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ABSTRACT

This thesis aims at discerning the effect of environment on galaxy evolution and on the proper-
ties of galaxies, which still remains under debate after decades. We use the data from the miniJPAS
survey, a 1 deg? survey that uses the same photometric filter system as the incoming J-PAS survey,
which is already in its scientific verification phase. This system is composed of 56 narrow-band

filters that provide an spectral resolution comparable to low-resolution spectroscopy.

We study the effect of environment using two approaches. The first approach consists on the
study of the properties of the spatially resolved galaxies from miniJPAS by taking advantage of
its large field of view and photometric system, which brings the opportunity to perform unbiased
IFU-like studies in different environments. Secondly, we studied the galaxy population in the most

massive galaxy cluster detected in the miniJPAS footprint, that is, the cluster mJPC2470-1771.

In order to study the properties of the spatially resolved galaxies, we have developed a tool
that automatises all the required processes for the analysis of the data. These mainly comprise
the download of scientific tables and images, the masking of nearby sources, PSF homogenisation
of the miniJPAS images, the definition of galaxy regions, and the determination of the integrated
fluxes and magnitudes of each region. With these magnitudes, the stellar population properties are
constrained using BaySeAGal (an external and bayesian fitting code for spectral energy distribu-
tion). The properties related to emission lines are estimated using an external algorithm based on
artificial neural networks, which was specifically trained to work with data from the miniJPAS and

J-PAS surveys.

After probing the accuracy and reliability of the photmetry obtained with our tool, we apply
it to a miniJPAS sample of spatially resolved galaxies, divided into four sub-samples according to
their spectral-type (red/quiescent and blue/star forming), and environment (field or galaxy group).
With this classification we studied the stellar population properties and the emission lines of the
regions of these spatially resolved galaxies, as well as the effect of environment. For this purpose,
we compare the properties of the four categories of galaxies, using stellar surface mass density—
colour diagrams, radial profiles of the properties, and stellar population gradients. In addition, we
explore the relation between some of these properties and comparing the star formation history of
inner and outer parts of the galaxies. We find that the properties of the regions of blue and red

galaxies are well differentiated, but there we do not find any significant effect of the environment



on them. We find that redder, denser regions are usually older, more metal rich, and show lower
values of the intensity of the star formation rate and the specific star formation rate than bluer and
less dense regions. The higher extinction values are found in blue, dense regions, as well as some
of the most metal rich regions.

Regarding the mJPC2470-1771 cluster, we obtain their stellar population properties using Bay-
SeAGal, and we select a sample of emission line galaxies using a contrast method along with the
previous artificial neural networks. Our results point that more massive, redder and older galaxies
typically populate the inner regions of the cluster. Most of the emission line galaxies are blue, star
forming galaxies, which are more common in the cluster outskirts. Furthermore, active galactic
nuclei host are also detected, with a greater presence in the central regions of the cluster. As a
conclusion, our results suggest that galaxies in clusters are formed at a similar epoch, but have
experienced different star formation histories.

We conclude that the environment plays a role on galaxy evolution, but it is mainly reflected
through the galaxy populations found in high density environments, such as galaxy clusters and
groups, where the fraction of red, quiescent galaxies is larger in comparison to the field. On the
other hand, the distribution of the properties of blue galaxies is shifted towards more massive, red-
der, and older values. However, at a fixed value of the stellar mass and colour, these properties
are similar to their counterparts in the field. Similarly, the properties of the regions of the spatially
resolved galaxies are well determined by their colour and stellar mass density, but the group envi-
ronment is not dense enough as to show any significant difference on the properties of the regions
of galaxies in groups when compared to galaxies in the field. In the spatially resolved case, this
may be a consequence of the typical mass of the groups in our spatially resolved sample, since
it might not be high enough to produce a significant effect on the properties of the galaxies, as
opposed to the case of massive galaxy clusters. The importance of the mass of the group or the
cluster is observed for example in the quenched fraction excess, which is significantly larger in the

cluster than in the low mass groups found in miniJPAS.
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RESUMEN

El objetivo de esta tesis doctoral es discernir el efecto del entorno en la evolucién y las
propiedades de las galaxias, que sigue siendo objeto de debate tras décadas de investigacion. Para
ello usamos los datos de miniJPAS, un sondeo de 1 grado cuadrado que utiliza el mismo sistema
de filtros fotométricos que sondeo J-PAS, el cual se encuentra en su fase de verificacion cientifica.
Este sistema se compone de 56 filtros de banda estrecha que proporcionan una resolucion espectral

comparable a la espectroscopia de baja resolucion.

Estudiamos el efecto del entorno mediante dos enfoques distintos. El primero consiste en el
estudio de las propiedades espacialmente resueltas de las galaxias de miniJPAS, aprovechando
su gran campo de visién y su sistema de filtros, que permiten realizar estudios de tipo IFU li-
bres de sesgos en distintos entornos. Posteriormente, estudiamos las poblaciones de galaxias
pertenecientes al cimulo de galaxias mds masivo detectado en el campo de miniJPAS, esto es,

el camulo mJPC2470-1771.

Para poder estudiar las propiedades de las galaxias espacialmente resueltas hemos desarrollado
un herramienta que automatiza todos los procesos requeridos para el andlisis de los datos. Estos
procesos se componen principalmente de la descarga de las tabla e imagenes cientificas, el enmas-
caramiento de las fuentes cercanas, la homogeneizacién de PSF de las imdgenes de miniJPAS, la
segmentacion de la galaxia en distintas regiones y el calculo de los flujos y magnitudes integrados
en dichas regiones. Con estas magnitudes, constrefiimos las propiedades de las poblaciones este-
lares utilizando BaySeAGal (un cédigo externo y bayesiano para el ajuste de la distribucion de la
energia espectral). Las propiedades relacionadas con las lineas de emision son estimadas con un
algoritmo externo basado en redes neuronales artificiales, entrenado especificamente para trabajar

con los datos de miniJPAS y J-PAS.

Tras demostrar la precision y fiabilidad de la fotometria obtenida con nuestra herramienta, pro-
cedemos a aplicarla a la muestra de galaxias espacialmente resueltas en miniJPAS, divididas en
cuatro subgrupos de acuerdo a su tipo espectral (rojas/pasivas y azules/con formacion estelar), y
entorno (campo o grupo de galaxias). Con esta clasificacion, estudiamos las propiedades de las
poblaciones estelares y de las lineas de emision de las regiones de estas galaxias espacialmente
resueltas, asi como el efecto del entorno en ellas. Para tal propdsito, comparamos las propiedades

de las cuatro categorias de galaxias, usando diagramas de densidad de masa estelar—color, perfiles
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radiales de las propiedades y los gradientes de las propiedades de las poblaciones estelares. Adi-
cionalmente, exploramos la relacién entre algunas de estas propiedades y comparamos la historia
de formacidn estelar de las partes internas y externas de las galaxias. Nuestros resultados muestran
que las propiedades de las regiones de las galaxias azules y rojas estan bien diferenciadas, pero no
encontramos ningun efecto significativo del entorno en ellas. Encontramos que las regiones mds
rojas y mds densas son en general mds viejas, mas metalicas y muestran valores mas bajos de la in-
tensidad de la formacion estelar y de la formacion estelar especifica en comparacién a las regiones
mas azules y menos densas. Los valores mas altos de la extincion se encuentran en regiones azules
y densas, asi como algunas de las regiones mds metdlicas.

En relacién al cimulo mJPC2470-1771, obtenemos las propiedades de las poblaciones este-
lares utilizando BaySeAGal, y seleccionamos una muestra de galaxias con lineas de emision usando
un método de contraste junto a las redes neuronales artificiales previamente mencionadas. Nue-
stros resultados indican que las galaxias, mas masivas, rojas y viejas se encuentran tipicamente en
las regiones mds internas del cumulo. La mayoria de las galaxias con lineas de emision son galax-
ias azules y con formacion estelar, siendo mas comunes en las zonas mas externas del cumulo.
Ademas, detectamos las galaxias con nucleos activos, que se encuentran principalmente en la zona
central del cimulo. Como conclusién, nuestros resultados sugieren que las galaxias pertenecientes
a los cumulos se formaron en épocas cOsmicas similares, pero han experimentado historias de
formacion estelar distintas.

Concluimos que el entorno juega un papel en la evolucién de galaxias, pero éste queda reflejado
principalmente en las poblaciones de galaxias encontradas en entornos de alta densidad, tales como
los grupos y cumulos de galaxias, donde la fraccion de galaxias rojas pasivas es mayor que la
encontrada en el campo. Por otro lado, la distribucién de las propiedades de las galaxias azules
estd desplazada hacia valores mas masivos, rojos y viejos. Sin embargo, para un mismo valor de la
masa y el color, las propiedades de estas galaxias son similares a sus homodlogas en el campo. En
el caso de las galaxias espacialmente resueltas, esto puede ser una consecuencia de la masa de los
grupos en nuestra de galaxias espacialmente resueltas, ya que podria no ser lo suficientemente alta
como para mostrar un efecto significativo en las propiedades de las galaxias, en contraposicion a
los cumulos masivos de galaxias. La importancia de la masa del grupo o el cumulo se observa por
ejemplo en el exceso de la fraccidon de galaxias pasivas, que es significativamente més alto en el

cumulo que en los grupos de baja masa encontrado en miniJPAS.
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CHAPTER 1

Introduction

1.1 Galaxies

Humanity has always wondered about the nature of the light sources that appeared in the night
sky. As observations and technology progressed, the nature of these nebulous sources remained
a topic of discussion for a long time. Today, we refer to part of these sources as galaxies, and
these are one of the most important structures in the Universe. Concerning their formation, the
most accepted cosmological scenario is the Lambda-Cold Dark Matter ACDM. This model pro-
poses a “bottom-up” scenario in which primordial density fluctuations grow through gravitational
instabilities caused by cold collisionless dark matter. As these instabilities keep growing, so do the
structures of the universe, through the accretion of other dark matter haloes. The growth of these
haloes produces overdensities of baryonic matter, that keep growing until they form baryonic struc-
tures, like galaxies (see e.g. Peebles, 1982; Davis et al., 1985; White et al., 1987; Kauffmann et al.,
1993; Somerville and Primack, 1999; Springel et al., 2005; De Lucia et al., 2006). Galaxies are
a complex mix mainly composed of stars, gas, dust, and dark matter, that show a great variability
in their properties. However, they are not stationary systems, that is they change and evolve with

cosmic time due to several factors. One of them, it is the environment.

1.2 Bimodal distribution of properties of galaxies

Galaxies are usually divided into two large groups: the red sequence and the blue cloud (Strateva
et al., 2001; Bell et al., 2004; Baldry et al., 2004; Williams et al., 2009; Moresco et al., 2013;
Povi¢ et al., 2013; Fritz et al., 2014; Diaz-Garcia et al., 2019a; Gonzélez Delgado et al., 2021).
In fact, this bimodality has been found even up to redshift = ~ 6 (Weaver et al., 2024). This
classification typically reflected in colour—-magnitude diagrams (CMD, Bell et al., 2004; Baldry
et al., 2004). Since the red sequence from CMDs suffer of dust-reddening of galaxies in the blue
cloud (Moresco et al., 2013; Schawinski et al., 2014; Diaz-Garcia et al., 2019a), the inclusion of
a second colour was proposed, in order to account for the extinction suffered in the blue part of
the spectra. This way, colour-colour diagrams, such as the NUVrK (Whitaker et al., 2011; Arnouts
et al., 2013) diagram and the UVJ diagram (Williams et al., 2009; Fang et al., 2018) have been

used to separate these galaxies. Additionally, colour-mass have also been used for such purpose

1



o
(=]

" Early-type galaxies —_-
. y-type g _/__7}_7,.,_>ﬁj
—

g
(3,
T

<

-
(5
T

=y
(=]
T

* u-r colour (dust corrected)
N
[=]
T

ot
o
T

90 95 100 105 110 M
Stellar Mass log M. (M &

o
(=]
T

r
wn
T

-
&
T

-
o
T

°y-r colour (dust corrected)in |
N
o
I

o
(4,
T

9.0 95 100 105 11.0 115
Stellar Mass log M. (M o

Fig. 1.1 Example of a dust-corrected colour—mass diagram, showing the bimodality of the proper-
ties of the galaxies. Picture taken from Schawinski et al. (2014)

(Peng et al., 2010), producing similar results to the colour-magnitude diagrams, given the relation
between the absolute magnitude and the stellar mass. For this reason, colour-extinction-corrected-
mass diagrams offer a solid classification (Diaz-Garcia et al., 2019a,b,c). We show and example
of this type of diagrams in Fig. 1.1, taken from Schawinski et al. (2014). This figure clearly shows
two overdensities of galaxies in the colour-mass plane, corresponding to the quiescent and star-
forming galaxies. However, when divided by morphological type, we find a correlation with these

overdensities, further illustrating the bimodal nature of the properties of galaxies.

These two types of galaxies have properties clearly differentiated. Galaxies in the red se-
quence are usually old, metal-rich, with redder colours, lower SFR and are generally more mas-
sive, while galaxies in the blue cloud are generally young, with a larger dispersion of metallicites,
bluer colours, as shown by the well-known stella mass—metallicity and stellar mass—age relations
(Tremonti et al., 2004; Gallazzi et al., 2005; Mendel et al., 2009; Thomas et al., 2010; Foster et al.,
2012; Peng et al., 2015; Ma et al., 2016; Gao et al., 2018; Duarte Puertas et al., 2022). As men-
tioned, blue galaxies may sometimes appear as red galaxies due to dust reddening of their Spectral
Energy Distribution (SED), partly populating the intermediate region in the aforementioned dia-
grams. However, many studies point that in this region, usually referred to as the green valley, there
is also a transiting type of galaxies, and has been used to study the evolution of blue galaxies into
red galaxies (see e.g Fang et al., 2012; Schawinski et al., 2014; McNab et al., 2021; Noirot et al.,
2022).
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Fig. 1.2 Star formation main sequence colour coded by galaxy morphology. Picture taken from
Gonzélez Delgado et al. (2016)

This bimodal nature of galaxies is also found in their SFR: star-forming galaxies lie in a tight
relation that reflects the correlation between the total stellar mass and the total SFR of the galaxy
(Brinchmann et al., 2004; Noeske et al., 2007). This relation is known as the Star Formation Main
Sequence (SFMS) and is described by a power law (see e.g. Elbaz et al., 2007; Speagle et al., 2014;
Sparre et al., 2015; Cano-Diaz et al., 2016; Vilella-Rojo et al., 2021). This relation has been found
at least up to z ~ 6.5 (Rinaldi et al., 2022). Meanwhile, quiescent galaxies remain below this
relation. Results from Gonzdlez Delgado et al. (2016) show that this bimodality is also linked to
other properties of the galaxy, such as their morphology (see Fig. 1.2)

1.3 Galaxy quenching

Given this bimodality in the properties of galaxies, it is widely accepted that galaxies from the
blue cloud move into red sequence as they evolve (Faber et al., 2007). Therefore, as time passes,
blue stars die while the red stars will remain contributing to the SED of galaxies. If there is no
available gas to form new massive stars the SED will shift towards redder colours. This process is
commonly referred to as passive evolution. However, since z ~ 1, a large fraction of blue galaxies,
most of them with masses lower than 10'° )/, o, has seen its star formation truncated, evolving into
the red sequence (Diaz-Garcia et al., 2019b). The timescale of this transition must be very short,
since the fraction of red galaxies has almost doubled since z ~ 1, and the density of galaxies in
the aforementioned green valley is not enough to explain the evolution of this fraction (see e.g.
Bell et al., 2004; Faber et al., 2007; Muzzin et al., 2013). Therefore, additional mechanisms are
required, which leads to the proposal of quenching.

The term quenching is generally used to reflect the sudden cease of the star formation (see e.g.
Faber et al., 2007; Peng et al., 2010, 2012). We show an illustration of the effect of quenching in
galaxy evolution in Fig. 1.3, taken from Renzini (2013). This cartoon shows how galaxies in the

more massive end of the blue cloud move into the red sequence due to quenching effects. These
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Fig. 1.3 Cartoon representing the evolution of galaxies induced by quenching. Picture taken from
Renzini (2013)

proposals also arise because of the so-called “cooling problem” or “cooling catastrophe”, this is,
the predicted cooling time for the gas is far lower than the cooling time observed, thus, some
mechanism must be heating the gas (see e.g. Ruszkowski and Begelman, 2002; Springel et al.,
2005; Croton et al., 2006; McNamara and Nulsen, 2007; Bower et al., 2006, 2008).

Depending on how the quenching process takes place, we distinguish two scenarios mass
quenching and environmental quenching (Peng et al., 2010; Ilbert et al., 2013). The term mass
quenching is usually used to describe the increasing number of quiescent galaxies at the high mass
end of the SFMS. One candidate of these processes is the stellar feedback, since the formation of
new stars and the feedback from supernovae can produce winds that remove the gas or heat it, pre-
venting further star formation (Larson, 1974; Dekel and Silk, 1986; Efstathiou, 2000; Cantalupo,
2010, see e.g). Similarly, the Active Galactic Nuclei (AGN) feedback may quench or slow-down
the star formation of galaxies, since the large amount of energy liberated by an active supermas-
sive black hole in the galactic nucleus can lead to gas removal, heating and destabilisation (see
e.g. Bluck et al., 2011; Combes, 2017; Piotrowska et al., 2022; Bluck et al., 2023, and references
therein).

On the other hand, environmental quenching is used to label those processes related to the
environment that can prevent the formation of new stars. The work by Peng et al. (2010) showed
that the effects of these two types of quenching mechanisms are separable up to z ~ 1 (see Fig. 1.4).

This figure illustrates that, for a fixed mass, the SFR of galaxies also decreases as the density of
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Fig. 1.4 Mean SFR of galaxies as a function of the stellar mass and the environment. Picture taken
from Peng et al. (2010)

nearby galaxies increases.

1.4 The role of the environment on galaxy evolution

Galaxies in high density environments, such as galaxy clusters and groups, are more likely to
interact with other galaxies and with the gas among galaxies. These interactions can have an
impact on the properties of the galaxies and their evolution. Some of the first works include the so-
called Butcher-Oemler effect Butcher and Oemler (1978, 1984). This work shows that fraction of
blue galaxies in the cores of galaxy cluster increased with redshift, indicating that as time passed,
galaxies in these cores were more likely to become red. Another pioneering work worth of mention
is the one by Dressler (1980), who showed that the fraction of elliptical galaxies increases with the
number density of galaxies, which means that it also decreases with the distance to the cluster
centre.

The effect of the environment on galaxies is not limited to their colour or their morphology.
Properties such as the stellar mass distribution, the star formation, and the nuclear activity depend
on the density too, even the galaxy populations themselves (Balogh et al., 2004; Kauffmann et al.,
2004; Blanton et al., 2005; Blanton and Moustakas, 2009; Pasquali et al., 2010; Lopes et al., 2014;
Cappellari, 2016). In general, galaxies in denser environments are older on average, which is likely
a consequence of having their star formation truncated at earlier epochs than galaxies in less dense
environments. (see e.g. Bower et al., 1990; Trager et al., 2000; Thomas et al., 2005; Clemens et al.,
2006; Bernardi et al., 2006; Smith et al., 2008; Cooper et al., 2010). We show the cartoon from
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taken from Thomas et al. (2005)

Thomas et al. (2005) showing how the dinsity of the environment affects the SFH of early-type
galaxies in Fig. 1.5. This figure shows that, for a same mass, galaxies in high density environments
started to form stars at earlier epochs than their counterparts in low density environments.

In order to explain these observations, several mechanisms, generally based on gravitational
or hydrodynamic effect, have been proposed and studied. These mechanisms mainly prevent the
formation of new stars through the removal or the heating of the gas reservoirs of galaxies, although
they are not limited to these aspects. One of them is the ram-pressure stripping (Gunn and Gott,
1972). This mechanism is based the interaction between the hot, dense Inter Galactic Medium
(IGM) and the Inter Stellar Medium (ISM) can remove the second one from the galaxy, if the
ram pressure overcomes the gravitational pressure. This has been reported in several works, both
observational and simulations (see e.g. Abadi et al., 1999; Fujita and Nagashima, 1999; Boselli
et al., 2008, 2021; Book and Benson, 2010; Steinhauser et al., 2016; Singh et al., 2019). Some
works point to ram pressure stripping as the main quenching mechanism (see e.g. Muzzin et al.,
2014; Boselli et al., 2016; Liu et al., 2021). Ram pressure stripping is also responsible of the
formation of the so-called jellyfish galaxies (Bekki, 2009; Ebeling et al., 2014; Poggianti et al.,
2017; Jaffé et al., 2018; Rohr et al., 2023) and can even trigger the nuclear activity (Peluso et al.,
2022).

Another mechanism related to environment effects is harassment. It was originally proposed
by Moore et al. (1996, 1998, 1999), arguing that the high-speed close encounters among galaxies
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can heat the gas of galaxies, as well as perturbing the orbits of stars and dark matter, resulting in
a morphological transformation. More recent studies have shown that this kind of interaction is
plausible, but its effect is mostly limited to galaxies in the inner parts of clusters (Bialas et al.,
2015).

Similarly to harassment, tidal forces resulting from galaxy-galaxy encounters, can disturb the
distribution of star, gas, dust, and dark matter, which may remove effectively mass from the galaxy
(see e.g Read et al., 2006b,a; Kampakoglou and Benson, 2007; Henriques and Thomas, 2010; Doo-
ley et al., 2016; Andersson and Davies, 2019; Keim et al., 2022; Salvador-Solé et al., 2022; Pacucci
et al., 2023, and references therein). This mechanism is usually referred to as tidal stripping and
may be related to the formation of dwarf galaxies (see e.g. Klimentowski et al., 2009)

The starvation or strangulation is a mechanism used to describe the inability of the galaxy to
replenish its gas reservoir, generally because of the removal of the outer galaxy halo (Larson et al.,
1980; Balogh et al., 2000; van den Bosch et al., 2008; van de Voort et al., 2017; Trussler et al.,
2020; Kumari et al., 2021; Wright et al., 2022). These works point to starvation as one of the main
mechanisms driving galaxy evolution. In this regard, the work by Gutcke et al. (2017) proposes a
model for galaxy formation were only starvation is required to reproduce the fraction of quiescent
galaxies at z = 0 without the need of fast-quenching, although its relevance depends on the initial
conditions of the formation of the galaxy (Girichidis et al., 2012).

Thermal evaporation is another mechanism mainly found in clusters, where the intergalactic
medium temperature is high and rapidly evaporates the gas reservoirs of a galaxy, which can not
be retained by the gravitational field (see e.g. Cowie and Songaila, 1977; Nipoti and Binney, 2007)

Alongside these mechanisms, several works propose a pre-processing scenario, where satellites
galaxies and galaxies in smaller groups are quenched during their in-fall into larger clusters, which
might take several orbits to occur (Fujita, 2004; Bravo-Alfaro et al., 2011; De Lucia et al., 2012;
Mahajan, 2013; Haines et al., 2015; Donnari et al., 2021a; Ando et al., 2022; Pallero et al., 2022;
Werner et al., 2022; Lokas, 2023; Lopes et al., 2024; Piraino-Cerda et al., 2024). This scenario is
also supported by observations and simulations that show differences in the properties of central
and satellite galaxies (see, e.g. van den Bosch et al., 2008; Kovac et al., 2010; Peng et al., 2010,
2012; Woo et al., 2017; Zinger et al., 2018; Pasquali et al., 2019; Bluck et al., 2020; Gallazzi et al.,
2021). These studies show that, in general, satellite galaxies are more prone to suffer the effects of

environment, showing redder colours and lower SFR than their central counterparts.

1.5 Galaxy surveys for galaxy evolution

Much of our current knowledge about galaxy evolution is due to galaxy surveys. Some of them
have provided data for a large number of galaxies at different redshifts. This allows us to study
the properties of galaxies at different epochs with a great statistical significance, which is key to
understand the evolution of galaxies. Other surveys may have studied fewer galaxies, but using an

spatially resolved approach, which has shed light into the structure of galaxies and the processes
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that drive their evolution at smaller scales.

Certainly, the last decades have witnessed a substantial increase in the number of galactic sur-
veys, whose contributions to the science are invaluable. Such is the case of the 2dF Galaxy Red-
shift Survey (Folkes et al., 1999), SDSS! (York et al., 2000), GEMS? (Rix et al., 2004), VVDS? (Le
Fevre et al., 2005), DES*(Wester and Dark Energy Survey Collaboration, 2005), COSMOS? (Scov-
ille et al., 2007), CALIFA® (Sanchez et al., 2012), MaNGA’ (Bundy et al., 2015), Pan-STARRS1®
(Chambers et al., 2016), the ALHAMBRA® survey (Moles et al., 2008; Molino et al., 2014),
VIPERS'? (Haines et al., 2017), VUDS!! (Tasca et al., 2017), SAMI (Green et al., 2018a; Scott
et al., 2018; Croom et al., 2021) or HSC-SSP'? (Aihara et al., 2018), to name a few.

1.5.1 Photometric surveys vs specectroscopic surveys

Galaxy surveys can be generally divided in two large classes: spectroscopic and photometric sur-
veys. They are different by construction. Simplifying, in spectroscopic surveys, the light goes
through a slit or an fiber, then is led into a diffracting device that splits the light by wavelength
and leads the split light into a photo-detector, usually a charge-coupled device (CCD). On the other
hand, photometric surveys direct the light directly into the photodetector, that is usually behind a
filter. The filter only allows the light within a wavelength range to go into the detector, reflecting
the rest light outside of this wavelength range.

The main advantage of spectroscopic surveys is that they provide data with much higher spec-
tral resolution that can be used for spectral fitting with a greater accuracy. This greater accuracy
comes from the ability to fit spectral features that are sensitive to the properties of the source. In
the case of galaxies, to properties of the stellar or gas content. This technique has been widely
used (see e.g. Trager et al., 1998; Jgrgensen, 1999; Kuntschner et al., 2001; Thomas et al., 2005;
Bernardi et al., 2006; Sanchez-Blazquez et al., 2006b)

On the other hand, the spectral resolution of photometric surveys is usually much lower. How-

ever, they have numerous advantages that are worth noting:

* There is no selection bias other than the image depth. Spectroscpic surveys usually need to
point the fibre or slit into one single galaxy, while photometric surveys capture everything

that falls within the area of the CCD, as long as they are brighter than the limiting magnitude.

ISloan Digital Sky Survey (SDSS)

2Galaxy Evolution from Morphology and SEDS (GEMS)

3VIMOS VLT Deep Survey (VVDS)

“Dark Energy Survey (DES)

5Cosmic Evolution Survey (COSMOS)

®Calar Alto Legacy Integral Field Area (CALIFA)

"MaNGA

8Panoramic Survey Telescope and Rapid Response System 1 (Pan-STARRS1)
9 Advance Large Homogeneous Area Medium Band Redshift Astronomical (ALHAMBRA)
10V IMOS Public Extragalactic Redshift Survey (VIPERS)

''VIMOS Ultra Deep Survey (VUDS)

2Hyper Suprime-Cam Subaru Strategic Program (HSC-SSP)
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* Photometry is not affected by aperture bias, because the direct imaging allows for defining
different apertures which are not limited by the constant size of a fibre, and these are only
limited by the Field of View (FoV).

* The photometric calibration of each band is independent of the other ones, which allows for

a great calibration, free of systematic colour terms.

* For the same telescope, instrument and integration time, photometry is usually deeper, due

to the efficiency of the direct imaging. This allows to reach further redshifts.

* Photometry allows for fast spatially resolved studies, since from a same observation it is

possible to obtain the SED of each pixel.

