does not directly use the parame-
ters derived in this work, it is interesting to test its performance
using the OTELO catalogue. This method uses parameters that
are relatively easy to obtain, namely, the observed magnitudes
in the g, r, and u bands, which are available also in the OTELO
catalogue. Figure 15 shows how this method is able to separate

Fig. 13. Errors of given parameter as a function of surface brightness
µoutput. Black dots show the outcome from this work and the red dots
show data for selected ( f 1 = 1) galaxies from Häussler et al. (2007).
Top panels: density distribution of µoutput with median values marked as
red dashed-lines (22.3) and black dot-dashed lines (23.04).

sources in the morphological sample up to zphot = 2. Nearly
81% (97%) of ET (LT) from the morphological sample are
correctly separated, namely, with (u−r) ≥ 2.22 (<2.22). The reli-
ability (defined as in Strateva et al. 2001) of ET (LT) selection
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for this method is of 54% (99%). As compared to values from
Strateva et al. (2001), their ET (LT) completeness and reliabil-
ity are 98% (72%) and 83% (96%) for the spectroscopic sample
and 80% (66%) and 62% (83%) for visually classified galaxies,
respectively (see their Tables 2 and 3). Although the complete-
ness of our ET selection using this method decreases slightly,
our sample extends to a much higher redshift and is deeper in
magnitude than both samples presented in Strateva et al. (2001).
Despite this, an appropriate (u−r) colour-cut separation could be
used as a fair proxy to a ET-LT segregation in OTELO data.

The stellar mass–size relations for ET and LT (Fig. 12) in our
sample, regardless of the separation in redshift bins, are in agree-
ment with the general trends at low redshift reported in the recent
literature (Shen et al. 2003; Lange et al. 2015). According to
these authors, and leaving aside the data scattering, the MSR for
ET galaxies is steeper than the corresponding to LT, as confirmed
in this work. Furthermore, the stellar mass distributions show a
sort of bi-modality, with LT galaxies being less massive than ET
sources (in our case, with median values of log M∗/M� = 8.8 and
10.12, respectively). Finally, according to the results given in
Sect. 5 we cannot draw any conclusion about the possible evolu-
tion of the MSR in both types, considering stellar-mass range
studied (Fig. 12). Recent studies of the MSR in similar red-
shift range as studied in this work (e.g., van der Wel et al. 2014;
Roy et al. 2018; Mowla et al. 2019, and references therein) point
out to a median size evolution of galaxies with redshift (re−z).
In particular, Mowla et al. (2019) used I-band HST-ACS images
to quantify the re−z relation for COSMOS-DASH survey, that
is, the same instrument and filter of the HST as in this work.
The use of the same photometric band is especially important
because of the claimed dependence of size on the wavelength
at which the measurements are done (e.g., Kelvin et al. 2012).
Since the MSR presented by Mowla et al. (2019) do not match
stellar-mass ranges studied here, we compare the re−z for three
fixed mass of log M∗/M� = 10, 10.5, and, 11 and, furthermore,
including lower-mass bins of log M∗/M� = 8 and 9 for the
LT galaxies from this work. In Fig. 14, we show the results of
this comparison. In this figure, we only plotted median size val-
ues for bins where we have more than three objects (we note
that for the ET most massive stellar-mass bin, we plotted only
the intermediate redshift bin). This ensures a more robust com-
parison with previous works. Considering, the re−z relation for
fixed stellar-mass of log M∗/M� = 10.5 (red lines and points in
Fig. 14) for which OTELO have sufficient statistics in both mor-
phological types, we can notice that our results are consistent
with Mowla et al. (2019): ET galaxies present steeper median
size evolution, as compared to LT population. Furthermore, we
show the median size evolution for LT galaxies in the previously
unexplored mass regime, namely, for log M∗/M� of 8, and 9.
These are two mass bins where OTELO do have sufficient num-
ber of sources in all redshifts (between ∼50 and ∼450). We find
very mild evolution of median size for these masses, which is
compatible with the scenario of passive evolution for this type of
galaxy (e.g., van der Wel et al. 2014; Mowla et al. 2019). Gener-
ally speaking, and taking into account the biases introduced in
our selection process (under-representation of high-mass end),
our results are in agreement with previous findings on MSR, as
well as on the median size evolution re−z.