Taking into account this advantages and disadvantages, two type of surveys have arisen: the
Integral Field Spectroscopy (IFS) and the multiband photometric surveys. These surveys are per-
formed using IFS, which work like traditional spectograph, but a set of fibres is used in order to
cover a larger area. The goal of this methodology is to obtain spectra from different regions of the
target, allowing for spatially resolved studies. This is the case of surveys like SAURON!® (Bacon
et al., 2001; de Zeeuw et al., 2002), CALIFA (Sanchez et al., 2012; Garcia-Benito et al., 2015;
Séanchez et al., 2016, 2023), MaNGA (Bundy et al., 2015; Abolfathi et al., 2018; Aguado et al.,
2019; Abdurro’uf et al., 2022), the MUSE-Wide survey (Urrutia et al., 2019), the PHANGS-MUSE
survey (Emsellem et al., 2022) or the WEAVE-Apertif survey (Hess et al., 2020).

Multi-band photometric surveys are like regular photometric surveys, but with a higher num-
ber of filters than usual. Some examples are the COMBO-14" (Wolf et al., 2001, 2003b), the
ALHAMBRA survey (Moles et al., 2008; Molino et al., 2014), the COSMOS survey (COSMOS
Scoville et al., 2007), J-PLUS" (Cenarro et al., 2019), or the S-PLUS'® (Mendes de Oliveira et al.,
2019). These surveys provide a much better spectral resolution than the traditional broad band pho-
tometric surveys, since each filter provides another point to sample the observed wavelength range,
increasing the quality of the spectral fitting while keeping all the advantages from the traditional
photometric surveys. They have also proven to be successful at retrieving the properties of galaxies
through spectral fitting techniques (see e.g. Diaz-Garcia et al., 2015, 2019a,b,c; Gonzalez Delgado
et al., 2021, and references therein). This way, multi-band photometric surveys can be equivalent

to a low-resolution Integral Field Unit (IFU) survey that provides spatially resolved information.

1.5.2 Properties of the spatially resolved galaxies

IFU-like surveys have greatly improved our knowledge of the properties and structures of galax-

ies. A general result is that colour gradients in galaxies, which have been observed since a long

13Spectroscopic Areal Unit for Research on Optical Nebulae (SAURON)
4Classifying Objects by Medium-Band Observations (COMBO-17)
15Javalambre Photometric Local Universe Survey (J-PLUS)

16Southern Photometric Local Universe Survey (S-PLUS)
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time ago, as long as gradients in the stellar population properties of galaxies, such as the stellar
mass density, the stellar age, or the stellar metallicity, both in disk-dominated and bulge-dominated
galaxies (Peletier et al., 1990; de Jong, 1996; Peletier and Balcells, 1996; Silva and Bothun, 1998;
Peletier and de Grijs, 1998; Bell and de Jong, 2000; La Barbera et al., 2004; MacArthur et al., 2004;
Menanteau et al., 2004; Wu et al., 2005; Moorthy and Holtzman, 2006; Muioz-Mateos et al., 2007;
Bakos et al., 2008; Roche et al., 2010; Tortora et al., 2010; La Barbera et al., 2012; Gonzalez Del-
gado et al., 2014; Sanchez-Blazquez et al., 2014; Garcia-Benito et al., 2017; Gonzdalez Delgado
et al., 2017; Zheng et al., 2017; Bluck et al., 2020). The results of these studies are of great value
for understanding the formation and structure of galaxies. In general, larger mass densities, older,
redder, and more metal rich regions are found in the central parts of the galaxy compared to the
outermost regions, supporting an inside-out formation scenario. However, some works find differ-
ent results. For example, Goddard et al. (2017) found positive age gradients in their analysis of
MaNGA data for early-type galaxies, Costa-Souza et al. (2024) also finds a positive gradient in the
ages of the young and intermediate populations of their Seyfert 2 sample, and some authors even
suggest the existence of rejuvenating galaxies (see e.g. Trayford et al., 2016; Cleland and McGee,
2021; Zhang et al., 2023; Tanaka et al., 2024).

Similarly, gradients in the intensity of the SFR and sSFR have been found within galaxies,
suggesting an inside-out quenching scenario (see e.g. Gonzélez Delgado et al., 2016; Medling
et al., 2018; Sanchez, 2020). However, Bluck et al. (2020) suggest that AGN-driven quenching is
inside-out, while environmental quenching is outside-in. In this line, Lin et al. (2019a) find that
the fraction of inside-out quenched galaxies increases with halo mass, and that it is larger for high-
stellar-mass than for low-stellar-mass ones in all environments, but their results also suggest that
the inside-out quenching is the dominant quenching mode in all environments. These results are
compatible with the findings of Ge et al. (2024), whose work shows that massive galaxies are more
likely to experiment an inside-out quenching mode, while low-mass galaxies are more likely to
show an outside-in quenching mode.

Some other results on the spatially resolved properties of galaxies include that the star formation
density or the local star formation, along with the local mass density follows a trend very similar to
the SFMS, usually known as the local main sequence of the star formation or the spatially resolved
main sequence (see e.g. Sanchez et al., 2013; Wuyts et al., 2013; Hsieh et al., 2017; Ellison et al.,
2018; Lin et al., 2019b; Cano-Diaz et al., 2019).

1.5.3 The role of environment on the properties of spatially resolved galaxies

The effect of the environment can also be reflected on the properties of galaxies at a smaller scales.
It has been proved that the SFH of a galaxy can be retrieved at such scales using techniques like
fossil record, based on the full spectral fit of the optical stellar continuum of the spatially resolved
data provided by IFU-like surveys (see e.g. Pérez et al., 2013; Gonzalez Delgado et al., 2016,
2017; Garcia-Benito et al., 2017; Cortijo-Ferrero et al., 2017a), which allows to gather clues on the
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processes leading up to the formation of the present-day galaxy population.

Therefore, the effect of the environment can imprinted in the SFH of galaxies. For example, the
works by Cortijo-Ferrero et al. (2017a,b,c) reveal how galaxy mergers can produce a rapid increase
of the sSFR towards the centre of the galaxy in time scales shorter than 1 Gyr, with a younger
stellar population.

Thanks to IFU-like surveys have also contributed to build global picture of the effect of envi-
ronment on galaxy evolution. Further evidence of the pre-processing of galaxies in groups can be
derived from spatially resolved analysis Epinat et al. (2024), and it has been shown that there is an
enrichment of satellite galaxies through the exchange of gas in dense environments (Schaefer et al.,
2019). The gradients of properties like stellar mass surface, intensity of the SFR, or age can also
change from central to satellite galaxies (Bluck et al., 2020). Additionally, the star formation of
galaxies is suppressed with increased density in an outside-in way (Schaefer et al., 2017). However,
the timescale required for quenching is still under debate (see e.g. Brough et al., 2013; Schaefer
et al., 2017).

IFU-like surveys have also shown that opposite phenomena if found in low density environ-
ments, like galaxy voids. Particularly, Conrado et al. (2024) show that the Half Light Radius
(HLR) of void galaxies is slightly higher than galaxies in filaments and walls, while their stellar
mass surface density is lower and their stellar populations are younger than those of galaxies found
in other environments, regardless of their morphological type. These results by Conrado et al.
(2024) that void galaxies, undergo a more gradual evolution, especially in their outer regions, with
a more pronounced effect for low-mass galaxies. Certaily, spatially resolved studies can still be

very useful to understand the role of environment on galaxy evolution.

1.5.4 J-PAS: a survey for galaxy evolution

The Javalambre-Physics of the Accelerated Universe Astrophysical Survey (J-PAS) is an ongoing
photometric multi-narrow-band survey originally presented by Benitez et al. (2014). It is expected
to scan over 8000 deg” of the Northern sky. It will be carried out at the Observatorio Astofisico
de Javalambre (OAJ). The details about the OAJ can be found in Cenarro et al. (2014a), and the
results of the testing of the observing conditions of the Sierra de Javalambre, where the OAJ is
located at a height of 1957 m, can be found in Moles et al. (2010). The sky of the Sierra de
Javalambre is exceptional in this matter, with a dark sky (the night-sky surface brightness are

2, R = 21.5 mag arcsec™2, I = 20.4 mag arcsec™?)

B = 22.8 mag arcsec2, V = 22.1 mag arcsec™
and contributions to the sky brightness of the typical pollution lines of ~ 0.06 mag in the B band,
~ 0.09 mag in the V' band, and ~ 0.06 mag in the R band on a moonless night. The median value
of the seeing in the V' band is 0.71”, with a mode of 0.58". at the same location, the J-PLUS survey
is currently carried out.

The J-PAS survey will be observed using the Javalambre Survey Telescope (JST/T250 Cenarro

et al., 2018a). This telescope has an aperture of 2.55 m, a FoV with a diameter of 3 deg, and a
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Fig. 1.6 Adromeda galaxy (M31). Technical first light image JPCam JST/T250. Credit: Centro de
estudios de fisica del cosmos de Aragon (CEFCA)

collecting area of 3.75 deg®. The optical design was optimised to provide a good image quality in
the optical spectral range 3300-11000 A wavelength range all over the focal plane. The camera that
will be used is the Javalambre Panoramic Camera (JPCam Taylor et al., 2014; Marin-Franch et al.,
2017), a camera with 1.2 Gpixel, an effective FoV of 4.2 deg® and a pixel scale of 0.23 arcsec pix .

The greatest strengths of the survey will be its large FoV, covered by 14 CCDs amounting to a
total of 4.2 deg?, capable of fitting the whole Andromeda galaxy in it (see Fig. 1.6), and its filter
system, composed of 54 narrow-band filters, plus two medium band filters (see next chapter for fur-
ther details). This filter system was originally conceived to provide accurate photo-z measurements
up to z ~ 1.3 with a precision of up to §z = (0.003)(1 + z).

With these capabilities, J-PAS offers a great strength to study the evolution of galaxies and the
role of environment on them. First of all, its photometric system and the accuracy of the photo-
z allows to infer the stellar population properties of galaxies with great precision, as shown by
Gonzélez Delgado et al. (2021), as well as their SFR and SFH. Furthermore, it can also be used
to study the emission lines of these galaxies (Martinez-Solaeche et al., 2021, 2022). In addition,
the large FoV allows us to obtain unbiased, flux-limited catalogues, which not only provide solid
statistics to support the conclusions of the works performed, but are also crucial to detect and select
the unbiased populations of galaxy groups and clusters, in order to study the effect of environment
on galaxy evolution.

Furthermore, the combination of its large FoV, the size of the CCD, and the photometric sys-
tem also allow for the unbiased study of spatially resolved galaxies, since larger galaxies can be

fully observed. In addition, the photometric system allows to study them as an IFU-like survey,
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performing the aforementioned studies at smaller scales. This means that the J-PAS survey will be

an excellent way to study properties of both the integrated and spatially resolved galaxies.

1.6 Goals of this work

The aim of this thesis is to study the effect of groups and cluster environment on galaxy evolu-
tion, using the available data from miniJPAS. In order to achieve this goal, we develop tools and
methodologies that prove the power of J-PAS and will pave the way for the analysis of the up-
coming J-PAS data. Our motivation is to shed light on the relevance of environment on galaxy
evolution, and contribute to disentangle its role, which remains under debate. We take advantage
of the nature of the miniJPAS and J-PAS data: the combination of the photometric filter system
allows for precise estimation of galaxy properties, and its large FoV allows for galaxy clusters and
groups detection, with an unbiased galaxy classification. Furthermore, the large FoV also allows
for unbiased spatially resolved studies, using the data as IFU-like cubes. Therefore, we shall study
the effect of the environment in the properties of galaxies from an integrated perspective as well as

a spatially resolved one. This general aim can be detailed in more specific goals:

* The study of the properties of the spatially resolved galaxies in miniJPAS. In particular the
comparison of the galaxies in groups and in the field with the same spectral type allow us
to study the relevance of environment on these properties. For this purpose a tool has been
developed and tested, which automatises the process of analysis and that will applicable to
the future J-PAS data.

* The study of the radial profiles of the stellar population properties and the emission lines of
the spatially resolved galaxies in miniJPAS, classified by spectral type and environment. Not
all environmental processes affect the different parts of the galaxy in the same way, and the

radial profiles may play a key role disentangling the effects of the environment.

* The study of the star formation histories of inner and outer regions, of galaxies. This study
can provide inside on the different formation and evolution scenarios that might experiment

galaxies in different environments.

* The study of the properties of the integrated properties in the most massive cluster in miniJ-
PAS, mJPC2470-1771, and their variation with the distance to the centre of the cluster. This
cluster is an excellent laboratory to study the role of environment in galaxy evolution, due to

the high density of galaxies and its radial variation.

* The detection and classification of the emission line galaxies in the cluster mJPC2470-1771,

in order to study the effect of high density environments in the emission lines of galaxies.

* The study of the variation of the galaxy populations with cluster-centric distance, as well as
the comparison of the SFH of galaxies in inner and outer regions, in order to study possible

formation and evolution scenarios.
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CHAPTER 2

The miniJPAS survey

The miniJPAS survey (Bonoli et al., 2021) is a 1 deg2 survey that was carried out at the OAJ,
using the 2.5 m JST/T250 telescope. The main goals of this survey include testing and showing the
potential of the J-PAS photometric filter system, explore the capabilities of the J-PAS survey, and
the first scientific exploitation of the data using this photometric system. Since all the data used in
this thesis (except for a few particular cases, which are only used for testing) belongs to this survey,
we dedicate this chapter to explaining the most important aspects of the survey for our work.

2.1 Technical aspects of miniJPAS

In the following subsections, we summarise the most relevant technical details of miniJPAS, which
are mainly found in the work by Bonoli et al. (2021), as well as in the references therein, unless

otherwise stated.

2.1.1 The J-PAS Pathfinder camera

The camera used for the acquisition of the data was the J-PAS Pathfinder (JPAS-PF) camera. It
is equipped with a single charge-coupled device (CCD) direct imager, and with one large format,
9.2k x 9.2k pxiel, low noise detector. This device reads 16 ports simultaneously. The size of
image area is of 92.16 mm x92.32 mm. It has a broad band anti-reflective coating for optimised
performance from 3800 A to 8500 A. The miniJPAS survey has been observed with a read mode
that achieves total system level noise performance of 3.4 e~ (rms), allowing for readout times of
12 s (full frame) and 4.3 s (2 x 2 binning). The integration times were as short as 0.1 s with an
illumination uniformity better than 1 % over the entire FoV of the JPAS-PF. Since the filters are
slightly smaller than the CCD, there is vignetting in the periphery. The resulting FoV is 0.27 deg?
with a pixel scale of 0.23 arcesc pixel .

2.1.2 The J-PAS photometric filter system

One of the strengths of J-PAS will be its photometric filter system. One of the goals of miniJPAS
is to prove the potential studies that can be achieved with this system. The system is composed of

54 narrow band filters covering the whole optical wavelength range, from 3780 A to 9100 A, with
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Fig. 2.1 ]
Efficiency of the J-PAS filters. Effects from the CCD, telescope and sky are included. Picture
taken from Bonoli et al. (2021).

a FWHM of ~ 145 A, equally spaced every 100 A. In addition, there are two intermediate band
filters, one covering the UV edge, (ujava, with a central wavelength of 3497 A and a FWHM of
495 A), and another one covering the redder edge, (J1007, with a central wavelength of 9316 A and
aFWHM of 620 A). The efficiency of this system, including effects from the mirror, the atmosphere
and the CCD, can be seen in Fig. 2.1. This filter system provides a resolution of R ~ 60, which is
equivalent to very low resolution spectroscopy.

In addition to these filters, miniJPAS was observed using four SDSS-like broad bands: u;jpas,
gspsss Tspss, and igpss. In particular, rspss was used as the detection band during the survey
imaging. Since this was the purpose of this band, it was also observed in the most favourable

conditions, and we also use it as the reference filter for many aspects of our analysis.

2.1.3 Data acquisition

The miniJPAS consists of four pointings across the AEGIS field that partly overlap, resulting in
four composed images: miniJPAS-AEGIS1 (a, d) = (214°.2825, 52°.5143), miniJPAS-AEGIS2
(a,0) = (214°.8285,52°.8487), miniJPAS-AEGIS3 (a,d) = (215°.3879,53°.1832), and
miniJPAS-AEGIS4 («,d) = (213°.7417,52°.1770). Each tile was observed with a minimum of
four exposures per filter, with eight exposures per filter for the reddest ones. The exposure times
were of 120 s for the narrow band filters and the ujpag filter, while it was of 30 s for the broad
band ones, in order to avoid saturation. These times were defined in order to reach the optimal
photometric-redshift depth for the wide range of galaxies at different redshifts, according to the
baseline strategy (Benitez et al., 2014).

The readout mode chosen for the observations ias a 2 x 2 binning for the J-PAS filters, in order
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Fig. 2.2 Image depths of the miniJPAS images for the narrow bands (lef panel) and broad bands
(right panel) Colour symbols represent average values in each filter. Gray points represent the value
measured for each filter, for each tile. Picture taken from Bonoli et al. (2021)
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Fig. 2.3 FWHM of the PSF of the images of miniJPAS. Colour symbols represent average values
in each filter. Gray points represent the value measured for each filter, for each tile. Picture taken
from Bonoli et al. (2021).

to reduce the readout noise in the pixel by a factor of 4, which in practice increases the effective
photometric depth. However, this triggers an undersampling of the PSF in this images. The ujpasg,

gspss» T'spss, and igpsswere read in full frame mode.

2.1.4 FWHM and depth of the images

Because of the large number of filters and images being observed in different nights under different
sky conditions (observations were performed in groups of six filters, one filter at a time), there are
variations in the depths and PSF of each tile and band. Figures 2.2 and 2.3 show the distribution
for the different tiles and bands.

The difference in the depths is mostly due to the night conditions during the observations and
to the final number of coadded exposures. Most of the images are above the target depth for each

band, but the difference among bands is something that we will need to take into account when
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exploring the properties of spatially resolved galaxies, since outermost regions of galaxies may not
reach the same S/N in all filters. Therefore, the number of filters with high S/N in those regions
may not be enough to perform a reliable SED-fitting (see Chapter 6).

Concerning the PSF, most of them are below 2 arcsecs. We shall take this value as an upper
limit for the selection of the sample of spatially resolved galaxies (see Chapters 4 and 6) and and
we will use the models provided for each galaxy and band. The larger values in the redder bands
are due to the survey schedule, since these bands were planned to be observed last. During those

campaigns, the EGS/AEGIS field reached the lowest elevations, producing larger PSF.

2.1.5 Image treatment

The data reduction process of miniJPAS is as the one used for J-PLUS (Cenarro et al., 2019).
For the single frames, this includes the bias, prescan, and overscan subtraction, the trimming, and
the flat field, illumination, and fringing corrections. However, there were three main issues that

required special attention in the miniJPAS data reduction:

* Vignetting: due to the larger size of the CCD in comparison to the filters, which translates
into a strong gradient of efficiency. To solve this, regions with low efficiency from the images
were trimmed, from 9216 x 9232 pixels to 7777 x 8473 pixels. The final FoV is 0.27 deg®

* Background patterns: images from miniJPAS presented background patterns with strong gra-
dients and variations on time scales of a few minutes. There aare two types of patterns. The
first type are straight patterns, which are due to the optics of the camera and were corrected
via illumination correction. The second type shows circular patterns, likely due to small
variations in the central wavelengths of the filters. These ones require a much careful sub-
traction that is detailed in appendix B in Bonoli et al. (2021). The working hypothesis is that
these patterns are the same in images taken in close times, as well as independent of the sky
position, so a median combination of the images with objects in different positions should

keep the background structure while removing the sources.

« Fringing: in filters redder than JO470 (A > 4700 A). To remove these effects, master fringing
images were constructed using all available images for each band, since this pattern is very
stable across nights. However, some residual pattern can be found in the final images of a

few filters, due to the low number of available images.

After all this processing, the images were combined using the Astromatic software Swarp
(Bertin, 2010). All images were resampled to the pixel size of the camera (0.23 arcsec pixe ).
This images were homogenised using PSFEx (Bertin, 2011), and the models of the PSF produced

for each image are available at a given position of the image.
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2.1.6 Zero Points

The photometric calibration of the images of miniJPAS was mainly done adopting the procedure
presented in Lopez-Sanjuan et al. (2019b), but using an adaptation of the last step, which implies
the use of BOSS stellar spectra to calibrate the absolute colour, as summarised in Bonoli et al.
(2021). This was required because there are no high quality white dwarfs in the miniJPAS area, so

an alternative is required for that final step of the calibration.

The method presented in Lopez-Sanjuan et al. (2019b) is based on the stellar locus regres-
sion (Covey et al., 2007; High et al., 2009; Kelly et al., 2014; Kuijken et al., 2019). The working
hypothesis of this method is that stars with different stellar parameters populate colour-colour di-
agrams in a particular way, which defines a well constrained region that depends on the colours
used. The main advantage of this method is that it provides a consistent flux calibration for the

bands, although it requires a band anchored with external calibration to be used as a reference.

The first step of the calibration process of miniJPAS consists in the selection of a sample of
high quality stars for calibration. This first set of stars consists of all the sources in miniJPAS
with S/N > 10 and a parallax measured with Gaia with S/N > 3. These sources were corrected
for galactic extinction using the 3D dust maps provided by Bayestar17 (Green et al., 2018b),
using the parallaxes to derive the distance to the calibration stars. After retrieving the colour excess
E(B — V) with Bayestarl7, the G-band absolute magnitude is estimated and the absolute G
band vs Ggp — Ggp diagram is built, where the bands correspond to the G, Ggp (330-680 nm),
and Grp (680-10501 nm) broad bands from the Gaia DR2 (Gaia Collaboration et al., 2018). From
the position in this diagram, stars are classified into giant Branch, main sequence, and white dwarfs

stars. Then, the main sequence stars were selected for the next steps of the calibration.

The next step is the calibration of the broad band filters rspss, gspss, and ¢spgs. This is done
by crossmatching the calibration stars with the Pan-STARRS survey. For this purpose, the PSF
corrected magnitudes from Pan-STARRS were compared to those from miniJPAS using a circular
aperture of 6” of diameter. Then, a correction to account for the difference in apertures is applied,
obtaining the zero points for these broad bands. A comparison was also made using J-PLUS broad

bands, finding differences below 0.01 mag.

The narrow bands are subsequently calibrated. This is done in two steps. The first one consists
in the homogenisation of the narrow bands through the stellar locus. For each band, its instrumen-
tal magnitude Y;,s;, Was used to construct the de-reddened (inst — 7)o VS (g — 7)o colour diagram,
computing the offsets required to provide a consistent stellar locus among the four bands, an homo-
geneous instrumental photomotry can be obtained for all miniJPAS. Secondly, these instrumental
magnitudes are then transformed into magnitudes at the top of the atmosphere using stellar spectra
from BOSS. For such purpose, each synthetic ({ — r) colour from BOSS is compared with the
insturmental magnitudes from miniJPAS to obtain the offset for each band, except for the rgpss
which is anchored to the Pan-STARRS photometry. Since the wavelength range from ujaya and
uypas 18 not covered by Pan-STARRS, J-PLUS was used instead for these two bands.
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Fig. 2.4 Comparison of the photo-z and the spectroscopic redshifts of the galaxies in miniJPAS.
Picture taken from Hernan-Caballero et al. (2021)

The zero points were also estimated using the common bands from J-PLUS, showing that they
are consistent at the 4% level. Therefore, an absolute error of 0.04 mag was provided for all the

bands as an upper limit.

2.2 Parameters required for the analysis

In this section, we summarise the main catalogues from the miniJPAS survey used for this work.
These mainly include the photo-z catalogue from Herndn-Caballero et al. (2021), and the integrated
magnitude catalogues of the galaxies in miniJPAS. The photo-z will be used for the SED-fitting of
the regions of the spatially resolved galaxies in miniJPAS in Chapter 6, as well as the SED-fitting
of the integrated galaxies in the mJPC2470-1771 cluster in Chapter 7. The integrated magnitudes
will be used to test our tool for the analysis of the spatially resolved galaxies in Chapter 4, and to

obtain the properties of galaxies in Chapters 6 and 7.

2.2.1 Photometric redshifts

The J-PAS filter system was designed in order to obtain extremely accurate photo-z (Bonoli et al.,
2021). The whole process for retrieving these redshifts is described and verified in Hernén-
Caballero et al. (2021). In brief, the photo-z are computed using the JPHOTOZ package, which is
part of JYPE, the data reduction pipeline J-PAS. This package also serves as an interface between
the database and the codes for the computation of the photo-z, handling the required pre-processing

and post-processing of the data. The code used for such computation is a modified version of LE-
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PHARE (Arnouts and Ilbert, 2011). This modification was mainly made in order to increase the
number of photometric filters used by the code, as well as the resolution of the redshift search
range, from z = 0 to z = 1.5 with steps of 6z = 0.002.

The code LEPHARE is based on a template fitting method, using x? as an estimator of the
goodness of the fit of the observed data using synthetic photometry generated form a set of tem-
plates. The code computes the Probability density function of the redshift (zPDF') weighting the
log-likelyhood distribution, with a prior obtained from the magnitude distribution of non-biased
galaxy samples from VVDS (Le Fevre et al., 2005) at different redshifts.

A dedicated library of templates, CEFCA_MINIJPAS, was built. This library consists of 50
templates (generated with CIGALE Boquien et al., 2019) whose combinations provided the best
estimations of the photo-z in an iterative process (see Hernan-Caballero et al., 2021, for further de-
tails) and provide solid estimations of the true redshift of the galaxies (see Fig. 2.4 for a comparison
of the estimated photo-z and the spectroscopic measurements of the galaxie in miniJPAS).

The package provides as output not only the zPDF of the galaxy, but also a set of scalar
parameters that summarise the distribution and may be more convenient to work with, depending
on the scientific case. These parameters can be found in the PhotoZLephare _updated table
from the miniJPAS data. The list is:

e 7_ML: the median value of the zPDF.

PHOTOZ: the redshift at which the zPDF reaches its absolute maximum.

CHI_BEST: the x? value of the best fitting model.

7_BEST68_HIGH and Z_BEST68_LOW: the limits of the 68% confidence interval.

PHOTOZ_ERR: the 10 uncertainty in PHOTOZ, computed as

0.5 x (Z_.BEST68_HIGH — Z_BEST68_LOW).

ODDS: this parameter aims to represent the probability of the relative error in PHOTOZ (with
respect to the spectroscopic redshift) to be smaller than 3 %, this is: ‘PHO%S;:M < 0.03. In
practice, this quantity is calculated as the area of the redshift probability distribution condi-
tional to the source being a galaxy, P(z|G), within an interval equivalent to the 3 % of the

error, this is:

PHOTOZ+d
ODDS = / P(z|G)dz
P

HOTOZ—d
where d = 0.03 x (1 + PHOTOZ).
2.2.2 Flux and magnitudes catalogues

The measurements of the fluxes and magnitudes obtained by running SExt ractor on the miniJ-

PAS can be retrieved from the CEFCA portal. There are several apertures available, with different
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aims. In this work, we use the following:

* MAG_AUTO: this photometry aims at providing an estimation of the total flux of the galaxy.
The values of the flux and the magnitudes are calculated within an adaptive, elliptical aperture

that uses the Kron radius (Kron, 1980) as a reference for its size.

* MAG_PETRO: this photometry also aims at providing an estimation of the total flux of the
galaxy, using an adaptive, elliptical aperture, but the Petrosian radius (Petrosian, 1976; Blan-

ton et al., 2001; Yasuda et al., 2001) as a reference for the size.

* MAG_PSFCOR: this photometry aims at providing reliable colour measurements, at the cost
of a measurement of the flux that is lower than the total one. This photometry is calculated
following the process described in Molino et al. (2019). Very briefly, the magnitudes are
calculated within an elliptical aperture with a semi-major axis equal to 1 Kron radius. Then,
for each band j with a broader PSF than the reference band, a correction term is applied, this
is:

PSFCOR; = REST; + REST, — REST(j),

where PSFCOR; is the MAG_PSFCOR magnitude of the j band, REST; and REST, are
the magnitudes within the elliptical aperture with a semi-major axis equal to 1 Kron radius
in the j and reference bands, respectively, and REST(j), is the magnitude in the reference
band within the same aperture, but after degrading the image to the same PSF as in the j
band. See also Molino et al. (2014); Hernan-Caballero et al. (2021) for more details.

* MAG_APER: These photometries correspond to fixed, circular apertures. The number in the

name indicates the diameter of the aperture in arcseconds.

We will mainly use the MAG_AUTO, MAG_PETRO, and MAG_APER photometries to test our tool
for the analysis of spatially resolved galaxies in Chapter 4, we will derive the integrated properties
of these galaxies using the MAG_AUTO photometry, and we will use the MAG_P SFCOR photometry
to obtain the integrated properties of the galaxies in the mJPC2470-1771 cluster in Chapter 7.
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CHAPTER 3

Tools, catalogues, and scientific results from the miniJPAS survey

The miniJPAS survey has already proven part of its capabilities as a survey for galaxy evolution and
for studies related to environment through several published works. In this chapter, we summarise
some of these works, since they provide a more specific context for the work developed in this
thesis. Additionally, although they are not part of the scientific results of this thesis, the author of
the thesis is coauthor of these works, because they are part of the work developed by the author

during his research.

3.1 Determination of stellar population properties

3.1.1 BaySeAGal

In order to obtain the stellar population properties of integrated galaxies and of the regions of
spatially resolved galaxies, we need a SED-fitting code. Our choice here is BaySeAGal, a para-
metric, Bayesian code that uses a Markov chain Monte Carlo (MCMC) approach to explore the
parameter space and find the set of parameters that best fits the observed magnitudes. This code
was originally developed as part of the PhD thesis by Lopez Fernandez (2017) and used in the
work by Lopez Ferndndez et al. (2016) in order to fit the spectra of CALIFA galaxies along with
data from GALEX. BaySeAGal is the result of the adapation of the former code in order to
work with data from J-PAS and J-PLUS, and it will be published in a future work (de Amorim et
al., in preparation). In the meantime, BaySeAGal has been used to obtain the stellar population
properties of the integrated galaxies in miniJPAS (Gonzalez Delgado et al., 2021) obtaining simi-
lar results to other non-parametrical codes, such as MUFFIT (Diaz-Garcia et al., 2015), A1Star
(Cid Fernandes, in prep.) or TGASPEX. It has also been used in other works in order to obtain
the stellar population properties of galaxies according to different environment (Gonzélez Delgado
et al., 2022; Rodriguez-Martin et al., 2022). In this section we shall describe the basics of the code
(mainly explained by Lopez Fernandez, 2017) and the options used for these work.

Throughout this thesis, we assume a 7-delayed model, this is, we assume that the SFH of each

galaxy is described as:
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Fig. 3.1 Example of the SED-fitting results from BaySeAGal. Top panels show three blue galax-
ies. Bottom panels show three red galaxies. Coloured circles represent the observational data.
Each colour represents a filter. Gray circles represent filters that are masked during fitting due to
the possible presence of emission lines. The wavelength of these emission lines is shown with
grey, vertical, dashed lines. Black dots represent the magnitudes fitted by BaySeAGal. Small
coloured dots represent the difference between the observed and fitted magnitudes. The grey shade
shows the 4= of the difference. Black, horizontal, solid line shows the null value of the difference.
Picture taken from Gonzélez Delgado et al. (2021)
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where ¢ is the look-back time, M;,; is the total mass of stars formed during the life of the galaxy
(without taking into account the stellar mass loss due to stars reaching the end of their lifetime), ¢,
is the time where the galaxy started to forming stars and 7 is the e-folding time, which, intuitively,
represents how fast (small 7 values) or slowly (large 7 values) the star formation decays. Therefore,
the parameters used to fit are t(, 7, Ay and Z, where Ay is the dust extinction and Z the stellar
metallicity. The code obtains the SFH for the given set of parameters and normalises it to 1 M.

The next step is to calculate the synthetic spectrum using Single Stellar Population (SSP):
F(\to, 7, Ay, Z) = 1070404 / SFH(t,ty, 7, Av, Z) x SSP; z(\)dt, (3.2)

where SSP; 7 () is the spectrum of a SSP of age ¢ and metallicity Z. Then, the magnitudes of the

synthetic spectra are calculated using the response curve of the filters:

f)\RX()\)F()\,tO,T,AV,Z)d/\) "

mAB:—2.5log( IRX()\)d)\/)\

(3.3)
where Rx(A) is the response function of the filter. In this step, BaySeAGal also uses a pre-
computed matrix of magnitudes as function of the extinction and redshift, since through a Taylor
expansion it is possible to find an expression for this matrix, reducing the computation of further

fittings.

The sampling of the parameter space is done using bayesian statistics. Applied to our case,
Baye’s theorem states that the probability for a set of parameters ¢y, 7, Ay, Z given an observed

magnitude M is
_ p<t0a T, AV> Z>p(m|t07 T, AV7 Z)

p(M)
where p(tg, 7, Ay, Z) is the prior and p(mlty, 7, Ay, Z) the likelihood function. The Bayesian

p(t07 T, AV7 Z|M)

(3.4)

approach is useful since it allows to marginalise over the parameters
pCX0) = [ (Y. X M)y (5)

where X is one of the properties t(, 7, Ay, Z and Y represents the other parameters. Also, using
the samples of the MCMC it is possible to obtain the expected value of a function that depends on

our stellar population properties f(tg, 7, Ay, Z) as

< f(to,T, Av,Z) >= /p(to,T, Av,Z)’M>f<t0,7', Av,Z)dtodeAvdZ (36)

The prior used is an uniform prior, with a range of values to look for the solution ¢y = [0, 0.99]

(in units of the age of the universe, taken from z), 7 = [0.1,10] Gyr, Ay = [0,2] mag. The
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likelihood function used is
\ MZ - Ms nt,i 2
=y (M) G7)

where M; is the observed magnitude, My, ; is the synthetic magnitude obtained through the mod-
els and Am; is the error of the magnitude. The code then aims to find the model with the best
x2. The MCMC algorithm used to sample the parameter space is the python implementation by
Goodman and Weare (2010). The set of SSP used for the analysis throughout this whole thesis
is an updated version of the models by Bruzual and Charlot (2003). We show an example of the
fitting of the J-spectra of six galaxies, three blue and three red, in Fig. 3.1. We note here that
throughout this thesis, we use the AB magnitude system Oke and Gunn (1983), unless otherwise
stated. Additionally, we note that the models used in this thesis are computed using the Initial Mass
Function (IMF) by Chabrier (2003) and the latest versions of the Bruzual and Charlot (2003) stellar
population synthesis models (Plat et al., 2019).

3.1.2  The stellar population properties in miniJPAS

The code BaySeAGal was used to obtain the stellar population properties of the galaxies in mini-
JPAS in the work by Gonzalez Delgado et al. (2021). In total, ~ 8000 galaxies with rgpgs < 22.25
in the MAG_AUTO catalogue and z < 1 were studied using BaySeAGal, as well as three addi-
tional non-parametric SED-fiting codes: MUFFIT (Diaz-Garcia et al., 2015, 2023), A1Star, and
TGASPEX. The results and conclusions obtained with the different codes are compatible among
them.

The median value of the mean S/N in the narrowband filters for the sample studied was ~
8, with a 25 % of the sample with S/N < 3, obtaining an standard deviation, representing the
precision of the measurement, of 0.1 4= 0.05 dex, 0.15 & 0.06 dex, and 0.34 + 0.1 for the rest
frame (u — 7). colour, the stellar mass, and extinction Ay, respectively and 0.14 £ 0.05 dex,
0.25 £ 0.06 dex, for the the mass-weighted ages of red and blue galaxies. In fact, if only galaxies
with mean S/N > 10 are selected, these standard deviations improve up to 0.04 £+ 0.02 dex,
0.0740.03 dex, and 0.20+0.09, for the rest frame (u — r),e5 colour, the stellar mass, and extinction
Ay, respectively, and to 0.16 + 0.07 dex, for the the mass—weighted ages. The standard deviation
of the stellar metallicity for this S/N cut is 0.42 £ 0.25 dex. The distribution of the proprieties is
similar for all the codes, although larger discrepancies are found in the stellar ages, most likely due
to the different SFH.

Using the stellar mass and the dust-corrected, rest frame (u — ) to build a stellar mass—colour
diagram, the red and blue galaxy populations were easily identified. The evolution of the fraction
of each population can be seen in Fig. 3.2. Results vary with the chosen code, but in general,
the fraction of red galaxies decreases with the redshift, as blue galaxies become more dominant at
earlier epochs. This result shows the consequence of the quenching processes in galaxy evolution.

The properties of the blue and red galaxies were also found to be well characterised by their position
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in the mass—colour diagram.

Lastly, the data available from the survey allowed for studying the evolution of the stellar
population properties up to z ~ 1 (see Fig.3.3). All the properties of blue and red galaxies remain
well differentiated at all epochs. The stellar mass increases with redshift, due to the selection
bias in any flux-limited sample, since only the brightest and most massive galaxies are observed
at higher redshifts (for more information regading the completness of miniJPAS, see Diaz-Garcia
et al., 2023). Probably due to the same reason, no significant metal enrichment was found since
z ~ 1. On the other hand, the colour (u — r);, is bluer for both blue and red galaxies at higher
redshifts. The stellar ages clearly decrease with redshift, indicating either ongoing star-formation,
or a biased sample of low-mass blue galaxies at higher redshifts, due to the aforementioned flux-
limited nature of the survey. Nonetheless, all these results served to prove the power of the J-PAS

filter system for retrieving the stellar population properties and study their evolution.

3.2 Emission lines

In this thesis, we also try to offer an estimation of the Equivalent Width (EW) of the most important
emission lines in our wavelength range. For such purpose, we use the Artificial Neural Network
(ANN) developed by Martinez-Solaeche et al. (2021). In that work, two different types of ANN
were constructed: one for predicting the values of the EW of Ha, Hf, [NII], and [OIII], shortened
as ANNg, and the other one for classifying galaxies into galaxies with and without line emission,
shortened as ANN¢. In this section, we summarise the most important details of the first type of
ANN, which is the one used for this thesis.
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3.2.1 Artificial Neural Networks

The ANN is built using the Tensorflow (Abadi et al., 2015) and Keras (Chollet et al., 2015)
libraries. The structure consists of three type of layers: the input layer, the hidden layer and
the output layer. The input layer takes as input the colours of all the filters with respect to the
filter where Ha is observed, this is the colour ¢; = mag(Ha) — magp(J;), where mag(Ha) is
the magnitude in the filter where Ha is detected and m 4p(.J;) is the magnitude in the i-th filter,
different from the first filter. To take the redshift into account, several ANN are trained, one for
each redshift, going from z = 0 to z = 0.35 with a step of 0.001. The hidden layers are composed
of 2 layers, with 20 neurons each. Each neuron is connected to all the previous neurons, and their
goal is to minimise the loss function. The function used for these ANN is a Rectified Linear Unit
(ReLU) activation function (Nair and Hinton, 2010). The output layer provides the estimations of
Ha, Hp, [NI1], and [OILI].

In order to train the ANN, a set of spectra from MANGA (Bundy et al., 2015) and CALIFA
Séanchez et al. (2012) were used, after applying the filters of miniJPAS system to these spectra, in
order to generate synthetic J-spectra. This provide a wide variety of spectra from different spaxels
(star-forming galaxies, AGN hosts, high and low emission spaxels, etc.) which ensures that the
ANN is trained covering a wide range of possibilities, and betters the prediction of the ANN no
matter what type of galaxy or region we are studying. The same method is applied to the SDSS
sample used to test the ANN. We refer the reader to the original paper (Martinez-Solaeche et al.,

2021) for the details of how the errors are taken into account as well as the missing points.

3.2.2 Summary of results obtained with the ANN.

Results from Martinez-Solaeche et al. (2021) mainly show the accuracy of the trained ANNs. The
ANN¢ is capable of classifying galaxies into galaxies with or without emission lines beyond the
contrast that can be measured in J-PAS using the method by Pascual et al. (2007), which is ~ 16 A.
On the other hand, the ANN¢ can predict the EW of Ha, Hf, [NII], and [OIII] with a relative
standard deviation of 8.4 %, 13.7 %, 14.8 %, and 15.7 %, respectively, a relative bias of 0.03 %,
5.0 %, 4.8 %, and —6.4 %, respectively, and a minimum measurable EW of 18 A, 6 A, 40 A, and
13 A, respectively. Additionally, this ANN is capable of constraining the ratios of [NII]/Ha and
[OIII}/H/ within 0.092 dex and —0.02 dex, respectively, proving the usefulness of the tool. A
comparison among the predicted EW and their real values can be seen in Fig. 3.4. Additionally, the
ANN trained in Martinez-Solaeche et al. (2021) were used also used by Martinez-Solaeche et al.
(2022) to characterise the emission lines galaxies down to z < 0.35 in miniJPAS, which allowed

to retrieve the SFMS, as well as the cosmic evolution of the SFR density.
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3.3 The AMICO catalogue

Since our aim is to study the effects of environment, we need a code that allows us to discern
whether a galaxy is in a dense environment (groups/clusters) or in the field. For such purpose we
adopted the results in the AMICO! catalogues (Maturi et al., 2023). The AMICO code (Maturi
et al., 2005b; Bellagamba et al., 2018) was adapted and applied to miniJPAS data by Maturi et al.
(2023). Here, we offer a summary of the most relevant aspects of AMICO for our work, as well as

summary of the results by Maturi et al. (2023) and their implications for our work.

3.3.1 The AMICO code

This code is based in the Optimal Filtering technique. As explained by Maturi et al. (2005b), the
working hypothesis of this method is that the data can be described by a model M, multiplied by
a normalisation function A plus a noise component N, this is, D(z) = A(x) x M(x) + N(x),
where z is a set of parameters. This way, the product A x M would represent the actual signal
from the data. The goal is to construct a linear filter W(x) so that when it is convolved with the

data, it produces an estimate of the amplitude
A (z) = / D(2)¥(z — )", (3.8)

where n is the dimension of z. This filter must satisfy that the average error (A.s — A) vanishes
and that the measurement noise o must be minimal, where 0% = ((A. — A)?). More details about
Optimal Filtering can be found in Maturi et al. (2005b) and Bellagamba et al. (2011). In the rest
of the section, we focus in our scientific case, which is described mainly in Maturi et al. (2023),
where the modification and application of AMICO to the miniJPAS data is described. Some details
about the expressions of the parameters are specified in the works by Bellagamba et al. (2018) and
Maturi et al. (2019).

The data D that AMICO aims to describe is the density of galaxies. The set of parameters
used for the description of the model is the putative angular position of the cluster detection, 6., its
putative redshift, z., and for each galaxy, its angular position 6;, its redshift distribution p;(z) and

its rspgs magnitude, m,;. The amplitude is then computed as

Ngal
E C I Qi_eca i) Pi\~c
A z) = a (20 Y = oo j))p Go) _ g, (3.9)

i=1

where « is the normalisation factor, C' is the cluster model, and B accounts for the average contri-
bution of the field galaxies to the total signal amplitude. The used filter function is, in consequence,
V. (0.—60,m,z) = M(0.—0,m,z)/(m, z), which is the Optimal Filter under the assumption that

the noise is uniform and is produced by random Poissonian counts of galaxies (Bellagamba et al.,

! Adaptive Matched Identifier of Clustered Objects (AMICO)
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1.6 Mpc/h

Fig. 3.5 Amplitude response from AMICO in a slice of the miniJPAS survey at z = 0.24. The
white lines represent the survey limits and masked areas. The boxes show the RGB images from
two detections at z = 0.36 and z = (.24, with the X-ray countours from Chandra data in violet.
Picture taken from Maturi et al. (2023)
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2018). As explained by Bellagamba et al. (2018), regions with A > 0 represent regions with an
overdensity of galaxies, which are potential groups and cluster candidates. The cluster model for
miniJPAS is C'(z.; 0; — 6., m;) = R(z;, |0 — 0;])L(z;; m), where L is a Schechter luminosity func-
tion in the rgpgg band, obtained combining a passive and a star-forming population, and R is the
radial profile that describes the projected density distribution of cluster galaxies. An example of
the amplitude response by AMICO applied to miniJPAS can be seen in Fig. 3.5.

The most important parameter for our study provided by AMICO is the probabilistic associa-

tion, given by the expression

A;C(z550; — 0;,m;)pi(2;)

(3.10)
A;jC(z5:0; — 05, mi)pi(z;) + N(ms; 2;)

Pi(j> = Pf,i

where the ¢ index account for each galaxy, the index j accounts for each detection, and the term
Py = Zi_l P;(k) accounts for the probabilistic association of previous detections or cluster can-
didates. This term is introduced because clusters overlap in data space and more than one cluster
association can be assigned to a galaxy through an iterative approach. This way, the sum of all
the probabilistic associations to a detection, Zf\i"f : P;(7), provides an estimation of the number of
visible galaxies belonging to said detection.

This probabilistic association has been used in previous works in order to classify galaxies and
study the effects of environment on galaxy evolution (Gonzélez Delgado et al., 2022; Rodriguez-
Martin et al., 2022), and we will use it for the environmental classification of the spatially resolved
galaxies in miniJPAS in Chapter 6, and for the selection of the galaxies in the mJPC2470-1771
cluster in Chapter 7.

3.3.2 Summary of results from AMICO

The work by Maturi et al. (2023) applied AMICO on the miniJPAS data, finding 80 structures with
a S/N ratio higher than 2.5. Among them, 30 structures had S/N ratios larger than 3 and 11 of
them had a S/N above 3.5. The structures detected had masses down to ~ 10 Myh~!, proving
the capacity of AMICO and J-PAS to detect low mass groups. With these values, J-PAS can be
expected to detect ~ 2 x 10° structures over its final footprint of 8000 deg?.

Using data from Chandra and XMM-Newton to estimate the mass of the clusters and groups,
several mass-proxy scaling relations were derived. The results show that the best mass-proxy is
provided by the amplitude A, and is the most robust one with respect to the redshift, due to the
filtering formalism. The other mass-proxies defined rely on the magnitudes and stellar masses of
the galaxies, and are therefore limited by the absolute magnitude cutoff. Lastly, the probabilistic
membership obtained by AMICO and the membership approach applied to the spectroscopic data
from DEEP3 (Cooper et al., 2012) show a good agreement. Results from this work show that the
precision and sensitivy achieved with J-PAS filter system place the survey between spectroscopic
and photometric surveys, which might allow for studying the clustering of galaxy clusters.

We note that AMICO was not used as tool itself by the author of this thesis, but rather the
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Fig. 3.6 Cumulative distributions of the number of galaxies in the AMICO groups (left panel) and
the group stellar mass (right panel). Picture taken from Gonzalez Delgado et al. (2022)

catalogues produced by it. However, the author has contributed to the publication of this work
mainly by collaborating in the testing of the code through the analysis of the distribution of the
properties of the galaxies in the different catalogues obtained.

3.4 Role of galaxy groups in quenching processes

The data from miniJPAS has also been used to study the role that the environment of the galaxy
groups plays in the quenching process of galaxies. The results of this study, co-led by the author of
this thesis, were published in the paper by Gonzalez Delgado et al. (2022). Since this work is not
part of the results of this thesis, but it is deeply related to the topic and provides a bigger picture of
the scientific context, we shall provide a summary of the most important details and results from
this work in this section.

In this work we used the AMICO catalogues from Maturi et al. (2023) to classify the galaxies
in miniJPAS into those that are in the field and those that are in groups. We used the probabilistic
association provided by the code, classifying galaxies as galaxies in groups if their probabilistic
association P, = 0.7, and galaxies in the field if P,y < 0.1. We also studied the effect that
using different thresholds of P,.,. when selecting the groups population, and of the square of the
inverse of distance to fifth closest galaxy, >J5, had on the results obtain for some properties. In total,
we studied a sample of galaxies in 80 groups, with masses in the range Mg, € [10105,10'2] M.
We also divided galaxies into red and blue galaxies. With this classification, we studied the relation

among the colour of the galaxy, its environment, and its properties.

3.4.1 Properties of galaxies in groups and field

Our first finding was that the number of galaxies in groups greatly varies with the threshold used in
Pssoc (see Fig. 3.6). Most of the groups have less than 20 galaxy members, with a mean value of
10.4 galaxies per group (~ 5 if the chosen threshold is P = 0.8, ~ 15 if the chosen threshold
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Fig. 3.7 PDF of the stellar population properties of the galaxies in miniJPAS, by galaxy colour
and environment. The grey area represents the distribution of the complete sample. Red solid lines
represent the distributions of the red galaxies in the field. Red dashed lines represent the distribution
the red galaxies in groups. Blue solid lines represent the distributions of the blue galaxies in the
field. Blue dashed lines represent the distribution the blue galaxies in groups. Picture taken from
Gonzélez Delgado et al. (2022)

1S Passoc = 0.6). These values are more similar to those found for galaxy groups than for galaxy
clusters, with one notable exception, the cluster mJPC2470-1771, which we studied separately in
Rodriguez-Martin et al. (2022) and that is part of the results of this thesis (see Chapter 7).

Concerning the distribution of the stellar mass content of the groups, estimated by adding the
stellar mass of all the galaxies in the groups, we found that there is still a dependency with the
threshold of P, although it is much weaker than in the previous case. We also found that half
of the groups have masses lower that 10> M, and that the most massive structure is the cluster
mJPC2470-1771. This is the only structure more massive than 10'? M. These results show that
the structures detected in AMICO are galaxy groups, rather than galaxy clusters.

We also find that the Probability Density Function (PDF) of the stellar population properties
of the red galaxies shows no significant difference for red galaxies in the field and in groups, but
the PDF of blue galaxies in groups is slightly shifted towards older, redder, more metal-rich values
of their properties, as well as to lower values of the sSFR and smaller values of /¢, than blue
galaxies in the field (see Fig. 3.7). These differences in the distributions translate into similar shifts
of the distributions of the same properties of the general galaxy population in groups compared to

the galaxy population in the field.

3.4.2  Fraction of red and blue galaxies

Based on previous works that had found relations between the density of the environment and

other properties, like the pioneering work by Dressler (1980) did with morphology, we studied the
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Fig. 3.8 Fraction of blue and red galaxies as a function of the density of the environment. Red
symbols represent the fraction of red galaxies and blue symbols represent the fraction of blue
galaxies. Coloured circles represent the fractions in groups, grey circles represent the fractions in
the field, and dots represent the fractions in the complete sample. Picture taken from Gonzélez
Delgado et al. (2022)

fraction of red and blue galaxies as a function of the density, here parameterised by the square of
the inverse of the distance to the fifth closest galaxy, 25, which is equivalent to the galaxy number
density (see Fig. 3.8). We chose to use the colour instead of the morphology since it correlates
with many properties of the galaxies (Kauffmann et al., 2003b,c), and its also correlated with the
environment of galaxies (see e.g. Lewis et al., 2002; Kauffmann et al., 2004; Rojas et al., 2005;
Weinmann et al., 2006; Liu et al., 2015; Moorman et al., 2016). We found that the fraction of red
galaxies clearly increases as log 3.5 increases. Consequently, the fraction of blue galaxies decreases
with log >J5. Another interesting result is that, for a same value of log X5, the fraction of red galaxies
is always higher in groups than in the field.

We also studied the relation of the fraction of red and blue galaxies with the stellar mass of the
galaxy (see Fig. 3.9), finding that the fraction of red galaxies in groups increases with the stellar
mass, and is always higher in groups than in the field for masses M, > 10'° M. This fraction
also increases as the redshift decreases, from z ~ 0.8 to 0.1, similarly to the Butcher-Oemler effect
(Butcher and Oemler, 1978, 1984).

3.4.3 Quenching fraction excess

We studied the fraction of quenched galaxies, that we selected as those with sSSFR < 0.1 Gyr*,
following the same approach as Peng et al. (2010). Results can be seen in Fig. 3.10. This fraction
is always higher in groups (~ 28 %) than in the field (~ 5 %). This fraction remains approximately

constant for groups regardless of the threshold value of P, but it does vary with the popula-
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Fig. 3.9 Fraction of blue and red galaxies as a function of the stellar mass. Red symbols represent
the fraction of red galaxies and blue symbols represent the fraction of blue galaxies. Coloured
circles represent the fractions in groups, grey circles represent the fractions in the field, and dots
represent the fractions in the complete sample. Picture taken from Gonzalez Delgado et al. (2022)

tion selected for field for galaxies more massive than 10' M. On the other hand, the threshold
imposed in the selection of galaxies in groups does not affect greatly this fraction.

Furthermore, in this work we also studied the Quenched Fraction Excess (QFE), using the
definition by McNab et al. (2021):

QFE = (fsp — f§0)/ féps (3.11)

where fE. is the fraction of star-forming galaxies in the field and f§ is the fraction of star—
forming galaxies in groups. Our results show a strong dependence of the QFE on the galaxy stellar
mass for galaxies more massive than M, = 10'° M, with the QFE going from 0.4 at low masses
up to 0.6 for masses larger than 10*!-> M, (see Fig 3.11) . For galaxies below that mass, the QFE
remains approximately constant, and it is negligible for masses lower than 10° M. We also find a
relation with the density of the environment (groups vs clusters) that we will comment at the end
of Chapter 7.

We also selected transition galaxies (those that used to be star—forming galaxies and are becom-

ing quiescent galaxies) using two different criteria:

* Galaxies with a value of the SFR between —0.5 dex and 1 dex lower than the expected value
of the SFR provided by the SFMS for the galaxy’s mass. We call this set TG1 for short. This
criteria is equivalent to the one used by Bluck et al. (2020).