7. Morphological catalogue

Together with this work, we are making the morphological cat-
alogue public, along with the aforementioned parameters. The
catalogue can be retrieved from our website or from the CDS.

Fig. 14. Median size evolution with redshift, the re−z relation. Median
sizes are shown for fixed stellar mass bins centered at log M∗/M� = 8,
9, 10, 10.5, and 11 with colours indicated in the figure (bin width of
0.5 dex). We note that only three of the most massive bins are shown for
ET for each volume (top panel). Filled symbols represent data from this
work, while open markers shows data from Mowla et al. (2019), their
Table 3 (including errors). Our error bars represent the median absolute
deviation of the data in each bin. We plot median sizes for bins that have
more than three sources.

Table 3 provides the description of parameters in the cata-
logue. The unique the OTELO object number idobj can be
used to match results from this work with the OTELO cata-
logue. The catalogue presented in this work consists of the G2
sample (as defined in Sect. 4) with 8813 detections in HST-
ACS I-band image, namely, all the sources with a successful
fit from GALAPAGOS2 (not necessarily meaningful). The flag
flag_good (=1) indicates the meaningful selection (6780). The
derived parameters from GALAPAGOS2 were measured in both
available bands, namely, V (F606W) and I (F814W) from HST-
ACS. The morphological sample (studied in this work) can
be easily recovered using 0< z_phot< 2. These are sources
with ‘good’ GALAPAGOS2 output parameters and with individual
match to the OTELO catalogue (the closest in the case of mul-
tiple matches). For these sources, we include several parameters
from the OTELO catalogue (unique OTELO id idobj, selected
photometric redshift z_phot, and template associated with
selected redshift; see Sect. 2.1) and the stellar mass estimation
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Table 3. Column description of the morphological catalogue.

Parameter Description

NUMBER SExtractor object number in HST-ACS I-band GALAPAGOS2 catalogue
ALPHA, DELTA Equatorial coordinates (J2000) of the object in HST-ACS I-band image
MAG_GF_X (a),(b) Output X-band magnitude
MAGERR_GF_X Error on output X-band magnitude
RE_GF_X Output X-band effective radius
REERR_GF_X Error on output X-band effective radius
N_GF_X Output X-band Sérsic index n
NERR_GF_X Error on output X-band Sérsic index n
Q_GF_X Output X-band axis-ratio
QERR_GF_X Error on output X-band axis-ratio
PA_GF_X Output X-band position angle
PAERR_GF_X Error on output X-band position angle
FLUX_RADIUS_X_Y (c) SExtractor flux radius for Y% of the total flux in X-band
MAG_AUTO_X SExtractor X-band magnitude
MAGERR_AUTO_X Error on SExtractor X-band magnitude
flag_good Flag indicating “good” GALAPAGOS2 results (=1; see Sect. 4)
idobj (d) OTELO object number in raw catalogue
GroupID Index of the group of sources matched to the same OTELO idobj
GroupSize Number of sources NUMBER in given GroupID
Separation Separation of NUMBER in arcseconds from OTELO source idobj
z_phot Photometric redshift zphot selected from OTELO catalogue
z_phot_err Error on zphot selected from OTELO catalogue
template Template associated with zphot solution used in this work from OTELO catalogue
LogM Stellar mass estimated using template associated with zphot
LogM_err Error on stellar mass

Notes. (a)Where GF is GALFIT-M output value. (b)Where X is V or I (HST-ACS F606W or F814W, respectively). (c)Where Y is 20, 30, 50, 80 or 90
(% of the total flux in given radius). (d)idobj – LogM_err only sources with individual match with OTELO or the closest of the multiple matches
(multiple main); total of 3658.