* Blue galaxies with a sSFR < 0.1 Gyr~!, which is the limit used by Peng et al. (2010) to

distinguish quiescent and star—forming galaxies. We call this set TG2 for short.
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Fig. 3.10 Fraction of quenched galaxies as a function of the stellar mass. The different symbols
and colours represent results obtained using different criteria to select galaxies in the groups and in
the field. The brown, continuous line represents results by McNab et al. (2021), and dashed brown
lines represent their 68 % confidence interval. Picture taken from Gonzélez Delgado et al. (2022)
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Fig. 3.11 QFE as a function of the stellar mass. The different symbols and colours represent
results obtained using different criteria to select galaxies in the groups and in the field. The brown,
continuous line represents results by McNab et al. (2021), and dashed brown lines represent their
68 % confidence interval. Picture taken from Gonzélez Delgado et al. (2022)
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Fig. 3.12 Relative abundance excess of transition galaxies as a function of galaxy stellar mass.
Green and orange points represent values obtained for the sets of trasition galaxies TG1 and TG2,
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McNab et al. (2021) for the green and blue quiescent galaxy populations in GOGREEN. Dashed
lines (same colours) represent the 68 % confidence limits of their fit. Picture taken from Gonzalez
Delgado et al. (2022)

With these criteria, we found that the fraction of transition galaxies is higher for galaxies in
groups than galaxies in the field. These galaxies allow us to study two additional variables related
to the environment and the quenching process. The first of them is the excess in the abundance of

transition galaxies. Following McNab et al. (2021) approach:

Rimi = (£ = 1)/ fér. (3.12)

where R; is the fraction of field star—forming galaxies that are quenched per unit of time, 7; is the
transition time scale, this is, the time spent in the transition phase, fiG 1s the fraction of transition
galaxies in groups, f/ is the fraction of transition galaxies in the field, and fZ}. is the fraction of
star-forming galaxies in the field. This equation assumes that the mass accretion rate is constant
in time, that the abundance excess of transition galaxies is produced exclusively by quenching
and that the number of transition galaxies produced by other factors aside from the environment
is proportional to the total galaxy population. Results obtained for this parameter can be seen in
Fig. 3.12. Values obtained vary depending on the threshold used to select group and field galaxies,
as well as on the definition of transition galaxies, but this variation is reduced for mass bins lower
than 10'* M. There is a slight dependence with the stellar mass: R;7; remains approximately
constant at 0.05 for masses lower than 10*° M, peaks at 0.1 at the mass bin 10'%-5 M, and then

decreases with mass. The results are compatible with those by McNab et al. (2021) within their
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Fig. 3.13 Rate of group galaxy quenching. Green and orange points represent the values obtained
using the transition galaxies sets TG1 and TG2, respectively. Results compiled by McNab et al.
(2021) are shown with grey points with red borders. Different shapes represent results obtained by
McNab et al. (2021) using data from different works: triangle for Paccagnella et al. (2019), square
for Poggianti et al. (2009), diamond for Muzzin et al. (2012), and cross for McNab et al. (2021).
The dashed line is QFE/T for QFE = 0.4, and the dotted line represents the evolution of the
inverse of the dynamical time, (1 + 2)3/2 scaled to R = 0.05 Gyr™ "' at z = 0. Picture taken from
Gonzélez Delgado et al. (2022)

confidence intervals, despite the absence of the negative gradient for lower masses in our results.
From R;T;, we inferred the rate of environmental quenching, R;, by calculating 7; as the fading
timescale, t.q., Which is the time that galaxies in groups spend in the transition phase. Using the

same approach that Balogh et al. (2016):

tfade/tSFthrans = 7—i/tq = Tz/T = sz/(fSC'JF + fiG)a (313)

where tsp i trans 15 the time during which all the current star forming and transition satellite galaxies
will fall into the cluster, Z, is the total quenching time scale, 7" is the lifetime of the cluster at given
epoch, and f§. is the fraction of star-forming galaxies in groups. We also used the relation found
by Balogh et al. (2016) using the Millenium simulations (Springel et al., 2005):

ty=Ax (1+2)7%2 (3.14)

where A is the lookback time when the halo started to assemble satellites, which depends on the
halo stellar mass, which we derive from Fig. 5 of Balogh et al. (2016). This allows us to calculate
the transition timescale, 7;, also defined as the fading timescale ¢¢,4., Obtaining a value of 7, =
1.5 Gyr using the TGI set and 7; = 0.8 Gyr when using the TG2 then. We then followed a
similar procedure to calculate the values of 7; for four different redshift bins, using both sets of

transition galaxies, which allowed as to obtain the values of 1?; in those redshift bins (see Fig. 3.13).
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The evolution of R; that we obtain with our results is compatible with an evolution of constant
QFE = 0.4.

The results of this work, based of the capabilities to obtain reliable stellar population properties
shown in Gonzélez Delgado et al. (2021), the accuracy of the photo-z by Hernan-Caballero et al.
(2021), and the capability to detect galaxy groups and the galaxies within them with AMICO
(Maturi et al., 2023), show the power of the photometric filter system of J-PAS to study the effect
of the environment on galaxy evolution. In this thesis, we depart from this basis and provide further
insight in this topic.
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CHAPTER 4

Py2DJPAS

In this chapter we present and describe in detail Py2DJPAS, a tool developed in Python to
automatise the analysis of the properties of the spatially resolved galaxies in miniJPAS, J-PAS
and J-PLUS. Our goal is to provide a single code that downloads the scientific images and tables
required for the analysis, performs the image treatment, the specified segmentation and, if desired,
calls an external fitting code for spectral energy distribution, and a code to estimate the equivalent
widths of the of Ha, Hp, [NI1], and [O111] emission lines. We illustrate the different process of the
analysis (images and table download, masking, and PSF homogenisation) and, as a sanity check,
we show that we are able to retrieve the same values of the magnitudes as those provided in the

miniJPAS catalogue using SExtractor.

4.1 Introduction

Studies using IFU devices are one of the pillars of modern extra-galactic astrophysics. This type of
device was originally proposed by Courtes (1982), with the aim of overcoming the aperture effects
that traditional spectroscopy suffered since, for many galaxies, it was capable of covering only a
small region of the object. By using several fibres at the same time, these instruments can observe
extended objects and provide 3D-data, where two dimensions are spatial, and the other dimension
is the wavelength of the light.

In the last decade, IFS surveys have played a key role in understanding galaxies’ structure and
formation. Such is the case of the CALIFA (Sanchez et al., 2012) and MaNGA (Bundy et al., 2015)
surveys. These surveys used a bulk of fibres in the FoV of the telescope to capture the light from
the different regions of the target. This light was then diffracted using gratings (which determine
the spectral resolution) and measured using a CCD. Since the bulks of fibres did not fully cover the
FoV (there are gaps among fibres), a dithering approach was used to solve this issue.

The CALIFA survey was carried out at the Observatorio de Calar Alto, using the Potsdam Multi
Aperture Spectrograph (PMAS) instrument (Roth et al., 1997, 2005) in its PPAK mode. This survey
was carried out using two different gratings, the V500, with an spectral resolution of R ~ 850 at
~ 5000 A, and V1200 with a resolution of R ~ 1250 at ~ 4500 A, using a bulk of 382 fibres of
2.7" of diameter, 331 of them used to target the object, amounting for a FoV of 74" x 64", and
covering a wavelength range of 3700-7000 A (see Sanchez et al., 2012). Some of these fibres were
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used in in order to perform the sky subtraction and flux calibrations processes described in Sanchez
etal. (2012). On the other hand, MaNGA used two identical spectographs, each with a red and blue
branch. The gratings provided resolutions of R ~ 1400 at ~ 4000 A and R ~ 1800 at ~ 6000 A
for 1420 fibres of 2, distributed in 17 IFU covering a wavelength range of 3600—10300 A.

Photometric data has long been used to obtain the stellar population properties of galaxies (see
e.g. Wolf et al., 2003a; Mathis et al., 2006; Walcher et al., 2011; Diaz-Garcia et al., 2015; San
Roman et al., 2018; Gonzailez Delgado et al., 2021, and references therein) and even infer the
line emission of galaxies (see e.g. Ly et al., 2007; Pascual et al., 2007; Takahashi et al., 2007;
Villar et al., 2008; Koyama et al., 2014; Vilella-Rojo et al., 2015; Martinez-Solaeche et al., 2021,
2022, and references therein). In order to accurately estimate these properties, reliable photometry
measurements are essential. Several codes have been developed with this aim. Probably the most
notable among them is SExt ractor (Bertin and Arnouts, 1996), which remains extensively used
up to this day. In particular, it is the code that was used to detect the sources in miniJPAS and to
measure their fluxes. However we are interested in developing our own code, which allows us to
extract the magnitudes and fluxes of the desired regions of the galaxies that we want to analyse.
Similar codes to our purpose include PyCASSO (de Amorim et al., 2017) or pyPipe3D (Lacerda
et al., 2022).

The J-PAS survey will provide 3D-data that is ideal for IFU-like studies. Despite having a
lower spectral resolution compared to spectroscopic surveys, it has been proven to retrieve the
stellar population properties of galaxies with great accuracy (Gonzélez Delgado et al., 2021). It
also has the advantage of a large FoV (4.2 deg?® for J-PAS and 0.27 deg” for miniJPAS) which has
two main advantages for our purposes: it allows to detect galaxies in groups and clusters with no
selection bias, and it also allows us to study larger galaxies without aperture bias. The pixel scale
of 0.23 arcesc pixel ' also allows for a great spatial resolution over a wavelength range of 3780—
9100 A. The capabilities of multiband surveys to perform IFU-like studies has also been shown,
in particular using data from the ALHAMBRA (Moles et al., 2008) and J-PLUS (Cenarro et al.,
2019) surveys, which are very related to J-PAS. These spatially resolved studies include the study
of the stellar population properties (San Roman et al., 2018, 2019), and the star formation rate of

the regions of galaxies (Logrofo-Garcia et al., 2019).

4.2 Data

The miniJPAS survey (Bonoli et al., 2021) is a 1 deg” survey that was carried out at the OAJ
(Cenarro et al., 2014b), using the 2.5 m JST/T250 telescope. The main goal of this survey was to
show the potential of the J-PAS photometric filter system. All our data comes from its public data
release, and our aim is to provide a solid method to obtain the photometry of the regions of the

spatially resolved galaxies in this data release.
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4.2.1 Sample selection

In order to test the photometry obtained with our methodology, and to study the properties of the
spatially resolved galaxies in miniJPAS (see Chapters 5 and 6), we need to impose some criteria in
our sample selection. This criteria must guarantee that the selected galaxies are suitable for such
purpose. The first requirement is that their apparent size must be large enough to divide them into
regions. Our reference parameter for this selection criteria is the PSF. We need galaxies to be larger
than the PSF of the images. Otherwise, our analysis could be affected by colour terms introduced
by the PSF, particularly in the inner regions (see e.g. Tamura and Ohta, 2003; Gonzalez-Perez et al.,
2011). Another matter to take into account is whether the galaxy is face-on or edge-on. There are
many studies that show that the spatial variation of the properties of the galaxy is mostly radial
(see e.g. Mehlert et al., 2003; Sdnchez-Blazquez et al., 2006a,b; Gonzdlez Delgado et al., 2015,
2016; San Roman et al., 2018; Bluck et al., 2020; Parikh et al., 2021). Thus, the light extracted
from a galaxy completely edge-on would be a mixture of the light emitted in inner regions, like
the nucleus, and outer regions, such as the arms. The results obtained with such extractions would
be really hard to interpret, so we decide to avoid very edge—on galaxies, using the ellipticity of
the aperture as a proxy of their inclination. Lastly, we also desire to avoid artefacts in the images
and galaxies whose photometry might be unavoidably biased by other bright nearby sources. In
consequence, we also need to take the flags of the scientific images into account. Our selection

criteria can be summarised in the next requirements:

* The effective radius (R_EFF) of the galaxy must be larger than 2”. Given the typical FWHM
of the PSF of the images in miniJPAS (see Fig. 5 in Bonoli et al., 2021), we assume a limit
case of 2" for the FWHM of the PSF, to make sure that the PSF is actually better in all the
filters. We aim at performing at least two extractions within 1 R_EFF, and the FWHM of
the PSF acts as a diameter, hence the condition: R_EFF > 2 x (FWHM/2) = R_EFF >
FWHM = R_EFF > 2".

* The radius obtained as the square root of the isophotal area divided by m must be at least two
times larger than the FWHM of the PSF. This condition tries to find galaxies where we can

perform at least four extractions.
* The ellipticity must be smaller than 0.6, to avoid galaxies that are not face-on enough

* The MASK_FLAGS parameter provided by SExt ractor must be O for all the filters. This
way, we avoid galaxies that are outside the window frame, that are near a bright star, or that

are masked due to nearby artefact.

* The FLAGS parameter must not contain the flag 1. This flag indicates that the object has
neighbors, bright and close enough to significantly bias the photometry, or bad pixels (more
than 10% of the integrated area affected).
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Fig. 4.1 Observational information of the galaxy 2470 — 10239. First panel shows a composite
RGB image of the stamp used for the analysis. Green and red ellipses show the Kron and Petrosian
apertures used by SExtractor, respectively. Second panel shows the MAG_AUTO J-spectra ob-
tained through SExt ractor. Last panel shows the zPDF of the galaxy.

* The CLASS_STAR parameter must be lower than 0.1, to filter the maximum number of stellar

objects.

In this chapter we will focus on reproducing the magnitudes obtained with SExt ractor in the
miniJPAS public data release for these galaxies. Our aim is to test the validity of our methodology
and proof that the J-spectra of the galaxy that we will obtain and fit (see Chapters. 5 and 6) is
accurate. Although integrated photometry can be obtained for a larger set of galaxies, this set
allows us to fulfil our goals for this chapter, while also getting a deeper insight on the sample, as
well as requiring a lower computing time.

Additionally, we will use the galaxy 247010239 as test example to illustrate the different parts
of the methodology. This is a red, massive (M, = 10151 M,,), elliptical galaxy with rgpgg = 14.62.
The RGB image of the galaxy can be seen in Fig. 4.1, as well as its J-spectra and zPDF. Its shows
a typical J-spectra of a red galaxy, with no visible emission lines. Its zPDF is a narrow distribution
with a very high peak (and no additional peaks) at = = 0.074. The spectroscopic redshift obtained
from SDSS is 0.07451 4= 0.00002. We choose this galaxy because its the largest galaxy in apparent
size in miniJPAS, and because it has also been observed with MaNGA, which will allow us to
perform additional tests, like comparing our J-spectra with the spectra obtained from MaNGA (see
Chapter 5).

4.3 Methodology

In this section we describe the working processes of Py2DJPAS, our tool based on Python in
order to automatise the steps required for the analysis of the properties of the spatially resolved
properties. The diagram of tasks is shown in Fig. 4.2. The main tasks can be divided in the
following blocks: download of the images and tables (Sect. 4.3.1), flux conversion (Sect. 4.3.2),
the masking of the image (Sect. 4.3.3), the PSF homogenisation (Sect. 4.3.4). the segmentation
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Fig. 4.2 Flow diagram of Py2DJPAS. Red ovals Indicate the beginning and end of the different
process, blue parallelograms indicate reading and writing input and output files, green rectangles
represent computation processes and the yellow diamonds represent decision points. Further details
of the processes can be in Sects. 4.3.1, 4.3.2, 4.3.3, 4.3.4 and 4.3.5, except for SED-fitting and
emission-line estimation, which are described in Chapter 5 and 6.

and binning of the galaxy (see Sect. 4.3.5 for the details of the apertures used in this chapter, and
see next chapters for the details of segmentations used there) and the SED fitting and line emission
analysis (see Sects. 3.1.1 and 3.2 in Chapter 5 and 6). In the following subsections we explain
the details of each step, specifying the most relevant parameters that control them, and provide the

values of these parameters used for out work.

4.3.1 Code initialisation and download of images and tables

At the beginning of the process, the code creates a J2DCube. This is the Python class that
we have created in order to save all the relevant information for our analysis. The first table that
is saved in the J2DCube is a table containing relevant information about the photometric filters,
mainly the name of the filter and its pivot wavelength. In order to calculate the pivot wavelength

we use Eq. 6 from Diaz-Garcia et al. (2015), this is:

[ ARx(A\)dA

>\pivot = W (4 1)

where Rx () is the response function of the filter. This functions can be downloaded from
the Filter Profile Service of the Spanish Virtual Observatory!. We shall refer to this table as

'http://svo2.cab.inta-csic.es/theory/fps/
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filters_table. We save this information into the cube because first, the wavelengths are
required for some functions and calculations, such as plotting the J-spectra or transforming the As-
tronomical Digital Unit (ADU) into flux units; second, it also helps to keep track of the filter and
survey configuration in case any modifications are made to fit the requirements of the collaboration.

The main script then begins the download of the relevant images and tables required for the
analysis. All the download process are handled through Astronomical Data Query Language
(ADQL) queries (Osuna et al., 2008) and Virtual Observatory (VO) protocols?, most of them Ta-
ble Access Protocol (TAP) services. The infrastructure is provided by the Unidad de Procesado y
Archivo de Datos (UPAD) at Centro de Estudios de Fisica del Cosmos de Aragén (CEFCA). For
more information about how to handle the downloads, see the CEFCA user’s manual®.

The first downloaded item is what we call the info_table. This is the MagABDualOb j
table, obtained by running SExt ractor on its Dual Mode using the rspgg filter as the reference
band. This table contains useful parameters of each galaxy, such as the different integrated AB
magnitudes and their errors, the sky coordinates, the ellipse parameters or the KRON_RADIUS and
PETRO_RADIUS radius. We also download the FLambdaSingleOb j from the catalogues. This
table contains the same information as the MagABDualOb ] table, but the photometry is in units
of erg x s™! x cm~ x A~'. This tables are stored in the J2DCube, from where we can access the
table as a whole or each parameter individually.

The next step is the download of the scientific images. We can define the size according to a
property of the galaxy, such as its effective radius or its semi-major axis. Here, the code uses the
filters_table to determine the images that must be downloaded. We download the images
for all the filters, because in this work we intend to use the maximum number of filters in order
to test our performance in every band, and also to provide the largest possible number of points
to the SED-fitting code (see Chapters 5 and 6). We found that for this work, square stamps of 30
times the size of A_ WORLD, the major semi-axis provided by SExt ractor, provides an area large
enough to contain the whole galaxy and to estimate the background.

From the header of the images we shall use two main type of parameters: those that provide
the information about the World Coordinate System (WCS) that we will use to perform pixel-to-
sky-coordinate transformations (see Greisen and Calabretta, 2002; Calabretta and Greisen, 2002;
Greisen et al., 2006, for a detailed description of this transformations, as well as the astropy
documentation for its Python implementation #), and the parameters from the image used to
calculate the errors of the photometry. These parameters are SNOIFIT, ANOIFIT, BNOIFIT,
and GAIN and we will use them in Sect. 4.3.2.

The code brings the option to download the PSF models provided by CEFCA. This step is not
compulsory, but it is recommended, since the use of these models in order to homogenise the PSF

of all images improves the photometry of inner regions and provides more reliable data for the

https://www.ivoa.net/
3https://archive.cefca.es/doc/manuals/catalogues_portal_users_manual.pdf
“https://docs.astropy.org/en/stable/wcs/
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analysis (see Section 4.3.4. for further details). In this chapter, we will download these models, but

we shall use them only when specified. The models will be used in Chapters 5 and 6.

The Zero Point (ZP) of the filters and their errors are then downloaded. These will be used
in Sects. 4.3.2 and 4.3.5 to convert the images from ADU to physical units, as well as to perform
the photometry in the pertinent regions. The photometric calibatrion is described in Bonoli et al.
(2021) and is largely based in the work of Lépez-Sanjuan et al. (2019b). A summary of this work
can be found in Sect. 2.1.6 and a revised version of this method was presented by Lopez-Sanjuan
et al. (2024).

The next two items to be downloaded are related to redshift. The first one is the table with
information provided by the JPHOTOZ package (Herndn-Caballero et al., 2021), this is, the
PhotoZLephare_updated table, and the table containing the complete zPDF. The complete

list of the parameters that are given in this table can be found Sect. 2.2.1.

The last item that we download is the cross correlation table with SDSS, from which we select
the spectroscopic redshift (if provided), its error, and its quality flags. We shall use this spectro-
scopic redshift when available, because even though the photo-z provided are in very good agree-
ment with the spectroscopic ones (Hernan-Caballero et al., 2021), some aspects of our analysis can
benefit from the better precision of the spectroscopic redshift. For example, the estimated values of
emission lines that are in the same filter, such as Ho and [NII] see their uncertainty reduced with a
more precise redshift (see Martinez-Solaeche et al., 2021, for further details, and Chapter 6 for our

analysis of the emission lines.)

4.3.2 Flux conversion

The information from the scientific images can be divided into two types. The first one includes
several entries from the observations, filter parameters that are needed in order to calculate the
errors, values to perform pixel to sky coordinates transformations, or data from SExt ractor. The
code copies the information that is common to all the filters from the header of the first image and
stores it in the header of the J2DCube, so it can be easily accessed when needed. The parameters
that depend on the band and are used for the calculations of the errors (SNOIFIT, ANOIFIT,
BNOIFIT, and GAIN) are stored in a separate table. The second type is the data from the images
itself. We use the latter type to create a data cube with shape (i, y, ngiers ), Where (z,y) are pixels

units and ngjiers 1S the number of filters. In the case of miniJPAS, ngiiers = 60.

This data is in ADU and provides the counts for each pixel. In order to convert the ADU into

physical units, we make use of the equation:

map = —2.5log,,(ADU) + ZP. 4.2)

If we take the equations used to convert the STMAG system (Stone, 1996), compiled in Egs. 4
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and 5 by Diaz-Garcia et al. (2015), from Bessell (2005) and Pickles and Depagne (2010):
mgt = —2.51ogo F\ — 21.1, 4.3)

maB = msrt — 5 loglo )\inOt + 18692, (44)

we obtain that the flux is:
10-04x2P

)\2

pivot

F, =0.1088 x ADU , 4.5)

where ADU are the image counts, Z P is the zero point of the image, and A, is the pivot
wavelength of the filter.

In order to calculate the error of the flux we assume Gaussian errors:

120 12%% )2
O—FA = \/(%) (00)2 + (%) (003)2 + (;Z;) (O’ZP)Z, (46)

where o¢ and o¢,, error of the counts and the error are the error in the counts in the background,

respectively, which are defined in Egs. 6 and 7 from Logrofio-Garcfia et al. (2019) as:

oo = ¢ _GCB, (4.7)

and
0 = Siuy/Noin (s + biy/Noie) (48)

As a result we obtain that:

1 2 Nois (ane + bay/Npw) . (10N>
OR = F)\ X \/|ADU|G + ADU2 + 2.5 (JZP) ’ (49)

where G is the gain of the detector, Vi is the number of pixels of the integrated region, as,
bgy and sgy are parameter provided in the image headers used to calculate the background noise
(ANOIFIT, BNOIFIT and SNOIFIT, respectively) and where we have taken into account that
the images are already background subtracted, so we have used ADU = C' — C'g (where C' stands
for the counts of the detector and C'p for the counts of the background). The signal to noise ratio
is defined as F)\ /o, and can be derived from Eq. 4.9.

With these equations we are able to convert the ADU data into flux physical units. We note that,
as shown in equation 4.5, flux is proportional ADU counts, which means that in order to obtain the
flux or magnitudes of one region for each filter, we can sum the counts of each filter image of the

pixels in the region, this is:
Npix

F)\,region - Z F)\,i (410)

i=1

where F) ; is the flux in each pixel in the region and [} ;egion 1 the integrated flux of the region.
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We also create another data cube with the same dimensions as the previous ones, containing
the errors of the flux per pixel (by using equation 4.9 with Ny, = 1). This cube can be used
to filter pixels with lower S/N ratio than desired, or as an input for codes that require a signal
image and a noise image, such as the Voronoi binning method by Cappellari and Copin (2003),
and the BatMAN binning by Casado et al. (2017). However, we note that the error in regions
is computed according to Eq. 4.9 and not to the sum of the square errors, this is, using O’%}\ =

2
Nopix BF)\,re ion 2 Npix 2 . . .
S (ﬁ) (0r,)" = > (o). This last approach leads to an underestimation of

the errors.

4.3.3 Masks

Photometric images with a large FoV have several avantages, like unbiased object detection, depth
usually larger than spectroscopic data (for a same instrument, telescope, and integration time) and
the capability to study large objects without aperture bias, among others. However, this large FoV
also implies that our targets might be affected by nearby objects, such as stars or other galaxies.
Also, images might suffer from artifacts, showing structures that are not real or are out of our
interest of study, like cosmic rays, or artificial satellites. Therefore we require a mask, this is,
a binary flag for each pixel of the stamp that tells us whether that pixel should be used when
calculating the flux or magnitudes of the region, or if should not be taken into account, (this is, the
pixel should be masked).

With this in mind, we distinguish two types of masks: nearby sources masks and masks com-
puted using the mangle® software (Hamilton, 1993; Hamilton and Tegmark, 2004; Swanson et al.,
2008). This program was designed to work on spherical surfaces, such as the celestial sphere, and
provide angular masks, providing polygons whose edges are part of a circle of the sphere. These
masks are provided by CEFCA and they account for image artefacts and bright stars that bias fluxes
and saturate pixels around them, meaning that we cannot use them for our analysis. These masks
are computed at complete image level. The use of this masks is advisable, since they account for
effects that may not be easy to take into account with other methods. For example, the light of the
bright stars biases the flux in more pixels than what one could appreciate at simple eyesight, and
artifacts may appear only in certain filters.

When studying each galaxy, we want to obtain the flux of its regions and remove pixels that
belong to other nearby sources. These objects are not masked with mangle, since they are also
part of the miniJPAS catalogue and they are not biasing any flux measurement. With this aim,
we develop our own method to mask these sources. In particular, we use the segmentation
module of the phoutils library®. The module allows us to distinguish between two sub-type of
sources: those sources that are in the frame, but well separated from the galaxy, and those sources

that might be blended with the target galaxy. We use both options in our work. This module was

Shttps://space.mit.edu/~molly/mangle/
®https://photutils.readthedocs.io/en/stable/
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Fig. 4.3 Example of the total mask obtained with Py2DJPAS. Left panel shows an stamp of the
AEGIS field. Right panel shows the image with the mask obtained by detecting and deblending
nearby sources and combining it with the mangle output. Colour represents the flux in ADU.

used in other works, such as Gondhalekar et al. (2022) but, unlike this work, that aims at providing
an object mask that delimits the target galaxy (in order to be used for morphological studies), we
aim at removing the objects that are not the target galaxy. We choose this approach since our goal
is to obtain solid and accurate flux and magnitudes measurements that provide accurate galaxies
properties through SED-fitting and ANN estimation (see Chapter 6). Since establishing the limits
of a galaxy is a hard task, we prefer to be more flexible in this regard, under the assumption that
if outermost pixels are still part of the galaxy, they should be included in the region and, if they
are not part of it, a correct background subtraction should remove their statistical contribution to
the flux. This way, we will also be able to test the maximum distance at which we are capable of
retrieving the properties of the galaxy.

We show an example of the total mask obtained in Fig. 4.3. This stamp shows the rspgg image
of a wide field centred in galaxy the 2470-10239 (R.A. = 213°.8349, Dec. = 52°.3459). Around
the galaxy on the image centre, we can find several sources, including two bright stars very close
between them, at the upper left of the stamp, easy to identify because of the light halo around them.
We can see that the mangle mask successfully covers these two bright stars, and in the bottom left
corner of the right image we find part of a bright star, that is still affecting the photometry of that
part of the image. It also illustrates that our method masks both blended and non-blended sources

near the galaxy, and serves well for our purposes.

4.3.4 PSF homogenisation

The response of a an optical system has an effect on the light, spreading it, which means that the
obtained image of a point source is not a point. The PSF describes this response of the system.

It affects not only point like sources (stars) but also extended ones, such as galaxies. Taking the
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PSF into account has been proven to be crucial when working with photometric surveys (see e.g.
Heasley, 1999; Infante-Sainz et al., 2020; Massari et al., 2020), particularly when working with
multi-wavelength surveys (Coe et al., 2006; Molino et al., 2014; San Roman et al., 2018), where
the response in each band is different, due to the variation of the PSF with wavelength, as well as
in the atmospheric conditions of the observations. Therefore, we need to account for these effects
in order to obtain reliable measurements of the photometry of the regions. Otherwise, we could be
introducing biases in the colour gradients (see e.g. Tamura and Ohta, 2003; Gonzalez-Perez et al.,
2011) or structures that could bias our results.

In order to avoid these problems, we decide to homogenise the images to the worst PSF among
all the bands for every galaxy. This method has been used in other works such as those by Loh
and Spillar (1986); Labbé et al. (2003); Capak et al. (2007); Enia et al. (2020) or Kiiveri et al.
(2021), since it produces homogeneous apertures in all the bands, at the cost of worsening the

spatial resolution. The procedure that we follow is:

* For each galaxy, for each band, we download the model of the PSE. We use the model pro-
vided for a given position of the image, using the coordinates of the galaxy in the catalogue.
We assume that the spatial variation of the PSF model is negligible for the extent of the

galaxy.

* We parameterise each model (for each galaxy and each band), using the approximation that
they are two-dimensional Gaussian functions, with no correlation, since it greatly simplifies

the equations and the calculus. This is, we assume that the model of the PSF can be described

1 B 2 B 2
Glr,y) = 5—— exp [— (x - x°> - (y - yo) ] 4.11)
0y T Y

* From this parameterisation, we are interested in the variance in each axis of the model. These

as:

variances are calculated as the second order moments of the distribution

o2 — > (i =)« G(l%?), (4.12)

: 2. G(i,7)

o2 = il Z 9 *xG(@.y) 4.13)

! 2. G(T,yi)

where z; and y; 7 are the pixel positions of the model, and Z and 7 are the first moments of

the distribution, calculated as:

Zi,j zi * G(24,Y;)
Zi,j G(xi, ;)

(4.14)

T =

"Note that, since x; and y; are pixel positions, they are integer numbers than run from 0 up to the pixel size of the
model.
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Ei,j yj * G(zi, ;)
— (4.15)
225 G, yj)
* Because of the Gaussian approximation, we know that the FWHM of the PSF is FWHM =
24/21In(2) x o. This way, we know that the filter with the worst PSF is the filter with the

<

largest variance.

* We calculate the variances of the required Gaussian kernel as

_ 2
O—kerneli,x - Uworsti,:c - Jﬁlteri,an (416)
2 _ 2 2
O-kerneli,y - Uworst,y - O-ﬁlteri,yﬂ (417)
2 2 . .
where 0y, . and o5, , are the variances of the filter with the worst PSF along the X and

Y axis, respectively.

* For each image, we generate a Gaussian kernel with variances Uﬁemem and UﬁemeLy, and we
convolve the image with its corresponding kernel. We find that o2 ~ crfj, SO in practice
Operncle = Tremely- This step of the process is skipped for the image of the filter with the

worst PSF, and the same degradation is applied in both axis for the rest of the images.

With this process we can obtain homogeneous apertures for the images that provide solid mag-
nitude measurements for our galaxies, as we will show in Sect. 4.4. We note that we are assuming
that the error in the flux and magnitudes introduced with this procedure is negligible. Introducing a
term that accounts for this correction in Eq. 4.9 is not trivial. Some works, such as Logrofio Garcia
et al. (2023) recompute the values of Sg, ag, and bg,. We argue that the regions most affected
by this correction are the innermost part, and the homogenisation produces the same values of the
magnitudes in the outer parts of the galaxy, where this procedure does not have a great impact (See
Sect. 4.4). Inner regions are also the brightest parts of the galaxy, which imply a high ADU count.
In the limit ADU — inf, the first two terms of Eq. 4.9 become negligible and the error of the
measurement is dominated by the error in the ZP. We therefore decide to use this assumption to

simplify the calculus and reduce the computation time.

4.3.5 Regions definition and photometry calculation

The next step required to obtain the properties of the regions of galaxies, is the definition of the
regions themselves. The different approaches implemented in the code can be summarised in three

main types:

» Standard geometrical apertures and rings. Within this type we distinguish circular aper-

tures/rings and elliptical apertures/rings. The size of these apertures can be defined with

81f it was not the case, the assumption of no correlation allows for this simplification in the computation, since this

: : : : : 2 _ 42 2 2 _ 42 2
particular case of the two-dimensional Gaussian verifies that o7, , = 07, + 03, and 0g,, = 07, + 03,
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respect to different parameters, such as the R_.EFF, A_-WORLD, or the FWHM of the worst
PSF. The number of rings is also flexible. If the elliptical geometry is chosen, in order to
calculate the parameters of the ellipse, we first create an elliptical object mask, with semi-
major and semi-minor axes @ = 2 X A_ WORLD X PETRO_RADIUS and b = 2 X B_.WORLD X
PETRO_RADIUS, respectively, in order to limit the influence of external sources. Then, we
apply the routine from PyCASSO (de Amorim et al., 2017) in order to obtain better constrains
of the ellipses axes and orientation. We force the centre of the ellipse to be located in the

central pixel.

* The BatMAN binning by Casado et al. (2017). This approach uses Bayesian statistics based
on the premise that pixels belonging to a same physical region should have a similar S/N, as
well as being adjacent. In very few words, the algorithm takes a pixel, joins it to an adjacent
one, and checks whether the Bayesian probability of belonging to a same region is larger or
lower than the probability of belonging to different regions. If the posterior probability is
larger, then it joins the pixels and keeps repeating the process. This code requires a signal
image and a noise image, which can actually be data cubes, this is, the segmentation can be

performed taking into account several filters at the same time.

* The Voronoi binning method by Cappellari and Copin (2003). This algorithm’s approach is
to provide a set of regions where the S/N ratio is equal or higher that a desired target value.
Simplifying, it starts with a pixel (usually the central one) and checks its S/N. If its larger
than the target S/N, it moves to another pixel. If that is not the case, it joins an adjacent pixel,
checks the S/N and restarts the process. This code also takes a signal image along a noise

image, but not a cube.

In this chapter, we try to reproduce the available photometries in the miniJPAS catalogues for
the selected galaxies as a sanity check. We shall focus on two types of apertures according to their
geometry: elliptical and circular. Concerning the elliptical phtometries, we shall use MAG_AUTO
and MAG_PETRO for our tests. These photometries try to estimate the complete (~ 90%) flux of
the galaxy, and provide the flux contained inside a Kron-like and Petrosian-like aperture’.

To calculate the circular photometries, we use the sky coordinates of the miniJPAS catalogue
to define the centre. We use the SkyCircularAperture'? function from the photutils
library. We then define apertures of 0.8”,1.0”,1.2",1.5”,2.0”,3.0”,4.0”, and 6.0” of diameter.

In order to reproduce the MAG_AUTO and MAG_PETRO magnitudes, we first need to deter-
mine the same aperture that was used by SExtractor to compute them. We use the non PSF-
homogenised images since, according to Bonoli et al. (2021), the images were not homogenised

for these photometries. From the SExt ractor manual, we know that the Kron radius is given

For more information, see the SExtractor user guide https://sextractor.readthedocs.io/en/
latest/Photom.html

Ohttps://photutils.readthedocs.io/en/stable/api/photutils.aperture.
SkyEllipticalAperture.html
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as k X Tgron. The maximum of the k& parameter is set by the PHOT_AUTOPARAMS input of
SExtractor. In Table C.1 from Bonoli et al. (2021), we find that this maximum was set to
2.5. Additionally, the description of KRON_RADIUS from the CEFCA catalogues tells us that this
parameter is given as a factor of A_ WORLD and B_WORLD units. Therefore, in order to reproduce
this photometry, we apply Egs. 4.2 and 4.25 into an elliptical aperture of semi-major and semi-

Minor axes aron and b ,ron, calculated as
AKron = N X KRON_RADIUS X A_WORLD, (4.18)

biron = M X KRON_RADIUS X B_WORLD, (4.19)

where n € [1,2.5]. We proceed similarly to retrieve the MAG_PETRO photometry. The ellipse is
also given by k X rpe.o Where, according to Table C.1 from Bonoli et al. (2021), the maximum
value of k is 2. The semi-major and semi-minor axes, @ pet, and bpes.o, Of the aperture calculated
are as

Apetro = M X PETRO_RADIUS X A_WORLD, (4.20)

bpetro = M X PETRO_RADIUS X B_WORLD, 4.21)

where m € [1,2]. In order to apply these apertures on the scientific images, we use the sky
coordinates of the galaxy and the SkyE1lipticalAperture!! function from the photutils
library. We note here that, to define the aperture, we also use the THETA_J2000 parameter from

SExtractor, which is the angular position of the ellipse in sky coordinates!?.

In order to obtain the n and m factors, we follow an iterative approach, defining apertures of
different sizes by changing the n and m value of Egs. 4.18-4.21, in the interval [1, 2.5] and [1, 2],
respectively, with steps of 0.1. For each aperture, we measure the median difference in the errors
provided in the catalogue and the ones obtained with our code, without using the error in the ZP,
since it is not included in the error budget of the catalogues. We choose as the optimal aperture
the one that provides the minimum absolute value of the median error difference. This way, we are
using the errors of the magnitudes as a parameter to determine the size of the aperture, given the

relation of the error with the number of pixels in the aperture (see Eq. 4.25).

For the purpose of obtaining better results for MAG_AUTO and MAG_PETRO, we also perform
a local background estimation. We define an elliptical annulus, in a similar way to the apertures,
but using the SkyEllipticalAnnulus function instead. We select as inner radii a;y, = 4 X
KRON_RADIUS X A_WORLD, and we choose a,,t = 4.5 X KRON_RADIUS X A_WORLD as outer
radii. We obtain the average contribution of the background by summing the ADUs contained

within these annuli, and we divide this counts by the number of unmasked pixels in the annulus,

nttps://photutils.readthedocs.io/en/stable/api/photutils.aperture.
SkyEllipticalAperture.html

2Since SkyEllipticalAperture takes as origin of coordinates the vertical axis, and SExt ractor the hor-
izontal one (both counterclokwise) we actually use THETA_J2000 - 90°
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this is:
ZieB ADU,

AD Uback =
ground )
NPIXbackground - NPIXmask,background

(4.22)

where B accounts for the unmasked pixels in the annulus defined to estimate the background,
N PI Xpackground 18 the total number of pixels within the annulus, and N PI.X . background 15 the
number of masked pixels within the annulus.

We also need to account for the flux of the masked pixels within the aperture. For such pur-
pose, we follow a similar approach as in the case of the background, by calculating the average

(unmasked) counts in the region after extracting the background:

- o ADU;
ADU = Luics
NPIX — NPIXmask,aperture

— AD Ubackgroundy (423)

where S accounts for the unmasked pixels in the region, N PI X is the total number of pixels within
the aperture, and N P X a5k aperture 18 the number of masked pixels within the aperture. Therefore,

the final counts used for the calculation of the AB magintudes are

ADU = Z ADU'L + ADU X NP[Xmask,aperture (424)

€S

This value of ADU is the one introduced in Eq. 4.2 to obtain the AB magnitudes. We calculate
the error assuming Gaussian propagation of errors and the same terms used to obtain Eq. 4.9

2. 1 S2 N (ags + bion/Now) /1010 2
o = 2D 4 DA (a5 + brr/ Noix) (o (07p)? (4.25)
10\ JADU|G ADU? 25

We note that we do not use this corrections from background and mask when using the circular
apertures in the general case, since this apertures are very small and in the central regions. There-
fore, they should not be affected by nearby objects, and the innermost region of the galaxy should

be bright enough so that the contribution of the background contribution is negligible.

4.4 Results

In this section we illustrate the processes of the methodology using the galaxy 2470-10239 as a test
case, and compare our measurements of the magnitudes with those obtained with SExtractor
provided in the catalogue. Our aim is to prove that we obtain reliable measurements of the magni-
tudes with our methodology, which are required to obtain results concerning the properties of the

galaxies (see Chapters 5 and 6 for more details).

4.4.1 2470-10239 example

In this section, we show in greater detail how Py2DJPAS works by analysing in greater detail

the galaxy 2470-10239. We choose this galaxy since it is the largest one in apparent size in the
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Original image rms = 1, npix = 100
. W

»

rms = 5, npix = 100 rms = 5, npix = 30

Fig. 4.4 Example of different nearby sources and deblended sources masks obtained for the galaxy
2470 — 10239, using different values of the threshold and pixel parameters. From left to right:
original image, rms = 1, npix = 100, rms = 5, npix = 100, rms = 5, npix = 30

miniJPAS field. We explain the process applied this galaxy in three blocks: the masking process,
the effects of the PSF homogenisation, and the comparison of the magnitudes with the data from

the miniJPAS catalogue.

4.4.1.1 Masking

We start by showing the masking process of the images. In our method, the sources masks depend
on two parameters. The first one, npix, determines the minimum number of pixels for a detection
to be considered as a source. The second one, rms, establishes the threshold level to be considered
a detection. We set this threshold parameter as a function of the error background noise for one
pixel, this is threshold = rms x Sg; (ag + bgy). In Fig. 4.4 we show different masks obtained

varying these two parameters.

As we can see from the figure, setting a value too low for threshold results in the false detection
from pixels of the background as sources. Setting a higher value of the minimum number of pixels
does not really solve this issue, since they end up associated to other nearby sources. Setting this
threshold too high would mean that dimmer sources would not be classified as such. Therefore,
they would not be masked. In our test case, we find that rms = 5 provides a nice detection of the
nearby sources. However, using a value to high of the minimum number of pixels results in some
smaller unmasked sources. Finding a good compromise in both values in order to obtain a proper
mask is not an easy task, particularly if analysing several galaxies at the same time, and the optimal
set of values might depend on the requirements or preferences of the scientific case. However, our
aim is to automatise the whole process of analysis. After several close inspections and tests with
different values, we find that the set of values rms = 5, npix = 30 using the rspggs image as
reference provides a solid masking for this particular case, as well as for the other galaxies. These
are the values that we will use throughout this work, but we shall revise them in the future J-PAS

data release.
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Fig. 4.5 Summary of the image treatment process. Left panel shows the rspgs image of the galaxy
2470 — 10239 with no treatment. Middle panel shows the rspgg image after PSF homogenisation.
Last panel shows the final image, after PSF homogenisation and applying the sources mask. The
colour scale indicates the flux in ADUs.

4.4.1.2 PSF homogenisation

We now show the effect of the PSF homogenisation in our data. Fig. 4.5 shows the whole process
of the image treatment for the rgpgs image. The effect of the homogenisation in the image is quite
clear. The image becomes blurrier, the background and shapes of the sources become smoother
and the smallest sources become more extended. The effect of the PSF in the morphology has in
fact been studied (see e.g. Paulin-Henriksson et al., 2008; Lewis, 2009; Voigt and Bridle, 2010).
Nonetheless, we are interested in the magnitudes measurements, and the possible effect in the
morphology will be taken into account when recalculating the ellipse parameters. We also note
that the nearby sources are still correctly masked after homogenisation, serving as a second proof

of concept of our method.

In order to study the effect of the homogenisation on the photometry, we compare the J-spectra
retrieved at different apertures and annulus (using the same tools as described in Sect. 4.3.5) for the
galaxy both before and after PSF homogenisation in Fig. 4.6. The first panel shows the J-spectra
of the innermost region. The non-homogenised J-spectra shows variations in the bands that are
not associated with absorption or molecular bands, and are not physical. These variations either
disappear or become much smoother after the PSF homogenisation, at the cost of loosing some
flux in several bands. Since the mass-to-light relation of the models is fixed by construction (see
e.g. Conroy, 2013), this flux loss could lead to a lower value of the stellar mass of the region.
However, the homogenisation also affects the colour of the galaxy: red bands are, in general, more
affected by the homogenisation than blue bands. Many works have pointed out that working with
images where the differences in the PSF has not been taken into account lead to the introduction
of undesired colour biases (see e.g. Cypriano et al., 2010; Gonzalez-Perez et al., 2011; Er et al.,
2018; Liao and Cooper, 2023). Our SED-fitting is heavily dependent on the colour the galaxy,
and the non-physical fluctuations of the J-spectra could lead to incorrect results or poorer stellar
population fitting. Thus, it is better for our analysis to use the homogenised J-spectra, despite the

possible mass loss. In fact, the relation of the mass-to-light ratio and the galaxy colour is well
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Fig. 4.6 Flux comparison of the J-spectra of different regions of the galaxy 2470 — 10239 before
and after applying the PSF homogenisation for different apertures.

known and it has also been used to derive stellar masses (see e.g. Tinsley, 1981; Bell and de Jong,
2001; Bell et al., 2003; Gallazzi and Bell, 2009; Garcia-Benito et al., 2017; Lopez-Sanjuan et al.,
2019a). Therefore, an incorrect galaxy colour would also lead to and incorrect mass-to-light ratio,

leading to a incorrect estimation of the mass anyway.

Another effect that can be appreciated in Fig. 4.6 is that the differences among the homogenised
and not-homogenised J-spectra become lesser as the distance to the galactic centre increases. This
can be expected, since the homogenisation spreads the light of the filter. Brightest regions will
loose more flux in comparison to dimmer regions, since these dimmer regions “recover’” flux from
other close regions with a similar brightness. Due to the usual Sersic profile of the brightness
(Sérsic, 1963; Sersic, 1968), the innermost parts of the galaxy are noticeably brighter and the
“recovered” flux from other regions is not enough to account for the lost flux. We can actually see
this effect in the second panel. This close region to centre shows an slightly brighter J-spectra after

homogenisation, due to the spread light from the centre. In consequence, we can expect flatter
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Photometry median Am median Am median Am
(no correction) | (mask correction) | (mask and background correction)

MAG_AUTO —0.019 —0.03 0.02

MAG_PETRO 0.01 0.01 0.01
MAG_APER_0_8 0.016 0.016 0.017
MAG_APER_1_0 0.005 0.005 0.006
MAG_APER_1_.2 —0.009 —0.009 —0.008
MAG_APER_1_5 0.002 0.002 0.003
MAG_APER_2_0 —0.001 —0.001 0.0001
MAG_APER_3_0 —0.001 —0.001 —0.0002
MAG_APER_ 4.0 | —88x 1076 —8.8x 1076 0.001
MAG_APER_6_0 —0.0009 —0.0009 0.0013

Table 4.1 Median difference of the magnitudes obtained with Py2DJPAS and SExtractorfor
the elliptical and circular photometries available in the miniJPAS catalogues. The values are ex-
pressed as Am = Mpyopgpas — MsExtractor:

radial profiles of the properties of the galaxies after homogenisation.

Lastly, this Figure also illustrates our initial assumption regarding the errors introduced by the
PSF homogenisation. The homogenisation is only important in the innermost regions, where the
error is dominated by the error of the zero point (see Egs. 4.9 and 4.25). On the other hand, outer
(dimmer) regions are barely affected by the homogenisation, and we can assume that the error

introduced is negligible.

4.4.1.3 Magnitudes comparison

We end our test case of the galaxy 2470-10239 by reproducing the magnitudes obtained using
SExtractor. For these comparisons, we will not use the PSF homogenisation process since, as
specified in Bonoli et al. (2021), these values of the catalogue are obtained with no homogenisation.

Different tests are performed, which can be divided as follows:

* Elliptical aperture photometry. We start by comparing our results with those obtained
by SExtractor for MAG_.AUTO and MAG_PETRO (see Fig. 4.7.). We find that, for this
galaxy in particular, the background estimation is not really necessary, since we are able to
reproduce the data very solidly both for MAG_AUTO and MAG_PETRO. The correction of the
masked pixel is negligible in both photometries. This is most likely due to the low percent-
age of masked pixels, and to the brightness of the galaxy, since bright, central pixels already
dominate the flux contribution to the aperture. Concerning the effect of the background cor-
rection, we find that, except for two of the bluest bands, the difference of the calculated mag-
nitudes and the magnitudes of the catalogue becomes lower for MAG_AUTO, but it increases
for MAG_PETRO. In fact, for MAG_PETRO the reconstruction is almost perfect without back-
ground subtraction, and the difference becomes close to ~ 0.1 mag after subtraction. We

note that our estimation of the background is a rough approximation, and that it can be sen-
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Fig. 4.7 Comparison of the elliptical photometries available in the catalogue and the values re-
trieved with Py2DJPAS for the galaxy 2470-10239. Green points show the values obtained with
no image treatment and without correcting for masked pixels. Blue points represent the values
obtained when we account for the masked pixels, but no background subtraction is used. The red
points represent the values of the photometry obtained when accounting for the background and the
masked pixels. The black solid line shows the identity relation. Left panels show the 1:1 relation.
Middle panel show the difference among our calculations and the catalogue values. Right panels
show the S/N image with the aperture used for each calculation. Top row represents the comparison
for MAG_AUTO. Bottom row represents the comparison for MAG_PETRO.
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Fig. 4.8 Same as Fig. 4.7, but for the galaxy 2241-7608.

sitive to many factors. We also note that our estimation is not necessarily the same as the
one performed by SExt ractor. Nonetheless, we are able to reproduce the values of the
catalogues with a difference well below ~ 0.1 mag for most magnitudes both for MAG_AUTO
(after background subtraction) and for MAG_PETRO (without background subtraction). This
differences mean a relative error below 10 %. We find that bluer, dimmer bands are the ones

showing the largest offsets.

Impact of the background subtraction. Seeing these results, one might question the need
to correct for background contribution. In Fig. 4.8 we show the same plot as in the previous
figure, but for the galaxy 2241-7608. In this case, we find that the differences among the
calculated values and the values from the catalogue are quite significant when the background
is not taken into account, reaching offsets larger than 1 mag. However, the background
subtraction greatly improves the comparison for both MAG_AUTO and MAG_PETRO. The main
difference among both galaxies is the S/N reached close to the limit of the aperture: while in
the case of 2470-10239, many of the pixels in the rspgg managed to reach an individual S/N
close or larger than 3, this is not the case for 2241-7608, where the aperture contains many
pixels with very low S/N, which might actually be part of the background. After inspecting
the galaxies one by one, we find a similar trend: galaxies whose apertures contain mostly
pixels with high S/N ratio do not require a background correction to obtain the values of
the catalogue, while galaxies with a significant fraction of pixels with low S/N require to be
corrected from background. This can be expected, since the contribution of the background
to pixels with high S/N (usually bright pixels) is most likely negligible, while pixels with

lower S/N (usually dimmer pixels) are more affected by the background correction.
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Fig. 4.9 Comparison of the circular photometries available in the catalogue and the values retrieved
with Py2DJPASfor the galaxy 2470-10239. The red points represent the values of the photometry.

The black solid line shows the identity relation.
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e Circular aperture photometry. For the circular photometries, we use the MAG_APER
values provided in the catalogues.  This photometries are obtained using circu-
lar apertures on the untreated ADU images. The diameters of this apertures are
0.8”,1.07,1.2",1.5”,2.0”,3.0",4.0”,6.0". The comparison can be seen in Figure 4.9.
For these photometries, the agreement is even better, with a median difference generally
lower than 0.01 magnitudes (see Table 4.1). We also find, as suggested before, that there
is no significant difference when using background estimation or accounting for the mask.
This is most likely due to the small size of these apertures, centered in the brightest part of
the galaxy. We therefore expect no nearby sources that need to be masked, and a negligible
contribution from the background to these pixels. From this inspection, we can conclude
that the background correction is important and it should be applied to galaxies (see next
subsection to see the results for the complete selected sample). However, a good estimation
of the background is highly non trivial and it might be advisable to be performed galaxy per
galaxy. Nonetheless, we will discuss the automatising from an statistical point of view in

the next subsection.

4.4.2 Application to the miniJPAS sample

After performing these tests and successfully retrieving the photometry of the catalogues, we pro-
ceed to apply our methodology to the selected spatially resolved galaxies from miniJPAS (see
Sect 4.2.1 for the details of the selection).

We fist compare the results obtained for MAG_AUTO (see Fig. 4.10). For this figure, we have
used the background and masked pixels correction. We find a very tight relation around the 1:1
line, with most points lying perfectly in this relation. There are a few scattered points that show
a larger offset. After individual inspection, we have found that these points correspond to very
few, dimmer galaxies where a brighter source has not been perfectly masked or the background
subtraction needs to be improved. Regarding the offsets by brightness, we find that the largest ones
are found at magnitudes dimmer than 18 mag. However, the density of points is very low, and
those points correspond only to very few galaxies. Additionally, the median difference is close to 0
and shows no significant bias. When studied by wavelength, we find that none of the filters shows
a significant amount of larger offsets than the others and that the median difference remains close
to O for all the filters. In both cases, the vast majority of points is contained in the [—0.1,0.1] mag
range, which is a relative error below 10%. The median values are all very close to 0. This graph
shows that, even though some values show some larger offsets (of up to ~ 0.3 mag), from an
statistical point of view our reconstruction is solid.

We also show the comparison of the errors inf Fig. 4.11. Even though the size of the aperture
was fitted through the errors, we still include this graph as a sanity check, to verify that the errors
obtained are compatible with the ones in the catalogues, and that there is no catastrophic failure

during the iterative process, which means that the equation used to calculate the errors is actually
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Fig. 4.10 Comparison of the MAG_AUTO photometry of the catalogue and the one obtained with
our methodology. Left panel shows the 1:1 relation. Upper right panel shows the difference of
the magnitudes (SExtractor- Py2DJPAS) for each filter for each galaxy as a function of the
magnitude of the band. Bottom right panel shows the difference for each filter for each galaxy as a
function of the pivot wavelength of the filter. Colour scale represents the density of points. Black
points represent the median value in each brightness bin and wavelength bin.
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Fig. 4.11 Comparison of the error of the MAG_AUTO photometry of the catalogue and the one
obtained with our methodology. Left panel shows the 1:1 relation. Upper right panel shows the
difference of the magnitudes (SExtractor- Py2DJPAS) for each filter for each galaxy as a
function of the magnitude of the band. Bottom right panel shows the difference for each filter for
each galaxy as a function of the pivot wavelength of the filter. Colour scale represents the density
of points. Black points represent the median value in each brightness bin and wavelength bin.
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Fig. 4.12 Comparison of the MAG_PETRO photometry of the catalogue and the one obtained with
our methodology. Left panel shows the 1:1 relation. Upper right panel shows the difference of
the magnitudes (SExtractor- Py2DJPAS) for each filter for each galaxy as a function of the
magnitude of the band. Bottom right panel shows the difference for each filter for each galaxy as a
function of the pivot wavelength of the filter. Colour scale represents the density of points. Black
points represent the median value in each brightness bin and wavelength bin.

capable of reproducing them. We find that the most of the points are close to the identity relation,
and that there is no significant bias in the median of the difference of the errors, with brightness
or wavelength. Most of the values of the differences are below 0.1 mag. The largest values of
the difference in the errors are found in magnitudes dimmer than 19, and in some of the blue
filters. These differences are likely caused by objects that are not perfectly masked, the different
approach when accounting for the masked pixels, or because we are not using the weight images
here. Nonetheless, the differences are small and the agreement in the magnitudes is very good.

The comparison of the MAG_PETRO photometry yields similar results (see Fig. 4.12). We find
a larger dispersion than in the case of MAG_AUTO and a worse agreement in the results. Most of the
points are still in the [—0.1, 0.1] mag range (relative error below 10%), but we find a higher density
of points than before in ranges with larger differences. There are more noticeable outliers which can
be expected, since the apertures are larger. Therefore it is more likely to include improperly masked
sources, there are a greater number dimmer pixels, which are more sensible to the background
correction. In fact, the galaxy with the largest systematic deviation from the identity relation (line
of points with MAG_PETRO between ~ 16 and ~ 18) is a single galaxy with a very large aperture,
which contains some unmasked sources and many background pixels. Regarding the dependence
on the brightness and wavelength, we also find that the median values are close to 0, without a
significant bias.

We also include the comparison of the errors for this magnitudes as an additional sanity check

(see Fig. 4.13). The result from this check is analogous to the comparison yield in the magnitudes:
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Fig. 4.13 Comparison of the error of the MAG_PETRO photometry of the catalogue and the one
obtained with our methodology. Left panel shows the 1:1 relation. Upper right panel shows the
difference of the errors of the magnitudes (SExtractor- Py2DJPAS) for each filter for each
galaxy as a function of the magnitude of the band. Bottom right panel shows the difference for each
filter for each galaxy as a function of the pivot wavelength of the filter. Colour scale represents the
density of points. Black points represent the median value in each brightness bin and wavelength
bin.

most values are close to the identity relation, although the dispersion is larger than in the case of
MAG_AUTO. The median value of the difference of the errors remains close to 0 both in brightness
bins and in each filter, with no significant bias. The largest values of the differences are found at
magnitudes dimmer than 18. Overall, the agreement of the MAG_AUTO magnitudes is better, but we
find that our methodology is also capable of measuring the MAG_PETRO magnitudes consistently

with SExtractor, considering the sources of errors introduced by a larger aperture.

We finish by showing the comparison with the circular photometries (see Figs. 4.14 and 4.15).
We find an even better agreement than before, and the relation becomes tighter as the aperture
increases. This is actually a good result for us, since larger apertures contain more pixels and are
more representative test of the calculations (smaller apertures are mainly dominated by the ZP).
Nonetheless, all the points are concentrated in a relation very close to the 1:1 target relation. We
also find that the errors of the magnitudes are recovered with great accuracy, for a large interval
of values (~ [0.04,2] mag). This is also a good proof of concept, since the sizes of the aper-
tures are unambiguously defined, which guarantees that the integrated region is the same using
SExtractor and Py2DJPAS.
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4.5 Discussion

In this chapter we have proven that we are able to accurately reproduce the values of the photometry
given in the miniJPAS catalogues. We are aware that this is not a sufficient condition for our final
purpose, which is to obtain the properties of the spatially resolved galaxies in miniJPAS. However,
it is a necessary condition, and we have proven that this first requirement is properly fulfilled.