Fig. 15. ET-LT colour separation from Strateva et al. (2001) using
data from this work. Gray triangles and black squares represents LT
and ET galaxies classified via templates. Dot-dashed line represent
(u−r) = 2.22.

from Nadolny et al. (2020). The multiple matches can be iden-
tified by GroupID and GroupSize, however only the closest to
the OTELO catalogue position is indicated, for sake of clarity. In
Fig. 16 we show images from the fitting process with original,
model, and residual images for several sources.

8. Conclusions

In this paper, we aim to present the morphological catalogue
of 8813 sources detected in HST-ACS I-band in the frame-
work of the OTELO survey. This catalogue contains the multi-

wavelength morphological parameters of a single-Sérsic model
fitted to HST-ACS V- and I-bands employing GALAPAGOS2, as
well as stellar masses. The unique combination of this morpho-
logical and the OTELO catalogues provides a valuable tool for
the study of different aspects of galaxy evolution.

Using OTELO’s ET-LT galaxy classification via templates,
we examined some of the methods found in the literature using
the derived parameters. A rigorous sample selection assures the
exact correspondence of data from the OTELO catalogue to mor-
phological parameters obtained from the high resolution images.
We found great similarities in the results with regard to previous
works of ET and LT separation in terms of the Sérsic index n,
ratio of Sérsic index in I- and V-band N I

V , and observed colour
(u−r). Furthermore, we also tested an independent classifica-
tion method which uses only the observed colours, described in
Strateva et al. (2001). A general agreement was found despite its
own reliability.

Due to the statistical similarities among the ET-LT separa-
tion using methods employed in the low-z Universe, we found
no evidence of evolution for the studied parameters. This is also
confirmed in the case of the MSR relation, which we found to
closely follow the local MSR from Lange et al. (2015, z < 0.1),
as shown in Fig. 12. We note, however, that our selection process
does indeed bias the sample, and in the case of MSR, we lose
a portion of the massive (log M∗/M� > 11) ET galaxies. This
bias towards less massive galaxies in our sample is evident when
comparing our results to the sample obtained with MSR of more
massive (log M∗/M� > 11.3) sources at the same redshift bins
(Mowla et al. 2019). In particular, the MSR for ET galaxies for
the highest redshift bin is not sufficiently sampled, resulting in an
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(a) (b)

(c) (d)

(e) (f)

Fig. 16. Examples of LT (left column) and ET (right column) sources. For each source, we show (from left to right) the original HST-ACS-I band
image, GALFIT-M model and residual image. LT and ET classification is obtained from SED fitting to the templates, as described in Sect. 2.1.
(a) id: 1003. (b) id: 279. (c) id: 5691. (d) id: 6176. (e) id: 7249. (f) id: 10555.

offset of ∼0.4 dex in size. This is also reflected in the errors of the
power–law parameters fitted for this particular sub-sample. We
also investigated the median size evolution since z = 2, finding a
good agreement with the recent study of Mowla et al. (2019): the
median size of ET galaxies evolves more steeply than the median
size of LT for a given stellar mass. In any case, these results cor-
roborate the fact that our sample is composed of field galaxies.
Thus, we are in the position to make comparisons between clus-
ter versus field galaxies – which is to make up the scope of a
future work. In this context, we will make use of the GLACE
survey (Sánchez-Portal et al. 2015), whose design and purpose
are very closely related to those of the OTELO survey.

Several scientific cases are under study by our team using
this dataset. These are: a comparison of sources with and with-
out emission lines detected in OTELO; using machine learning
techniques to improve ET-LT separation through colour prox-
ies, morphology, and redshift (e.g., using the catalogue from this
work with OTELO photometry and redshift in de Diego et al.
2020); a comparison of cluster versus field galaxies; and, finally,
a study of compact galaxies and ET galaxies with emission lines.
The latter two are already in preparation.

Together with this paper, we provide a public morphological
catalogue with 8813 entries as described in Sect. 7 and Table 3.
The sources studied in this article, along with additional infor-
mation (stellar masses, zphot, and morphological classification
via templates) can be easily recovered from the catalogue.
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