We find that some of the values show large offsets. However, when inspecting every individual
galaxy, we find justification for these values. These offset are mostly due to the masks of bright
sources or to the local background, which could be estimated using a different aperture for each
galaxy. Of course, a dedicated mask and background estimation for each galaxy would provide
better results, since it could account for the particularities of each case. However, this will not be
feasible once the data from J-PAS arrives. We expect J-PAS data to contain thousands of spatially
resolved galaxies, thus our aim to automatise the process in preparation for this data. The automa-
tising allows to work with larger data samples, at the expense of a worse performance in some
particular cases. However, from an statistical point of view, these cases will have a lower weight if
the method works well for the vast majority of cases. We find that this is the case of our method,
where we accurately reproduce the values of the catalogue of miniJPAS, which are the publicly
available reference values.

We finish noting that we have used big, elliptical apertures and circular apertures for this chap-
ter. These will not be the geometries used in the next chapters. However, that is the only difference,

and the rest of the calculation is the same, so the validity of the results should remain the same.

4.6 Summary and conclusions

In this chapter we have described and tested Py2DJPAS, our tool to automatise the analysis of
the spatially resolved galaxies of miniJPAS, in preparation for the future J-PAS releases. We have

described and tested our methodology, which can be sumarised in:
* Download of scientific images and tables.
* Masking of the nearby sources to avoid biases and contamination.

* PSF homogenisation, assuming gaussian models, to provide equivalent apertures thought all
the filters.

* Magnitudes and flux calculations, using the equations found throughout the text.

We have tested the different steps of our methodology using the galaxy 2470-10239, the largest
galaxy in the miniJPAS sample. We find that our methodology provides solid masks using the
values rms = 5, npix = 30. The PSF homogenisation greatly improves the photometry of the
inner regions, eliminating non-physical structures that appear in the J-spectra. We have been able

to accurately reproduce the values of the magnitudes in the MAG_AUTO, MAG_PETRO, and circular
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photometries of the publicly available miniJPAS catalogue for the sample of spatially resolved
galaxies in miniJPAS. We argue that our solid photometry measurements is the first step towards
our final goal of studying the properties of this sample of galaxies, which will be done in the next
chapters.
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CHAPTER 5

The case of the galaxy 2470-10239

5.1 Introduction

There is one galaxy in common in the miniJPAS sample and the MaNGA survey (Bundy et al.,
2015): the galaxy 2470-10239 (ov = 14 h 15 min 20.37 s; § = 52° 20’ 45.19”). This is a bright
(rspss = 14.62), massive (M, = 101151 M), red, elliptical galaxy. The redshift of this galaxy is
z = 0.074. We choose this galaxy because its the largest galaxy in angular size in miniJPAS. This
way, we can provide the best possible spatially resolved analysis (until the arrival of J-PAS data) as
well as using different segmentation approaches to test our tool. In addition, we can use available
data from the MaNGA survey for these galaxy in order to show a comparison of the performance
of our code applied to the miniJPAS data with the results obtained using the MaNGA data, in a
similar way to the example shown in Bonoli et al. (2021).

We include this short chapter focused on this galaxy in order to provide a deeper insight in
a “best-case” scenario for the miniJPAS data. However, we expect to have data from numerous
galaxies which are even more suitable for spatially resolved studies in the upcoming data releases
from J-PAS. Therefore, this chapter also aims at providing an example of the science that is to

come in a near future.

5.2 Data

The data used in this chapter comes from two different surveys. First, we will use the photometric
data from the miniJPAS survey. The nature of this data has been summarised in Chapter 2 and
further information can be found in the work by Bonoli et al. (2021). We also use the spectroscopic
data of this galaxy from the MaNGA survey. Particularly, this galaxy is part of the SDSS DR14
(Abolfathi et al., 2018).

In order to show the quality of the miniJPAS data for this galaxy, we show the spatial resolution
achievable for this galaxy, using the FWHM of the worst PSF in all the filters as a minimum
size, and how the S/N ratio varies with the galacto-centric distance (see Fig. 5.1). We use the
R_EFF provided by SExtractor as the normalisation radius. We find that the S/N decreases
with distance. It should be expected, since the brightness of the galaxy is expected to follow a Sérsic
profile (Sérsic, 1963; Sersic, 1968). We note that the S/N ratio is limited by the error of the ZP
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Fig. 5.1 Elliptical apertures and radial variation of the S/N ratio for the galaxy 2470-10239. Left
panel: Elliptical rings used to obtain the radial profiles of the stellar population properties of the
galaxy, over an image of the rgpgs band. Right panel: Median S/N ratio of all the filters as a
function of the distance to the centre of the galaxy.

which, as argued in Chapter 4, is the dominant factor of the error for the brightest regions. Taking
into account that for this data release the error of the ZP was conservatively set as ozp = 0.04
for all the filters, the maximum S/N achievable is S/N ~ 27, which is close to the S/N reached
in inner regions. This plot also shows that miniJPAS allows us to achieve a median S/N ratio of
10 at distances larger than 3 R_EFF, allowing us to derive the properties of the galaxy up to large

distances from the centre.

5.3 Methodology

For this chapter, we will mainly use our tool, Py2DJPAS, to obtain the photometry of the different
regions of the galaxy. In order to derive the stellar population properties of these regions, we
use BaySeAGal (de Amorim et al. in preparation, see Sect. 3.1.1 for a summary, and see also
Gonzélez Delgado et al., 2021). We shall also use the ANN from Martinez-Solaeche et al. (2021)
to estimate the Ha emission (see Sect. 3.2 for a summary).

Concerning the data from MaNGA, we use the PyCASSO code (de Amorim et al., 2017) for the
analysis. This code deals with most of the required steps for the analysis, including the calculation
of the parameters of the ellipse that better fits the light distribution of the galaxy, the binning of the
flux from the the spaxels in the desired regions, and the retrieval of the stellar population properties
of the regions using STARLIGHT (Cid Fernandes et al., 2005).

Throughout this chapter, we use the following methods in order to obtain the different regions
of the galaxy:

* Elliptical rings with steps of 0.5 HLR and 0.25 HLR. The HLR and ellipse parameters of

these regions were calculated using PyCASSO. In order to make sure that the apertures used
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Fig. 5.2 Segmentation maps obtained with the Voronoi (left panel) and BatMAN binning (right
panel) methods for the galaxy 2470-10239. Each colour represents a region.

with Py2DJPAS and miniJPAS data are equivalent to these ones, we used elliptical apertures
of the same angular aperture, where HLR = 9.127” and the same elliptical parameters. These

apertures will be used in order to compare the fluxes obtained with both methods.

* Elliptical rings using the maximum resolution allowed by the size of the FWHM of the worst
PSF. The parameters of the ellipse are derived using the script included in PyCASSO, using
the rspgs as reference. We will only use regions with median S/N ratio above five for the

filters with Aot < 5000 (see Chapter 6 for the discussion of this decision).

* The BatMAN binning by Casado et al. (2017). We choose to only use the rspgg flux image
and its pixel error image as inputs. We restrict the code to find regions in an elliptical aperture
with semi-axes a = 2.5 x PETRO_RADIUS X A_WORLD, b = 2.5 x PETRO_RADIUS X
B_WORLD.

* The Voronoi binning method by Cappellari and Copin (2003). We use as input the ul-
PAS band image and a target S/N ratio of 5. We restrict the code to find regions in an
elliptical aperture with semi-axes a = 2.5 X PETRO_RADIUS X A_WORLD, b = 2.5 X
PETRO_RADIUS X B_.WORLD.

We use the PSF homogenised images for all the analysis, except for the comparison of the
magnitudes with miniJPAS data and MaNGA data. For this comparison, we also shift the MaNGA
data so that all the spectra are into the observed frame.

The segmentation maps obtained with the Bat MAN and Voronoi binning methods can be seen
in Fig. 5.2. For the BatMAN binning we find that regions follow a pseudo-elliptical rings shape,
which could be expected given the distribution of the S/N with the galactocentric distance. On

the other hand, the regions obtained with the Voronoi binning are likely not physical and their
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Fig. 5.3 Comparison of the spectra obtained for the galaxy 2470-10239 with MaNGA data and
miniJPASdata. The grey lines represent the spectra obtained from MaNGA data. Colour dots
represent the J-spectra obtained from miniJPASdata. Left panel shows the spectra for an elliptical
aperture of 0.5 HLR. Middle panel shows the spectra for an elliptical aperture of 0.25 HLR. Right
panel shows the spectral of an elliptical annulus of with an inner radius of 0.25 HLR and an outer
radius of 0.5 HLR.

distribution does not seem natural. These different maps manifest the approach of each method:
the BatMAN binning aims at obtaining physical regions based on the S/N, which in this particular
case leads to pseudo-elliptical regions. On the other hand, the Voronoi approach is closer to a purely
mathematical method, aiming at reaching a minimum target S/N ratio, regardless of the underlying
physics of the regions. After numerous attempts and tries, the parameters chosen were the ones
who gave the best compromise between binning regions and providing a considerable amount of
regions. For example, when using the rgpggs as input for the Voronoi binning, most of the pixels
were not binned since they already had the required S/N ratio. This is not a desired behaviour, since
we know that bluer filters have a lower S/N and therefore performing a pixel by pixel fit would not
make sense, because it would be computationally expensive and the results would not be reliable.
When using other filters with lower S/N, the binning obtained is similar to the results shown here.
Nonetheless, despite our efforts, the regions provided with this choice are not ideal either, since it

provides mostly angular sector-like regions, which seem rather unnatural.

5.4 Results

In order to fully show the capabilities of Py2DJPAS, we first compare the magnitudes obtained
with our tool for the miniJPAS data and the magnitudes obtained with PyCASSO for the MaNGA
data using equivalent apertures. We then perform a SED fitting of the regions obtained with three
different methods: the elliptical rings segmentation, in order to obtain the radial profiles of the
properties and compare them with the profiles obtained with PyCASSO and MaNGA, the BatMAN
binning by Casado et al. (2017) and the Voronoi binning method by Cappellari and Copin (2003).
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Fig. 5.4 Radial profiles of the stellar population properties of the galaxy 2470 — 10239. From left
to right, up to bottom: stellar mass density, mass-weigthed age, stellar metallicity, Ay extinction,
SFR instenisty and sSFR.

5.4.1 Flux comparison

We start comparing the magnitudes obtained with the MaNGA data and PyCASSO with the mag-
nitudes obtained with Py2DJPAS for the miniJPAS data for equivalent apertures (see Figure 5.3),
similarly to the result presented in Bonoli et al. (2021). We use three different extractions, an el-
liptical aperture of » < 0.5 HLR, an elliptical aperture of » < 0.25 HLR and an elliptical ring of
0.25 < r < 0.5 HLR. We can see that the extractions obtained using Py2DJPAS show a very good
agreement over all the spectral range with the spectroscopic data.

This result acts as a sanity check in several aspects. First, we find that Py2DJPAS is able to re-
trieve fluxes and magnitudes consistent not only with SExt ractor and the miniJPAS catalogues,
but also with other surveys and codes. Second, it also shows that these fluxes and magnitudes are
consistent not only for integrated values of the galaxy, but also for regions at different distances
from the galactic centre. Lastly, it also shows that the calibration is also consistent with other

surveys.

5.4.2 Radial profiles of the stellar population properties

We study the radial profiles of several stellar population properties of the galaxy regions. In order
to simplify the reading of the text, we specify now which are these properties and the units that we

use, and we will not explicitly include the units during the discussion of the results:

* The stellar surface mass density, /i, calculated as the total stellar mass of the region divided
by its projected area: pu, = M,/A. We measure i, in units of My X pc™2 and we will

generally use the logarithm of this value.
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* The mass-weighted stellar age, (log age) ,,, calculated as (logage),, = >, Xa; x logage;,
where X, is the fraction of mass contributed by the i-th stellar model, with stellar age
log age;, to the total stellar mass of the region, M,. We measure the age in yr and we calculate

the logarithm in this unit.

* The luminosity-weighted stellar age, (logage),, calculated as (logage),, = >, Xp; X
log age;, where X7, ; is the fraction of luminosity at 5635 A contributed by the i-th stellar
model, with stellar age log age;, to the total stellar mass of the region at said wavelength. We

measure the age in yr and we calculate the logarithm in this unit.
* The stellar metallicity, (log Z/Z), calculated as the mean metallicity from the models.

» The extinction Ay, using the attenuation law by Calzetti et al. (2000) which we added as a
foreground screen. This parameter is given in AB magnitudes.

* The intensity of the SFR, Yspg, calculated as the ratio of the SFR of the region divided by the
projected area of the region, Yspr = SFR/A. We calculate YR in units of M, x Gyr™! x

pc—2, and we generally refer to the logarithm of this value.

* The sSFR, calculated as the ratio of the SFR and the stellar mass of the region, sSFR =
SFR/M,. We calculate sSFR in units of Gyr~—', and we generally refer to the logarithm of
this value.

The radial profiles of these properties can be seen in Fig. 5.4. We obtain the following results:

* The stellar mass density shows a very similar profile to that found by Gonzalez Delgado
et al. (2014, 2015); Bluck et al. (2020) and Abdurro’uf et al. (2023), this is, the surface
mass density decreases as the distance to the centre increases. The profile found resembles
a Sérsic profile (Sérsic, 1963) or a de Vaucouleurs profile (de Vaucouleurs, 1948). Our
result is more similar to the profile found by Gonzalez Delgado et al. (2015) than those
found by Bluck et al. (2020) and Abdurro’uf et al. (2023). The values of the stellar mass
density go from log i1, ~ 3.5 at the innermost regions up to log i, ~ 1 at the outermost
regions. Values found for this type of galaxies by Gonzalez Delgado et al. (2014, 2015)
range from log i, ~ 4 at the innermost regions up to log i, ~ 2.5 at 3 R_EFF. At that
distance, we find a value of log i, ~ 1.5. We note that we are comparing a single galaxy
with the average found by Gonzalez Delgado et al. (2015). Also, results presented in that
work use a Salpeter IMF which, as also found on that work, on average provides an stellar
mass 0.27 dex larger than the Chabrier (2003) IMF used in our analysis. Therefore, we find
that the profiles are compatible, although we find an steeper decrease in log 1, for this galaxy.
If we compare the values of log y, that we obtain with those shown by Bluck et al. (2020)
for the quiescent galaxies, we find an almost prefect agreement (log 11, ~ 3.5 at the central

regions, log u, =~ 2.2 at 1.4 R_EFF). The surface mass density profiles found by Abdurro’uf
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et al. (2023) go from log i1, =~ 4 in central regions up log i, ~ 2 at 4 R_EFF. However, they

also find a dispersion in these values that is compatible with our results.

* The mass weighted age shows a very flat profile at < log age >,,~ 9.9. This result matches
perfectly the profile shown by Gonzélez Delgado et al. (2014). However, radial profiles
found in a later study by Gonzalez Delgado et al. (2015) for galaxies of similar mass are not
so flat and show slightly younger populations in the outer regions of the galaxy, although the
variation is lower than 0.2 dex and the ages found are also compatible with our results. We
also note that results from Gonzélez Delgado et al. (2014, 2015) actually correspond to light
weighted-ages, but we find no significant difference among the mass and light weighted ages
once the errorbars are taken into account. The works by San Roman et al. (2018); Bluck
et al. (2020); Parikh et al. (2021) and Abdurro’uf et al. (2023) also find flat age profiles.
Additionally, table 3 from San Roman et al. (2018) include several works who also find flat
age profiles for early-type galaxies, such as Davies et al. (1993); Mehlert et al. (2003); Wu
et al. (2005); Sanchez-Blazquez et al. (2006b); Reda et al. (2007); Rawle et al. (2008, 2010);
Wilkinson et al. (2015); Goddard et al. (2017) or Zheng et al. (2017).

* The stellar metallicity seems to decrease by ~ (0.2 dex from the centre up to 1 R_EFF. Then
it seems to slightly increase up to 1.5 R_EFF, flattening up to 3 R_EFF and then decreasing
notably up to 4 R_EFF. However, the uncertainties grow notably as the distance to the centre
increases. Taking them into account, the general profile is compatible with a constant one
where < logZ/Z. >~ —0.2 dex, although the tendency towards less metal rich values in
outer regions seems clear. Metallicity profiles found by Gonzélez Delgado et al. (2015) for
this type of galaxies are also rather flat, or slightly negative, but with values indicating that
this galaxies are generally more metal rich. The gradient found by San Roman et al. (2018)
is negative, as well as many works summarised in Table 3 from that work, which find even
steeper gradients (see e.g. Davies et al., 1993; Mehlert et al., 2003; Wu et al., 2005; Sanchez-
Blazquez et al., 2006b, 2007; Reda et al., 2007; Rawle et al., 2008, 2010; Wilkinson et al.,
2015).

* The extinction Ay shows a rather flat profile at Ay ~ 0.4 with no significant variation of the
properties within the errorbars, which generally increase towards the outer parts of the galaxy
(lower S/N). For this parameter, the agreement with the results from Gonzélez Delgado et al.
(2015) is not so good as in the previous cases. In that work, they find a steep decrease of
the extinction from the central regions up to ~ 0.5 R_EFF, where the profile becomes much
flatter. However, this flattening occurs at Ay = 0. On the other hand, profiles found by
San Roman et al. (2018) are also flat. Nonetheless, we note that we are comparing a single
galaxy with the averages for similar galaxies, so a similar behaviour should be found, but

discrepancies from the general case can be expected.

* The intensity of the SFR also decreases towards outer regions of the galaxy, from log Ygpr =
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Fig. 5.5 Comparison of the radial profiles of the stellar population porperties of the galaxy 2470—
10239 obtained with our methodology and with MaNGA data.

0 down to log Xspr = —1. Profiles found by Gonzélez Delgado et al. (2016) for this type
of galaxy decrease slightly up to 2 R_EFF and then increase slightly, over the same range
of values. Nonetheless, since the star formation of this galaxies is usually so low, values
themselves only really point that the region is quenched. In fact, all the galaxy remains
below the quenched limit set by Bluck et al. (2020).

* The sSFR shows values increasing from logsSFR ~ —3.5 up to logsSFR ~ —2. This
behaviour is very similar to the findings by Gonzdlez Delgado et al. (2016) and Abdurro’uf
et al. (2023). It could be a indicative of a inside-out quenching scenario, but the most relevant
detail is that the galaxy remains well bellow the log sSFR = —1 limit for quenched galaxies
proposed by Peng et al. (2010).

5.4.2.1 Comparison with MaNGA

The comparison of the mass density, mass and light weighted ages and the stellar metallicity ob-
tained with Py2DJPAS for the miniJPAS data and the results obtained with PyCASSO for the
MaNGA data can be seen in Fig. 5.5. We find that, even using different bins, codes, and data, the
mass density profiles fit perfectly. Even thought the stellar mass density is very related to the light
distribution of the galaxy due to the mass-to-light relation of the stellar models, this is still a very

good proof of the validity of our methodology.
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Fig. 5.6 Maps of the stellar population properties of the galaxy 2470-10239 obtained with
BatMAN. From left to right, up to bottom: stellar mass density, mass-weighted age, stellar metal-
licity, Ay extinction, SFR intensity and sSFR.

On the other hand, the age profiles obtained with our code appear to be flatter than the trend
that the data from MaNGA would suggest, which seem to show a negative gradient towards outer
parts of the galaxy. However, we note that the errorbars of the MaNGA data are not available,
but the points are still compatible with our results, given our own uncertainty intervals. The trend
in the metallicity is flat for both data, and the values are compatible within the errobars. We
note that metallicity is usually estimated more precisely in spectroscopy, due to the possibility to
use spectral indices. Another possible source of discrepancies is the use of different SED-fitting
codes: while STARLIGHT is a non-parametric code, BaySeAGal uses a parametric SFH. Despite
these differences in methodology and data, we have shown that, when taking into account the
uncertainty intervals, our methodology applied to miniJPAS data provides values of the stellar

population properties that are consistent with the results obtained using spectroscopy.

5.4.3 Stellar population maps

In this section, we show the 2D maps of the stellar population properties obtained using the
BatMAN and the Voronoi binnings. Again, we study stellar mass density, the mass-weighted age,
the stellar metallicity, the Ay, extinction, the SFR intensity and the sSFR.

The regions obtained with the BatMAN resemble elliptical annulus, with some irregularities.
We show the map of the spatially resolved stellar population properties in Fig. 5.6. The behaviour
we find is very similar to the one found in the elliptical ring segmentation. The last ring just consists
of all the external pixels and its most likely made out of background, so its values should not be

taken into account.
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The stellar mass surface density shows the smoothest map out of all the properties. The density
is clearly higher in the central regions and it decreases steeply towards the outer parts. The other
properties maps are not so smooth and the distribution looks more irregular. However, this is mostly
due to the almost flat profile of all these properties, as well as the larger noise. In this sense it is
also important to consider that Bat MAN provides regions of pixels with similar S/N. However, the
final S/N of the region is not necessarily high enough.

We find that the mass weighted age of the regions slightly fluctuates between the values <
logage >3/~ 9.9 and < logage >/~ 9.85, with one region slightly younger. This is compatible
with a flat profile within the uncertainty found. The behaviour of the metallicity is similar to the
age, showing values around < log Z/Z. >= 0, but in this case we do not find such steep decrease
in the outermost parts.

On the other hand, the extinction Ay seems to show a not so flat gradient in this map. Values in
the central regions are Ay &~ (.35, then increases up to Ay ~ 0.45 for some intermediate rings, and
then decreases down to Ay = 0.2. The differences with the radial profile actually are compatible
within the errobars, but there might be a metallicity-extinction degeneracy in the outer regions.

Concerning the SFR intensity, we find a clearer distribution. The intensity is notably larger
in central regions (log Yspr ~ 0.2) and decreases towards the outer regions down to log Ygpr ~
—0.7. Some fluctuations are found in intermediate parts, just like in other properties, but we asso-
ciate them to the uncertainty of the measurement over a range of values that merely indicate that
this regions show no significant star formation.

The sSFR maps shows a similar behaviour to the radial profile, where all the regions are well
below the quench limit, but it increases from inside-out, from log sSFR ~ —3 up to logsSFR ~
—1.75. In general, we find that these maps offer a two-dimensional representation of the radial
profiles show before, which could be expected due to the geometry of the regions.

The resulting stellar population properties maps from the Voronoi segmentation can be seen
in 5.7. These maps are hard to interpret, since the outer pixels are binned into angular-sector like
regions. These outer regions fluctuate within a range of values that is larger or smaller depending
on the property in question. We note that the Voronoi binning does not aim to provide physical
regions, but rather regions with a high enough S/N ratio. Therefore, the provided regions may be
a mix of different stellar populations, which is what likely cause this fluctuations of values in the
outer regions. Therefore, this might not be the best segmentation method for this type of galaxy.

The stellar mass density shows a smoother map again. Central regions show a larger mass
density (log 1, =~ 3.5) and outer regions show lower values of up to log x, =~ 1. Fluctuations in the
outer regions are not really significant, and values are more similar among them than for the other
properties. This is likely due to the fact that this parameter is the one that we retrieve with a larger
precision. This map is similar to the one found using BatMAN and is compatible with the radial
profile using elliptical rings.

The mass weighted stellar age shows very similar values over all the regions, similarly to the

BatMAN and elliptical ring results. Inner regions values are almost constant, while outer regions
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Fig. 5.7 Maps of the stellar population properties of the galaxy 2470-10239 obtained with Voronoi
binning. From left to right, up to bottom: stellar mass density, mass-weigthed age, stellar metallic-
ity, Ay extinction, SFR instenisty and sSFR.

show some fluctuations but are lower than 0.1 dex. Overall, the map is compatible with a constant
stellar age over all the regions.

The stellar metallicity shows an almost constant value of < logZ/Z, >= 0 in the inner re-
gions, but more important fluctuations are found in the outer regions, with values ranging from
< logZ/Zs >= 0.5 down to < logZ/Z. >~ —1. We associate this fluctuations to the lesser
precision in the estimation of this property, which is also seen in the radial profile derived using
the elliptical rings. Also, we note that the least metal rich region correspond to the oldest region
in the age map, which might be pointing to a degeneracy in the determination of the age and the
metallicity.

The extinction Ay shows a value of Ay ~ 0.5 in one of the central regions, but our result for
most of the inner regions is ~ 0.35. Once again, we find some striking fluctuations in the outer
regions, with values in the interval ~ [0.35,0.2]. If we look at the three regions with the lowest
extinction, we find that some of these values may actually be a consequence of an extinction-
metallicity-age degeneracy, as well as the aforementioned mix of different stellar populations.

The intensity of the SFR is notably higher in the innermost regions (log Yspr ~ 0), and we
newly find large fluctuations in the values of the outer regions, from log Yspg ~ 0 down to
log >srr ~ —1. Using the elliptical rings, we found a negative gradient in these property, but
it seemed flatter using the regions obtained with BatMAN. All the regions are below the quench
limit shown by Bluck et al. (2020).

The sSFR is notably lower in the inner regions (log sSSFR ~ —3) than in the outer regions (up to
log sSFR ~ —1.75). This means that the same gradient found with the elliptical rings and with the

BatMAN segmentation is reproduced, although the fluctuations of the values of the outer regions
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Fig. 5.8 Radial profile of the EW(Ha) of the galaxy 2470-10239.

appear again, like in other properties. All the regions are below the quench limit.

In summary, we find that the three segmentations provide compatible results. The elliptical
rings and BatMAN segmentation throw similar results given the geometry of the regions. On the
other hand, the Voronoi binning does not perform really well in the outer parts of the galaxy,
providing regions that resemble angular sectors and whose results seem to be affected by the un-
certainties and the mixture of different stellar populations, as well as the age-metallicity-extinction

degeneracy.

5.4.4 Emission-line information

We conclude the results of these chapter by showing the radial profile of the EW of the Ha emission
for this galaxy (see Fig. 5.8). We choose to only show this line since this galaxy has no strong
emission lines and Ha is the line predicted with a higher precision. Therefore, this is mainly an
illustrative example of the capabilities of the code.

The EW(Ha) predicted with the ANN also shows a flat profile around a low value,
log EW(Ha) = 0.2 [A], meaning that the galaxy shows no significant emission at any distance
of the centre. In fact, this values would belong to the retired region of the WHAN diagram (Cid
Fernandes et al., 2010, 2011).

5.5 Summary and concussions

In this chapter we have applied the complete routine of Py2DJPAS to the galaxy 2470-10239. We
have also applied the PyCASSO program to the data available from the MaNGA survey. We have
found that our tool accurately reproduces the photometry obtained with spectroscopic data using

equivalent apertures. Concerning the stellar population properties, we have used three different
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segmentations: elliptical rings using the maximum size allowed by the FWHM of the worst PSF,
the BatMAN binning by Casado et al. (2017) and the Voronoi binning by Cappellari and Copin

(2003). Our main results and conclusions can be summarised as:

* The whole workflow of Py2DJPAS provides values of the photometry not only consistent
with the miniJPAS data release, but also with other surveys (MaNGA).

* We find radial profiles of the stellar mass density, stellar age, stellar metallicity, extinction
Ay, intensity of the SFR, and the sSFR consistent with the literature: the stellar mass density
decreases steeply with the distance to the galactic centre; the age, metallicity and extinction
profiles are quite flat, the intensity of the SFR decreases with the distance to the centre and
the sSFR increases with galacto-centric distance. Both the intensity of the SFR and the sSFR
are below the quenched limits found in the literature.

* When compared to the results obtained with MaNGA data and PyCASSO, the stellar mass
density, the stellar age, and the stellar metallicity profiles are compatible within the uncer-
tainty intervals. The best agreement is found in the stellar mass density, while the age profile
might seem to show an steeper gradient with MaNGA data, but the values are still within the

errorbars of our tool.

* The BatMAN binning provides very similar results to the elliptical ring segmentation, but
offering a two-dimensional map of the properties instead of a one-dimensional profile. Slight
fluctuations are found in some properties as the distance to the centre increases, most likely
due to the uncertainty intervals over a small range of values, as well as a possible age-

metallicity-extinction degeneracy.

* The Voronoi binning provides regions hard to interpret in the outer parts of the galaxy. The
mass density profile and, to a lesser extent, the map of the intensity of SFR and the sSFR are
clearly compatible with the radial profile and the Bat MAN segmentation. On the other hand,
results of the stellar age and, more importantly, metallicity and extinction suffer from fluctu-
ations in the outer regions, most likely due to a mixture of stellar populations in the regions,
the aforementioned age-metallicity-extinction degeneracy and larger uncertainties. However,

the values of the central regions show a great accordance with the other segmentations.
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CHAPTER 6

Spatially resolved properties of the galaxies in miniJPAS

In this chapter we study the properties of the spatially resolved galaxies in miniJPAS, using our
tool Py2DJPAS. We select a total of 51 galaxies that are suitable for this purpose and classify
them by their spectral type (red or blue) and their environment (galaxies in groups or in the field),
in order to study the effect of the environment. We find that 15 galaxies are red in the field, 9 are red
in groups, 21 are blue in the field, and 6 are blue in groups. We use elliptical rings of the maximum
size allowed by the FWHM of the worst PSE, elliptical rings using steps of 0.7 R_EFF to study the
properties of the regions of the galaxies, and we use an inside out segmentation to study the SFH
of the galaxy. We find that the stellar population properties of galaxies, as well as the emission line
properties, are generally distributed in a clear way if we use a mass density—colour diagram. We
find that redder, denser regions are usually older, more metal rich, and show lower values of the
Ysrr and sSFR (they are more quiescent) than bluer, less dense regions. These regions also show
less intense emission lines. The radial profiles of the properties are compatible with the results
from other works, suggesting a inside—out formation scenario, along with the results from the SFH.
The profiles of red and blue galaxies are clearly different, but we find no significant effect of the

environment on them.

6.1 Introduction

The evolution of galaxies is driven by many factors. The total stellar mass is known to correlate
with other properties such as the stellar age and metallicity (Gallazzi et al., 2005; Peng et al., 2015)
or the SFR (Brinchmann et al., 2004; Noeske et al., 2007; Salim et al., 2007; Renzini and Peng,
2015). Processes related with the environment, such as ram-pressure stripping (Gunn and Gott,
1972), tidal stripping (Malumuth and Richstone, 1984), or harassment (Moore et al., 1996) can
also play a role in the evolution of galaxies. For example, the fraction of red galaxies is known to
correlate with the density of the environment (Balogh et al., 2004), and there exist a well-known
density—morphology relation (e.g. Cappellari et al., 2011; Muzzin et al., 2012; Fogarty et al., 2014).

However, recent studies show that the evolution of galaxies is mainly driven by local processes
(see Sanchez, 2020; Sanchez et al., 2021, for a review). Also, similarly to the integrated case, there
is a bimodality in many properties of galaxy regions (Zibetti et al., 2017), and the stellar mass acts
both as a local and a global driver of the evolution of galaxies (Zibetti and Gallazzi, 2022). Mass
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density has also been proved to be a very important (see e.g. Kauffmann et al., 2003b,c, 2006),
although its relevance also depends on the structure of the galaxy (Gonzélez Delgado et al., 2014).
However, some relations that are found between the global properties of galaxies do not remain true
at smaller scales, such as the correlation between the molecular gas and high-mass star formation
(Kruijssen et al., 2019). Therefore, the study of the spatially resolved galaxies is fundamental to
better understand the processes that drive the galaxy formation and evolution.

Colour gradients have been observed for many years in different types of galaxies (Peletier
et al., 1990; Peletier and Balcells, 1996; de Jong, 1996; Silva and Bothun, 1998; Bell and de Jong,
2000; La Barbera et al., 2004; Wu et al., 2005; Mufioz-Mateos et al., 2007; Roche et al., 2010;
Tortora et al., 2010), which have been usually interpreted as age and metallicity gradients. Thanks
to the capabilities of IFU surveys, such as CALIFA (Sanchez et al., 2012) or MaNGA (Bundy
et al., 2015), the PHANGS-MUSE survey (Emsellem et al., 2022) or the WEAVE-Apertif survey
(Hess et al., 2020) these gradients have been interpreted more precisely, as well as the properties
of galactic regions. In this regard, we remark the works carried out using CALIFA data, which
have unveiled the radial structure and properties of the stellar population properties, SFR, SFH,
and mass—to—light ratios of galaxies (Gonzélez Delgado et al., 2014, 2015, 2016, 2017; Garcia-
Benito et al., 2017), as well as the work by San Roman et al. (2018), which also studied the
stellar population properties of the spatially resolved galaxies using the photometric data from the
ALHAMBRA survey, and can be thus considered as the precursor from our work.

The J-PAS survey data will be excellent to study the properties of the spatially resolved galaxies
thanks to its photometric filter system, large FoV and footprint, allowing for studying large galax-
ies without aperture bias or FoV limitations, while also performing SED-fitting with an spectral
resolution comparable to very low resolution spectroscopy. In this chapter, we aim at studying the
spatially resolved properties of the galaxies in miniJPAS, taking advantage of the capabilities of
the J-PAS filter system and the large FoV of the survey, in order to unveil the properties of this
galaxies and the role that the environment might be playing in their evolution, while also showing

the power of the future J-PAS data to perform this kind of studies.

6.2 Data

In this section we describe the nature of our data, all belonging to the miniJPAS survey. We describe
the selection of the galaxies we use for our study, as well as their classification into galaxies in field

or in groups and inspect their observational properties.

6.2.1 The miniJPAS survey

The data used for this chapter proceeds completely from the miniJPAS survey (Bonoli et al., 2021).
The main technical aspects of this survey are summarised in Chapter 2, and some scientific results

found with this survey that are relevant for our work have been summarised in Chapter 3.
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The data from miniJPAS and J-PAS is ideal to perform IFU-like studies, since its large FoV
allows for observing large galaxies in the same pointing, and the filter system allows for retrieving
the stellar population properties of the galaxies with great precision (see Gonzalez Delgado et al.,
2021). Moreover, the nature of the survey allows for cluster and groups detection, with no selection

bias in the targets observed (see e.g. Doubrawa et al., 2023; Maturi et al., 2023).

6.2.2 Sample selection

The sample used in to study the properties of the spatially resolved galaxies in miniJPAS is the
same as the one used in Chapter 4 (see Sect. 4.2.1 for a more detailed explanation). In a few words,

galaxies have been selected so that:

* Galaxies are at least twice larger than an assumed limiting FWHM of the PSF, allowing for
at least two extractions (R_LEFF > 2")

* There are no edge-on galaxies (ellipticity must be smaller than 0.6)

* There are no artifacts or nearby sources that can bias the photometry (MASK FLAGS=0 for
all bands, FLAGS must not contain the flag 1).

» Selected objects are galaxies (CLASS STAR < 0.1)

With this criteria we obtain a total number of 51 galaxies. This galaxies are later divided into red
and blue galaxies using Diaz-Garcia et al. (2023) selection criterion, which is an adaptation of the
criterion given by Diaz-Garcia et al. (2019a), previously used by Gonzalez Delgado et al. (2021) to
segregate the whole galaxy populations in miniJPAS in red and blue galaxies. We consider galaxies
to be red if:

(u — 7)ime > 0.16(log(M,) — 10) — 0.254(z — 0.1) + 1.689, (6.1)

and blue otherwise. With this criterion we obtain a set of 27 blue galaxies and 24 red galaxies.

6.2.3 Environmental classification

To study the effects of the environment, we further classify our sample galaxies into galaxies in the
field and galaxies in groups. For such purpose we use the adaptation of the AMICO code (Maturi
et al., 2005b; Bellagamba et al., 2018) done by Maturi et al. (2023) for the miniJPAS data release.
The main aspects of that works are summarised in Sect 3.3. This code is based in the Optimal
Filtering technique. (see Maturi et al., 2005b; Bellagamba et al., 2011, for more details about
Optimal Filtering), and among other parameters, it provides a probabilistic association for each
galaxy for each cluster/group detection.

This probabilistic association has been used in previous works in order to classify galaxies and
study the effects of environment in galaxy evolution (Gonzélez Delgado et al., 2022; Rodriguez-
Martin et al., 2022). We shall use the same classification as Gonzélez Delgado et al. (2022), where
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we classify galaxies as galaxies in groups if their largest probabilistic association is larger than 0.8,
and we consider them as field galaxies if its probabilistic association is smaller than 0.1. This gives
us a total of 15 red galaxies in the field, 21 blue galaxies in the field, 9 red galaxies in groups and

6 blue galaxies in groups.

6.2.4 Observational properties of the sample

Before proceeding to the analysis we check the observational properties of the sample and the
stamps of the galaxies. We perform a visual inspection of the RGB stamps of all the selected
galaxies in order to ensure that all the objects are actual galaxies and not false detections from
SExtractor, or stellar objects miss-classified through the CLASS_STAR parameter; that the
ellipticity criteria did not leave any edge-on galaxy in the sample; and that there are no nearby
stars that could bias the photometry. The stamps of the final sample of galaxies, along with their
J-spectra, can be seen in Figs. 6.1, 6.2, 6.3, 6.4, 6.5, 6.6, 6.7, 6.8, 6.9, 6.10, 6.11, 6.12.

We can see that our final sample fulfils the desired conditions. We also note that, for some galax-
ies, the ellipticities and orientations of the KRON and PETRO ellipses provided by SExtractor
seem to be improvable in order to create apertures that better fit the morphology of the galaxy.
However, this effect is generally caused because the light distribution of the galaxy is dominated
by a very bright nucleus, which is not so notable in the RGB images. Concerning the J-spectra, red
galaxies show an steeper 4000-break than blue galaxies, and blue some galaxies show an excess
of flux in the filters where we would expect Ha or [OIII] to be detected but, from these J-spectra

alone we see no noticeable difference among red and blue galaxies in field and groups.

The last check we perform is related to the redshift distribution of the galaxies (see Fig. 6.13).
We find that both field and groups galaxies span a similar redshift range of z < 0.3, with a peak
around z ~ 0.1, but with a higher percentage of galaxies at redshifts greater that 0.1 for galaxies
in groups than in the field. The similarity in the redshift distribution and range allows us to make a
fair comparison among the properties of galaxies in the two different environments. Additionally,
we also find similar distributions in the brightness in the rspss and the median S/N ratio of the
integrated magnitudes. However, field galaxies also show a significant amount of brighter galaxies
with better S/N ratio, but this is due to the larger size of their sample. Once more data from J-PAS

is available, this difference might be negligible.

6.3 Methodology

In this section we summarise the methods and codes used for the analysis of our data. These codes
are either part of this thesis or have been used in previous works, already published, proving their

effectiveness and correct working process.
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2241-10911 2241-10941 2241-12845

2241-13222 2241-13240 2241-2669

2243-14829 2243-7944 2243-9363

Fig. 6.1 RGB images of the red galaxies in the field from our sample (Part 1). The red ellipses
shows the AUTO ellipses calculated with Eqs. 4.18 and 4.19. The green ellipses show the PETRO
ellipses calculated with Eqgs. 4.20 and 4.21. The band used to make the RGB images are ¢gpss (R)

rspss (G) and gspss (B).
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Fig. 6.2 J-spectra of images of the red galaxies in the field from our sample (Part 1). Each point
is coloured using the internal colour palette generally used by the J-PAS collaboration in order to

identify the filters.
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2243-9804 2406-2879 2406-4830

2406-5372 2470-10239 2470-12238

Fig. 6.3 RGB images of the red galaxies in the field from our sample (Part 2). The red ellipses
shows the AUTO ellipses calculated with Egs. 4.18 and 4.19. The green ellipses show the PETRO
ellipses calculated with Eqgs. 4.20 and 4.21. The band used to make the RGB images are igpss (R)

rspss (G) and gspss (B).
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Fig. 6.4 J-spectra of images of the red galaxies in the field from our sample (Part 2). Each point
is coloured using the internal colour palette generally used by the J-PAS collaboration in order to

identify the filters.
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2241-16682 2243-5632 2406-2047

2406-3274 2470-13074 2470-14452

2470-7976 2470-9118 2470-9821

Fig. 6.5 RGB images of the red galaxies in groups from our sample. The red ellipses shows the
AUTO ellipses calculated with Eqs. 4.18 and 4.19. The green ellipses show the PETRO ellipses
calculated with Eqgs. 4.20 and 4.21. The band used to make the RGB images are ispss (R) rspss

(G) and gspss (B).
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Fig. 6.6 J-spectra of images of the red galaxies in groups from our sample. Each point is coloured
using the internal colour palette generally used by the J-PAS collaboration in order to identify the

filters.
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2241-11990 2241-12850 2241-13309

2241-5636 2241-7608 2243-9200

2406-14838 2406-15402 2406-16080

2406-5886 2406-9414 2470-13018

Fig. 6.7 RGB images of the blue galaxies in the field from our sample (Part 1). The red ellipses
shows the AUTO ellipses calculated with Eqs. 4.18 and 4.19. The green ellipses show the PETRO
ellipses calculated with Eqgs. 4.20 and 4.21. The band used to make the RGB images are igpss (R)
rspss (G) and gspss (B).
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Fig. 6.8 J-spectra of images of the blue galaxies in the field from our sample (Part 1). Each point
is coloured using the internal colour palette generally used by the J-PAS collaboration in order to

identify the filters.
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Fig. 6.9 RGB images of the blue galaxies in the field from our sample (Part 2). The red ellipses
shows the AUTO ellipses calculated with Eqs. 4.18 and 4.19. The green ellipses show the PETRO
ellipses calculated with Eqgs. 4.20 and 4.21. The band used to make the RGB images are ¢gpss (R)

rspss (G) and gspss (B).
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Fig. 6.10 J-spectra of images of the blue galaxies in the field from our sample (Part 2). Each point
is coloured using the internal colour palette generally used by the J-PAS collaboration in order to

identify the filters.
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Fig. 6.11 RGB images of the blue galaxies in groups from our sample. The red ellipses shows the
AUTO ellipses calculated with Eqgs. 4.18 and 4.19. The green ellipses show the PETRO ellipses
calculated with Eqgs. 4.20 and 4.21. The band used to make the RGB images are ispss (R) rspss
(G) and gspss (B).
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Fig. 6.12 J-spectra of images of the blue galaxies in groups from our sample. Each point is coloured
using the internal colour palette generally used by the J-PAS collaboration in order to identify the
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Fig. 6.13 Integrated observational properties of the spatially resolved galaxies in miniJPAS. First
panel shows the histogram of the redshift of the galaxies. Middle panel shows the distribution of
the magnitude in the rgpgg of the MAG_AUTO photometry. Last panel shows the distribution of

the median S/N ratio of all the filters in the MAG_AUTO photometry. Black histograms represent

galaxies in the field, and magenta histograms represent galaxies in groups.
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6.3.1 Py2DJPAS

The main tool used for this analysis is Py2DJPAS, our code designed to ease and automatise all
the process required for the study of the spatially resolved galaxies in miniJPAS. This tool was
described and discussed in detail in Chapter 4, but we offer a brief summary along with the values
of the parameters and options selected for each step.

The first step of the process is the download of all the data for each galaxy. This data consists
of:

* The info_table. This table contains all the information from the MagABDual0b j table,
the obtained from running SExtractor on its Dual Mode using the rspgs band as the
reference filter. This table is used to download the images and create the apertures for the

segmentation.

* The scientific images. In order to download these images, we use the coordinates of the
galaxy, obtained through the info_table, which also provides the semi-major axis of
the galaxy, A_WORLD, that we use as a reference for the size of the stamps. We choose to
download square stamps with a size of 30 X A_WORLD, since they provide an area large

enough to work.

* The zero points of the galaxy, required to convert the ADUs into physical units. The cali-
bration of these zero points is described in Lopez-Sanjuan et al. (2019b). We also use the

coordinates of the galaxy from info_table to download this item.

* The redhifts of the galaxy. We download both the photo-z table, which contains the zPDF,
its median value (z);7), its mots likely value (PHOTOZ), and the error, as well as other
parameters. We also download the cross-match table with SDSS, selecting the spectroscopic

redshift, its error and its flag, in order to use this redshift when available.

* The PSF models for all the filters, using the coordinates of the galaxy once again.

We then produce a mask in order to avoid including the nearby objects in the extraction of the
photometry. We use the mangle mask, provided by the collaboration, as well as the nearby object
masks produced through the automatic process previously described, including the deblending
option. The values of the parameters used for this step are NP IX = 10 and rms = 5, because after
careful inspection and several tries, we find that it provides in general a good compromise between
masking all the nearby objects enough and not masking small variations in the background that
could be interpreted as another source, as well as not masking undesired regions of the galaxy.

We degrade the images in the filters in order to homogenise the PSF functions and avoid in-
troducing colour terms that might bias our results (see e.g. Michard, 2002; Cypriano et al., 2010;
Molino et al., 2014; Gonzalez-Perez et al., 2011; Er et al., 2018; Liao and Cooper, 2023). This
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Fig. 6.14 Comparison of the FWHM of the worst PSF for each galaxy and the double of its effective
radius.

procedure is fairly standard and has been used in several other works, such as Bertin et al. (2002);
Darnell et al. (2009); Desai et al. (2012, 2016) or San Roman et al. (2018).

After all these steps, the images are ready to provide homogeneus apertures along all the filters,
and we proceed to divide the galaxy into regions and extract their photometry. In Fig. 6.14 we
show an histogram of the size of the FWHM of the PSF in comparison to twice the effective radius
R_EFF provided by SExt ractor. We decide to use this radius as a reference since it is publicly
available and serves as a good starting point without the need of external or additional codes, and
this value is already fixed in the data release. As we can see, our goal of selecting galaxies where
we could extract at least two regions within 1 R_EFF is generally fulfilled, although there are some
smaller galaxies. This may also be a consequence of our approximation of the PSF models as
Gaussian distributions, which could provide larger FWHM for some cases.

We use three different segmentations in this chapter:

* Elliptical rings with major axis of the same size as the FWHM of the worst PSF. This is done
to minimise the effect of the PSF in the photometry. With this option, the code calculates
the FWHM of the worst PSF and uses it as the major axis of the ellipses. For each ellipse, it
estimates the median S/N ratio of the photometry, and keeps adding generating new ellipses
until the median S/N drops below a certain value. Here, we choose the threshold value to be

10. We will refer to this segmentation as the maximum resolution segmentation for short.®

* Elliptical rings, using the same step of 0.7 R_EFF for all the galaxies in the sample, in order
to plot the radial profiles of the stellar population properties. We choose this step taking
Fig. 6.14 into account, so we can produce radial bins where each galaxy is weighted only

once.
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* An “Inside-out” segmentation, where we define an inner region of @ < 0.75 R_EFF, where a
is the semi-major axis of the ellipse, and an outer region of 0.75 < a < 2 R_EFF. This will

be used in Sect. 6.4.6 to study the star formation history of the galaxies.

Additionally, we note that in order to generate the ellipses we only use the ellipticity and angular
position paramters provided by SExtractor as a first approximation. We generate an object
mask with semi-major and semi-minor axes of size 2.5 X A_WORLD X PETRO_RADIUS and 2.5 X
B_WORLD X PETRO_RADIUS, (following the same notation than the parameters provided in the
catalogue). Then, within that aperture, we run the routine from PyCASSO (de Amorim et al., 2017)

in order to obtain a better estimation of the parameters.

6.4 Results

In this section, we present the results of our analysis. We start by analysing the integrated properties
of our sample, in order to have an idea of the general properties of the galaxies and take them into
account in the spatially resolved analysis. We then check the results of the SED fitting, study the
radial profiles of the stellar population properties and the gradients of the innermost regions of the
galaxy, study the local SEMS, the radial profiles of the line emission and compare the SFH of the

inner and outer regions.

6.4.1 Integrated properties of the sample

It is important to take into account the properties of the integrated galaxies before proceeding
to study them in a spatially resolved way, to avoid biases and wrong conclusions in our analy-
sis. Fig. 6.15 shows the distribution of the main stellar population properties of our sample. Our
field galaxies (blue and red histograms) sample mainly span a range of masses between 10° M,
and 10 M, while galaxies in groups (orange and cyan histograms) masses are limited to the
[1095,10'5] M, range. Similarly, galaxies in groups show a larger range in the mass-weighted
ages, towards younger ages, in comparison to galaxies in groups (the age range is ~ [10%,10'%1] yr
for field galaxies and ~ [10%?,10'°!] yr for group galaxies). The extinction range is similar
(~ [0, 1]) for galaxies in groups and in the field, with no clear peak, while field galaxies show
a tail towards bluer values of (u — )iy, down to 0.5, while there are no group galaxies with colour
below 1 mag. Galaxies in the field also show a tail towards larger values of 7 /%, (all groups galax-
ies values are contained in the [0, 0.5] range, while field galaxies show values of up to 1.5), which
generally mean star formation episodes more extended in time. The metallicity range is similar,
spanning values all over the range of our models. Group galaxies do not show a clear peak, which
could be due to the low number of the size, while field galaxies show a peak between the values
—1and 0.

If we also take into account the colour of the galaxies, we find that the distribution of the

properties of the red galaxies in groups and in the field is very similar, but the distribution of the
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Fig. 6.15 Comparison of the integrated stellar population properties properties of the spatially
resolved galaxies by colour and environment. From left to right, up to bottom: stellar masss, mass-
weighted age, extinction Ay, (u — 7)in, 7/to, and stellar metallicity. Red histograms represents
red galaxies in the field. Orange histogram represents red galaxies in groups. Blue histograms
represent blue galaxies in the field. Cyan histograms represent blue galaxies in groups.

properties of blue galaxies shows some differences depending on their environment. The stellar
masses of red galaxies (red and orange histograms) is in the range between [10'°, 10'2] M, with a
peak at ~ 10'%8 M. The masses of blue galaxies in the field spans a wide range of masses, from
108 M, up to 10*° M, with a main peak at ~ 10°® M, and a secondary one at ~ 10'%° M.
However, the masses of our sample of blue galaxies in groups are mainly found in a smaller range,
from ~ 10%5 Mg up to ~ 105 M. This means that our sample of blue galaxies in the field
contains a larger number of lower mass galaxies, which must be taken into account when we
compare the properties of the regions of blue galaxies in the field and in groups.

The mass-weighted stellar ages of red galaxies are mainly contained in the range
~ [10°°,10'92] yr, peaking at ~ 10'° yr, with no significant difference due to the environ-
ment. On the other hand, similarly to the stellar mass, the range of ages found for blue galaxies in
the field (~ [10%75,10%7] yr) is wider with a younger tail than the range found for blue galaxies
in groups (~ [10°?,10%7] yr). This distributions of the ages and the masses reflect the age-mass
relation (see e.g. Gallazzi et al., 2005; Peng et al., 2015) which will also be shown later in the text.

The distribution of the extinction Ay shows that all types of galaxies have extinctions in the
range [0, 1]. Red galaxies, both in the field and in groups, peak at lower extinctions, Ay ~ 0, while
blue galaxies in the field peak at Ay ~ 0.5. However, the distribution of the extinction of the blue
galaxies in groups is rather flat, most likely due to the reduced size of the sample. This different

peaks can be expected, since blue, star—forming galaxies can show much higher extinctions (see
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e.g. Charlot and Fall, 2000).

The distribution of the (u — 7);,; colour is mostly bimodal and red and blue galaxies are clearly
separated. This can be expected by selection as well as because of the well-known galaxy bi-
modality (see e.g. Strateva et al., 2001; Bell et al., 2004; Baldry et al., 2004; Williams et al., 2009;
Moresco et al., 2013; Povié et al., 2013; Fritz et al., 2014; Diaz-Garcia et al., 2019a; Gonzalez
Delgado et al., 2021). However, it is remarkable that red galaxies show similar colours, in the range
(u—7)ine € [2.0,2.5] mag, but blue galaxies in groups colours range from (u — )i, ~ 1.0 mag up
to (u — 7r)ine ~ 2.0 mag, which clearly lean towards redder colours than those of blue galaxies in
the field, whose colours range from (u — )i, &~ 0.5 mag up to (v — 7);,, ~ 2.0 mag and peaking
at (u — 7)ine ~ 1 mag.

The distribution of 7/t clearly separates red and blue galaxies. Values found for red galaxies
in the field and in groups are all contained in the lowest bin (7/ty ~ [0, 0.25]), blue blue galaxies
show some larger values, particularly for galaxies in the field (7/tg = [0, 0.5] for blue galaxies in
groups, 7/ty &~ [0,1.5]). This indicates that, according to our 7 models, red galaxies built their
masses at earlier epochs and faster than blue galaxies, specially blue galaxies in the field.

The distribution of the metallicity shows that the metallicities of red galaxies are within a nar-
rower range ((log Z/Zx) ~ [—0.1, 0] for red galaxies in the field, (log Z/Z) ~ [—0.1, 0.5] for red
galaxies in groups) than the values of the metallicity in blue galaxies ({log Z/Z) ~ [—2.0, 0.5] for
blue galaxies in the field, (logZ/Z) ~ [—1.5,0.5] for blue galaxies in groups).

These distributions could partly be a consequence of the different size of the samples, but these
biases of more massive, older and redder galaxies in groups are also found in the literature (see
e.g. Gonzdlez Delgado et al., 2022; Rodriguez-Martin et al., 2022). We also note that our selection
was based on size. Therefore, given the mass-size relation (see e.g. Shen et al., 2003; Hyde and
Bernardi, 2009; Poggianti et al., 2013; Lange et al., 2015; Yoon et al., 2023) it is also reasonable that
our sample is biased toward more massive galaxies, which are usually older and redder (Kauffmann
et al., 2003a). In addition, elliptical galaxies are usually redder, older and more massive, while
spirals are usually bluer, less massive and younger (see e.g. Hogg et al., 2004; Kauffmann et al.,
2004; Bassett et al., 2013) Since we are removing edge-on galaxies from our sample, which can
only be spiral galaxies, we are more likely to be dominated by elliptical galaxies.

We also explore some other known relations among stellar population properties (see Fig. 6.16).
The first panel shows the mass-age relation of galaxies. We find that blue and red galaxies are well
distinguished in this diagram, and seem to show different trends. We find no significant differences
among red/blue galaxies in groups and field environments.

Second and third panel show the SFMS of galaxies in our sample, in their SFR and sSFR
versions. We use the fit obtained by Gonzélez Delgado et al. (2022) for the whole miniJPAS sample
as a reference. We find that blue galaxies lie near this fit, regardless of their environment, while red
galaxies are found well below this fit. This behaviour is the same found in the literature (see e.g.
Peng et al., 2012; Speagle et al., 2014). We note that, even though blue galaxies are close to the fit,

they are all below the fit. This means that the star formation rate of most of our blue galaxies have
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Fig. 6.16 Relations of the integrated properties of the galaxy. From left to right, top to bottom: age—
mass relation, SFMS (SFR-mass), SFMS (sSFR-mass) and mass-metallicity relation. Red points
represent red galaxies in the field. Orange points represent red galaxies in groups. Blue points
represent blue galaxies in the field. Cyan points represent blue galaxies in groups. Black dashed
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Fig. 6.17 Residuals for the 0.7 R_EFF RING segmentation. Top panels show the values of the
residuals. Bottom panels show the standard deviation of the ratio between the residuals and the
observed errors. Left panels show these parameters divided by S/N. Right panels show them di-
vided by surface brightness. Different colours represent different different bins of S/N and surface
brightness, respectively. Solid black lines in top panels represent the value O of the residuals. Grey
dashed lines in top panels represent the limits [—0.05,0.05] of the residuals. Black dashed lines
in the top panels represent the limits [—0.1, 0.1] of the residuals. Black dashed line of the bottom
panels shows the desired value of 1 for ratio between the residuals and the observed errors.

SFR that are in the low range of the miniJPAS sample. This could be expected, since bulges are
generally quiescent, and disc galaxies are likely to be star—forming (Dimauro et al., 2022), and we
have already discussed that, due to our selection criteria, we are likely to loose more disk galaxies
and that our sample could be dominated by galaxies with prominent bulges.

The last panel shows the mass-metallicity relation, as described by Gallazzi et al. (2005). Sim-
ilarly to the previous cases, we are not able to distinguish the environment of the galaxies, and the
colour of the galaxy seems to play a mayor role in our sample. We do however find a larger range
of metallicites for low mass galaxies, while high mass galaxies are concentrated close to a single

value (~ —0.5 dex in our sample), as seen in the literature (Gallazzi et al., 2005).

6.4.2 SED-fitting check

Before continuing with the analysis of the properties, we perform a check to test the quality of
the SED fitting in our data. Our SED-fitting codes have been tested and their efficiency has been

proven when applied to J-PAS like data has been proven in previous works (Gonzdlez Delgado
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Fig. 6.18 Residuals for the maximum resolution segmentation. Top panels show the values of
the residuals. Bottom panels show the standard deviation of the ratio between the residuals and
the observed errors. Left panels show these parameters divided by S/N. Right panels show them
divided by surface brightness. Different colours represent different different bins of S/N and surface
brightness, respectively. Solid black lines in top panels represent the value O of the residuals. Grey
dashed lines in top panels represent the limits [—0.05,0.05] of the residuals. Black dashed lines
in the top panels represent the limits [—0.1, 0.1] of the residuals. Black dashed line of the bottom
panels shows the desired value of 1 for ratio between the residuals and the observed errors.
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et al., 2021, 2022). However, their performance has not been tested yet in the regions of spatially
resolved galaxies. These tests are valuable not only for this reason, but also to evaluate the quality

of our result and how trustworthy they are.

We start by calculating the residuals of our fit (see Figs. 6.17 and 6.18). We calculate the resid-
ual for each region obtained using the maximum resolution and the 0.7 R_EFF rings segmentation,
and we calculate the median for each filter, using bins of S/N and surface brightness. Low values
indicate that the code was able to retrieve a combination of stellar populations that resembles the
extracted spectra. This is a good test for our photometry, since retrieving spectra that are physically
plausible indicates that the whole process of the extraction at least provides explainable spectra,
given our current knowledge of stellar models. We also calculate the standard deviation of the
residuals divided by the calculated error, which is related to the errors. Ideally, we should get val-
ues close to one. Lower values would indicate that the errors are overestimated, and larger values

that they are overestimated.

We find that, for both photometries (uniform annulus and annulus using the maximum res-
olution allowed by the size of the PSF), filters with a S/N larger have residuals well within the
[—0.05,0.05] range (grey dashed lines in the figures). The same can be said for filters with a sur-
face brightness brighter than 25. This range of residuals in magnitudes means that the relative
difference of the measured and fitted fluxes is below 5 %. Most importantly, we do not find a
significant bias with wavelength for these residual. However, we note that, as the S/N ratio or the
surface brightness decreases, the residuals of many filters start becoming biased towards larger,
positive values of mq,s — mys;. This means that, for these cases, the code tends to underestimate
the flux (or the fitting tends to overestimate the flux of the solution). A possible explanation could
be the PSF homogenisation. However, this homogenisation affects more the inner regions of the
galaxy, that loose flux in favour of the closer areas, and outer areas are mostly unaffected. Another
possible explanation is that the filter close to 4000 A is, on the contrary, biased to negative values of
Mops — Mg This different behaviour on blue and red could be due to the efficiency of the CCDs at
different wavelengths, and the SED-fitting code trying to fit all filters with an intermediate solution,
or finding that these blue filters are more important for the fit. Note that these filters contain the
so-called 4000-break, that is known to be highly correlated with the stellar population properties
of galaxies (see e.g. Gonzdlez Delgado et al., 2005).

However, when the S/N drops below five, for both photometries, the residuals become notice-
ably larger, reaching values larger than 0.3 (a relative difference in fluxes larger than 30 %) and are
biased toward positive values for all filters. This is particularly noticeable in the 0.7 R_EFF RING
segmentation. In this segmentation, a filter close to the 6500 A shows a notably larger residual than
the others. This filter is close to the Ha emission line rest wavelength. We note that our code does
not fit emission lines, which can lead to larger residuals in the emission filters. However, this be-
haviour is not shown in the maximum resolution segmentation, and the mode of the redshift o our
sample is z ~ 0.1, which would shift the Ha emission towards ~ 7219 A. However, this behaviour

is not seen in the maximum resolution segmentation, where filters with wavelengths shorter than

111



30 0.7 R_EFF RINGS MAX_RES regions

25 1

20 A

15 A

S/N
S/N

10 A

5_

O_
175 20.0 225 250 275 30.0 175 20.0 225 250 275 30.0
S [mag/arcsec?] S [mag/arcsec?]

Fig. 6.19 S/N vs surface brightness. Colours represent each filter of miniJPAS.

4000 A show a bias towards negative residuals, and filters above show positive values. This would
support the aforementioned idea that the SED-fitting code might be finding an intermediate solu-
tion for both wavelength ranges. We also note that residuals seem to behave better in the maximum
resolution segmentation, but we impose a S/N cut in the segmentation itself, which would remove

from the analysis the regions with worse S/N and dimmer surface brightness.

When separated by surface brightness bins, we find a that residuals are contained in the
[—0.05,0.05] range when the surface brightness is brighter than ~ 25 mag/arcsec?. For dimmer
values, the residuals start to increase. Interestingly enough, the red filters are the worst ones,

showing a bias toward positive values. This is likely due to fringing effects.

0 fobs
would show that the errors are correctly estimated. Values for S/N < 5 are not shown in the

Concerning the standard deviation of std ( ), values close to 1 are desired, since the
graph for the 0.7 R_EFF RING segmentation because they are too large and do not allow for proper
interpretation of the graph. In all cases, the interpretation is similar: values fluctuate close to the
unity value, some above it, but most below it. This would mean that our error is overestimated.
We note that we have included ZP error, which is set to a conservative value (the error provided
is 0.04 for all the filters for all the galaxies, but recent revisions of the calibration method provide
much more accurate ZP, see Lopez-Sanjuan et al., 2019b, 2024). However, we decide to keep this
value in the equations and provide a more conservative uncertainty. For this parameter, there is no
significant dependence with the S/N or the surface brightness. The filter at 7000 A seems to be the

worst one in all cases, with the error being underestimated. These could be due to the Ha emission.

In order to further investigate the relation among the S/N ratio, the surface brightness and the
residuals, we plot the first one as a function of the second, coloured by filter (Fig. 6.19) and the
residuals (Fig. 6.20). We find that the S/N ratio decays similarly for all the regions, filters and both
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Fig. 6.20 S/N vs surface brightness, color coded with the residuals. Each point represents one filter
for one region.

segmentations as the surface brightness becomes dimmer. We note that this decays seems to be
faster for redder filters. This is in accordance to the previous observation where red filters were
the ones to show worse values of the residuals as the surface brightness decreased. Concerning
the residuals, the distribution is clear: bright regions with good S/N show the lowest values for the
residuals. As soon as the S/N starts to decrease, regions with larger residuals start to appear in both
segmentations. For the 0.7 R_.EFF RINGS segmentation, the cut in S/N seems to be a better filter
than the cut in surface brightness, since it removes most of the regions with higher residuals. For
the maximum resolution segmentation, however, some regions with higher residuals show a S/N
larger than 5, and the threshold S > 25 mag/arcsec? shows some high residual regions. We note
here that it is important to consider that these regions are the smallest possible, given the size of
the PSF.

We must also take into account that the median S/N of the J-spectra of the region depends on
the maximum wavelength considered, since blue filters in general have a lower S/N for the same
region. We illustrate this behaviour in Fig. 6.21. We compare the median S/N of each region for
every galaxy with the median S/N of the filters with Apivor < 5000 A. We find that the general
median of the S/N can be up to 10 units larger than the median of these bluer filters. Since these
filters are the ones that contain the 4000 break, and due to its correlation with the stellar population
properties, we consider that it is better to look at the median S/N in these filters instead of the
median of all the filters. Taking into account the results of the previous figures, we find that limiting
our analysis to the regions where the median S/N of the filters with A,y < 5000 A larger than 5
will provide the most trustworthy results. We know that the surface brightness is also an important

factor to consider, but the limiting surface brightness of J-PAS has not been studied yet and its
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Fig. 6.21 Median S/N vs median S/N (A < 5000 A). Left panel shows the comparison for the
0.7 R_.EFF RINGS segmentation, and right panel shows the comparison for the maximum resolu-
tion segmentation. Grey dashed lines show the identity relation.

beyond the scope of this work. However, we hope that these results may set an starting point for
such purpose.

After all these test and analysis, we can conclude that our methodology provides solid results in
terms of the stellar population properties. We should, however, restrict our analysis to the regions
were the median S/N ratio of the bluer filters (Apivor < 5000 A), since our SED-fitting results show

large residual values for filters and regions below this limit.

6.4.3 Spatially resolved stellar population properties

In this section, we study the stellar population properties of the regions of the galaxies in our
sample. We start by comparing the properties derived using an elliptical aperture at 1 R_EFF with
those derived using the MAG_AUTO photometry. We then propose an equivalent diagram to the
dust corrected mass-colour diagram, to study how the properties are distributed, and we finish by
studying the local main sequence of the star formation. As in Chapter 5, in order to simplify the
reading of the text, we specify now which are these properties and the units that we use, and we
will not explicitly include the units during the discussion of the results In this section, we will focus

in the following properties:

e The stellar surface mass density, j,. We measure f, in units of My x pc™2 and we will

generally use the logarithm of this value.

 The mass-weighted stellar age, (log age),,. We measure the age in yr and we calculate the

logarithm in this unit.
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Fig. 6.22 Comparison of the mass (left panel) and (u — 7);,; colour (right panel) obtained at
1 R_EFF and with MAG_AUTO. Red points represent red galaxies in the field. Orange points repre-
sent red galaxies in groups. Blue points represent blue galaxies in the field. Cyan points represent
blue galaxies in groups.

The luminosity-weighted stellar age, (log age),. We measure the age in yr and we calculate

the logarithm in this unit.

The stellar metallicity, (log Z/Z).

The extinction Ay . This parameter is given in AB magnitudes.

The intensity of the SFR, Yspgr. We calculate Y.gpr in units of M X Gyr‘1 x pc2, and we

generally refer to the logarithm of this value.

The sSFR. We calculate sSFR in units of Gyr~', and we generally refer to the logarithm of

this value.

6.4.3.1 Integrated properties vs properties at M1R_EFF

We compare the results obtained for the total mass and the (u—r) colour correction from extinction
(u — )iyt from an extraction performed for an aperture of 1 effective radius and the MAG_AUTO
extraction from the catalogue (which we have shown to be reproduced by our code) in Fig. 6.22.
The total mass shows a very linear behaviour, with a slope very close to the unity, but with an offset
of —0.25. Using the properties of the logarithms, it easy to find that this offset means that the mass
contained in an aperture of 1 R_LEFF is ~ 56 % of the mass contained in the MAG_AUTO. This
is a good results from several points of view. It is know that there is a strong relation among the

luminosity and the mass and of a galaxy, mainly imposed by the stellar models (see e.g. Conroy,
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2013). We are using the R_EFF provided by SExtractor so that our results are easily repro-
ducible, with a value provided in the catalogues. This radius is calculated so that an aperture of
such size contains half of the light of the galaxy. On the other hand, MAG_AUTO is defined for the
goal of defining an aperture that contains almost all the light of the galaxy, without compromising
the S/N ratio. Therefore, it is a solid result that our methodology finds that the mass contained in
1 R_EF'F is close to half of the mass obtained using MAG_AUTO. It also indicates that the estimation
of the effective radius provided by SExt ractor for our data is good enough for our purpose. We
note that there is a relation among the Half Mass Radius (HMR) and the HLR, but they are not
exactly equal and this relation changes with the morphological type and the mass of the galaxy, but
(Gonzélez Delgado et al., 2015). Nonetheless, we are not really comparing the HMR and the HLR,

but rather the mass contained at different apertures.

The (u — 7);y colour shows offset too, and we find that the galaxy shows a bluer colour when
using the AUTO aperture. This is another good result for our method, since bluer regions are
expected to be in the outer parts, while inner regions tend to be redder (see e.g. Gonzalez-Perez
et al., 2011; Kennedy et al., 2016; Marian et al., 2018; Miller et al., 2023). The inclusion of these

outer parts of the galaxies should provide a bluer average in consequence.

6.4.3.2 Surface mass density-colour diagrams

In the next step of our analysis, we propose an equivalent diagram to the mass-colour one, but using
the mass density instead of the mass. We use again the uniform rings, in order for the galaxies to
populate the diagram with a similar amount of points, even though we still use the aforementioned
cut in S/N. We find that there is a nice distribution of all the properties in this diagram. The
oldest regions, both luminosity and mass-weighted, appear in the redder and denser regions, while
the bluer regions are younger, specially those of lower stellar mass density. We find the largest
extinctions in the blue regions of larger density. The bluer and less dense regions are the ones with
the lowest metallicity, while blue regions with high density are some of the metal richest points
in the diagram. However, in general redder and denser regions are metal richer. The intensity of
the SFR shows a different correlation, but we need to take into account that plotting it against the
mass density is the same as the SFMS, which we will study later. Denser and redder regions show
the lowest sSFR. These regions can be expected to be the most quiescent ones if we look at the
radial profiles of the surface mass density and the sSFR found by Gonzélez Delgado et al. (2015,
2016). In general, this diagrams are reproducing the same relations that we found in the colour-
mass diagrams used for the integrated properties of galaxies (see e.g. Gonzdlez Delgado et al.,
2021, 2022; Rodriguez-Martin et al., 2022), this is, once the mass (density) and the colour of (the
region of) the galaxy are know, the other stellar population properties can be easily constrained.
We also note that, even there is a correlation with both colour and mass density, the strongest one
seems to be with colour. Results by Diaz-Garcia et al. (2019a) show that, using 7-delayed models
from Madau et al. (1998) to derive the SFR of the galaxies from the ALHAMBRA survey, the

116



10.0 10.0

2.5 po’{ 2.5 ae
<832 9.8 — .&&{"S{ 9.8 —
4-:20_ ':!%.“:0.‘: .. 3 _,_,20_ ’v..e..: .. 3
= % 96 = £ y 9.6 =
® | ©
1159 94 & L 157 ol e’ 94 ©
= g - o.m. oo g
10.1..‘. ‘ 9.2 = 1-0'.\‘:‘2~ 9.2 —
0.5+ - : : — B9 0.5+ - : : — B9
o 1 2 3 4 o 1 2 3 4
logu.[Mo X pc2] logu.[Mo X pc2]
0.7
2.5 _."‘.‘tr . 2.5 0.5 .
£2.0] e | = £2.01 ‘ 0.0 5
< .. ° ‘ © - o N
. .8 0.5 € co U N
1159 ‘o:‘..}. i = 115 Cot'h e -0.5N
~ ° (] (Y ) ~ " o0 9
10 .,:r.m., > 0.4 1,0-.‘.-:».‘.“{' -1.0~
0.5+ - : : — 803 0.5+ - : : — B_15
o 1 2 3 4 o 1 2 3 4
logu.[Mo X pc2] _ logu.[Mo X pc2]
s 0.0
2.5 . 0.5 (3 2.5 .‘.v —_
-.’- > o!! 1 —O 5"I'L
£2.0{  TiTCaw 0.0 I, 220 St ) )
R L4 o = PRk 10
1159 e -0.5 % 1 1.54 L
~ "é :0 EO ~ 7))
1.0 [ S%e%® —1.0= 1.0y, ¢S e -15 g
o 8 o o 8
05— B-15'5 05— 77— 820
o 1 2 3 4 3 o 1 2 3 4

logu.[Mo X pc2] logu.[Mo X pc2]

Fig. 6.23 Colour—mass density diagram coloured by the main stellar population properties. From
left to right, up to bottom: mass-weighted age, luminosity-weighted age, extinction, stellar metal-
licity, intensity of the star formation rate and sSFR. Point size is inversely proportional to the
distance to the galactic centre.
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Fig. 6.24 Colour—mass density diagram coloured by the by the environment and colour of the
galaxies. Left panel shows the results using the 0.7 R_EFF RING segmentation. Right panel shows
the results obtained with the maximum resolution segmentation. Red points represent regions
belonging to the red galaxies in the field, orange is used for the regions of the red galaxies in
groups, blue points are for the regions of blue galaxies in the field and cyan points are for regions
of blue galaxies in groups. Point size is proportional to the inverse of the distance to the galaxy
centre. Stars represent the median value for each galaxy type in each mass density bin.

properties are very correlated with the colour of the galaxies. Our findings are similar, since the
dependence seems to be stronger with the (u — r);,; colour that the stellar surface mass density
for the stellar ages and the sSFR, but the stellar surface mass density also plays a role in the other
properties. Nonetheless, this also means that we are recovering the properties of the models, which

1s a solid statement for our results.

We also use this diagrams to study the distributions of the regions of the galaxies according to
their colour and environment (see Fig. 6.24). We also plot the regions of the maximum resolution
segmentation. We find that, for both segmentations, regions of red and blue galaxies are very well
distinguished. This could be expected since regions of blue galaxies are bluer and regions of red
galaxies are redder, as we had seen in the radial profiles. However, it is interesting to see that
very few points of the red galaxies go into the redder regions and vice versa for blue galaxies. In
addition, the distribution of the points seems to be related not only to colour, but also to stellar mass
density, since red and blue points follow a diagonal trend rather than a vertical one. This trend is
clearer in the maximum resolution segmentation. On the one hand, we have already mentioned that
this diagram might be dominated by higher resolution galaxies. On the other hand, if we take into
account the strong relation found between the stellar mass density and the radial distance, we can
assume up to a certain point the mass density as a proxy of the distance. Therefore, these diagrams
are showing in a different way the colour profiles of the galaxies, and using a better resolution

might provide a better idea of the behaviour of red and blue galaxies.
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Fig. 6.25 Local star formation main sequence. Left panel: intensity of the SFR as a function of
the stellar surface mass density. Black dashed lines represent loci of constant sSSFR (from top to
bottom, sSFR = 1,0.1,0.01 Gyr~'). Right panel: sSFR as a function of the stellar surface mass
density. Red points represent red galaxies in the field. Orange points represent red galaxies in
groups. Blue points represent blue galaxies in the field. Cyan points represent blue galaxies in
groups.

We do not find any relation of the environment of the galaxy with the position in these diagrams.
The points of galaxies in groups are distributed in a similar way to the regions of the galaxies in
the field, and the do not seem to cluster in any particular region. This result is in accordance to the
results obtained for the radial profiles, where, except for some details in the ages and the sSFR, we
could not separate galaxies in groups and in the field. This result is similar to the integrated case.
In Rodriguez-Martin et al. (2022) we found that the distribution of the properties of the galaxies in
the cluster mJPC2470-1771 in the mass colour diagram was the same as in the general sample of
miniJPAS. The main difference resided in the fraction of red and blue galaxies and therefore, the
clustering of points in the diagram. Here, our results seem to point towards a greater relevance of
the mass density and the colour in the spatially resolved properties, rather than the environment,

but future data might reveal a different fraction in the distribution of these properties.

We finish this part of our analysis of the stellar population properties by reproducing the local
SEMS, both in its SFR intensity and sSFR versions (see Fig. 6.25). Both versions are similar,
just changing the slope from positive to negative. We can not distinguish environments here, but
regions of red and blue galaxies are well differentiated. Our results are similar to those by Gonzalez
Delgado et al. (2016), this is, there is a strong relation between the mass density of the region and
its SFR density or its sSFR, very likely a linear fit. Red galaxies are more disperse in the SFR

density version, but actually it looks like we could fit a linear relation in the sSFR version.
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6.4.4 Radial distribution of the stellar population properties

We study the radial profiles of the main stellar populations, this is, stellar mass density, mass-
weighted and luminosity-weighted stellar age, the extinction parameter, stellar metallicity, extinc-
tion corrected colour (u — 1)y, the intensity of the SFR and the sSFR. For this analysis, we will
use the uniform ring segmentation, every 0.7 R_EFF, which is the worst PSF of the galaxy that
has the largest PSF in comparison to its effective radius. We choose to do it this way so that every
galaxy has the same weight in each bin. Using the maximum resolution segmentation would pro-
vide more data points, but for each radius bin, every galaxy would provide a different amount of
points. Therefore, the calculated median would by dominated by those galaxies with a better reso-
lution. We also divide our sample in four different groups, in order to study the possible effect of
the environment: red galaxies in the field, red galaxies in groups, blue galaxies in the field, and blue
galaxies in groups. We also note that in order to compare our results with those of the literature,
we will assume that red galaxies are generally quiescent and early-type, while blue galaxies are
generally star—forming and late-type (see e.g. Hogg et al., 2004; Kauffmann et al., 2004; Bassett
et al., 2013). We decide to use this proxy since, even thought they are not the same concept, they
are known to correlate very well, and it will ease the comparison, because different studies decide
to classify their samples according to different criteria.

Additionally, in order to provide a numerical value of the internal gradients for each galaxy, we
use the results obtained with the maximum resolution segmentation, and we calculate the gradient
of each property, restricted to » < 1.5 R_EFF. In consequence, unlike the case of the median
profiles, galaxies with a better resolution have the same weight in the plot as those with a worse
one. We limit the radius to » < 1.5 R_EFF in order to fit only the central part (we know that, for
example, the profile of the mass density is similar to a Sérsic profile and the internal region differs

from the external one), and in order to have at least two points for each galaxy.

6.4.4.1 Stellar mass surface density

The stellar mass density clearly decreases as the radius becomes larger for all galaxies colour and
environments. Red galaxies in the field show the highest densities among our sample, staying
above the rest of the galaxies at all radius. The median value goes from log i1, ~ 3 at 0.7 R_EFF,
and decreases down to log i, =~ 1.2 at ~ 4 R_EFF. The shape of the profiles found by Gonzalez
Delgado et al. (2014, 2015) are similar for all galaxies regardless of their morphology or mass.
However, the values of the density greatly change with these parameters. Most of the red galaxies
in the field (and red galaxies in general) are more massive than log M, = 10 [M]. For that range of
masses, values found by those works at the central regions range from log j, ~ 3.5 to log u, ~ 4.2.
Our values are lower, but we note that we have applied a PSF homogenisation, which flattens the
profile, lowering them at the centre, while this was not done in the CALIFA sample. Also, our
radial bins use a lower resolution, given the PSE. A better spatial resolution also provides larger

mass densities specially close to the centre (see Fig. 5.4 in Chapter 5 for an example of a galaxy
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Fig. 6.26 Radial profile and gradients of the stellar mass surface density by galaxy colour and
environment. Red colours indicate red galaxies in the field. Orange colours represent red galaxies
in the field. Blue colours represent blue galaxies in the field. Cyan colours represent blue galaxies
in groups. Left panel: Radial profile of the mass surface density. Dashed lines represent the median
value in the radius bin. Colour shade represent the error of the median. Single points represent bins
where only one region was left after the S/N cleaning. Right panel: internal gradients of the mass
surface density as a function of the total stellar mass. Circles represent the values of each galaxy.
Stars represent the median value for each mass bin.

studied with larger resolution). In fact, if we look at the values found by Gonzalez Delgado et al.
(2014, 2015) at ~ 0.7 R_EFF we find that they are log 1, ~ 3.5, which is much closer to our results.
Finally, results from Gonzalez Delgado et al. (2014, 2015) use a Salpeter IMF which on average
provides an stellar mass 0.27 larger than the Chabrier (2003) used our this analysis (Gonzalez
Delgado et al., 2015). At larger distances (~ 3 R_EFF) Gonzdlez Delgado et al. (2014, 2015) find
values in the range log p, = [1.5,2.5]. Our results are also in good agreement with values found by
Bluck et al. (2020) for the quiescent galaxies (log i, ~ 3.5 at the central regions, log j, ~ 2.2 at
1.4 R_EFF), as well as with the results found by Abdurro’uf et al. (2023) for galaxies in this range
of masses (log i, ~ [3, 4] in central regions up log ., ~ [1,2] at 4 R_EFF).

Red galaxies in groups densities are close to the red galaxies in field, but slightly less dense
(around ~ 0.1 dex), but stay above blue galaxies in the field and in groups. These galaxies are
also noisier in their outer regions than their counterparts in field, since after applying the S/N cut
the profile only reaches ~ 2.5 R_EFF. Galaxies in groups are also more likely to be contaminated
by other nearby galaxies. Nonetheless, the shape of the profile and their values greatly resemble
the ones of the red galaxies in the field, going from log p, ~ 2.9 at 0.7 R_EFF down to log i, ~
1.75 at ~ 2.5 R_EFF. Since the range of masses covered by red galaxies in the groups and in
the field is similar, we also find that the results are compatible with the findings by Gonzilez
Delgado et al. (2014, 2015); Bluck et al. (2020) and Abdurro’uf et al. (2023). From these profiles,

it might seem that, on average, red galaxies in groups are slightly less dense than red galaxies
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in the field. A similar result is found by Bluck et al. (2020), in the sense that quenched satellite
galaxies (those that have fallen in a larger dark matter halo) are less dense on average than central
galaxies (those that remain in the centre of their dark matter halo). However, the dispersion of
the profiles of red galaxies in groups is large, and when looked individually, they also cover the
range of values of galaxies in the field. Ideally, we would divide galaxies into bins of different
mass and study these two (four, if we consider blue galaxies in the field and in groups) in each
bin. However, due to our reduced sample, we shall perform these study for future J-PAS data
release and avoid stronger conclusions in the meantime. Our results are also highly compatible
with the findings by Conrado et al. (2024). Their sample of elliptical galaxies and massive spirals
(log M, > 10.5 [M]), comparable to our sample of red galaxies and blue galaxies in groups,
shows mass surface densities that range from log i, ~ 3.5 at ~ 0.1 R_EFF down to log u, ~ 2 at
~ 0.1 R_EFF. Our densities might appear to be lower, but we find that this is likely a consequence
of the chosen radius bin. In fact, the mass density of these galaxies is log u, ~ 3.1 at ~ 0.7 R_EFF,

more similar to our initial bin.

Blue galaxies, both in the field and in groups show very similar results. Their profile overlap
in the region between 1 and 3 R_EFF. For radii smaller than 1 R_EFF, the median blue galaxies
in groups is slightly higher. However, when taking into account the dispersion of the profiles of
the blue galaxies in the field, it can be considered negligible. Moreover, the mass distribution
of the blue galaxies in groups is shifted towards higher values, which can lead to higher stellar
mass density profiles (see e.g. Gonzdlez Delgado et al., 2015). The masses of the blue galaxies
is mainly contained in the range log M, = [9,10] [M]. Values of the stellar mass density found
by Gonzilez Delgado et al. (2014, 2015) in this mass range go from log y, =~ [2.5,3.5] in central
regions down to log i, =~ [1,2] at ~ 3 R_EFF. Taking into account the aforementioned factors
(PSF homogenisation, spatial resolution used, different IMF), our results are compatible: the mass
density goes from log pi, = [1.75,2] in central regions down to log y, =~ [0.75,1] at ~ 3 R_EFF.
Our results are also compatible with those of Abdurro’uf et al. (2023), who find log 1, ~ [2.5, 3.5]
in central regions and log p, = [1, 2] at ~ 3 R_EFF, and Bluck et al. (2020), who find log p, ~ 2.75
in central regions and log u, ~ 1.75 at ~ 1.4 R_EFF for star—forming galaxies and log i, ~ 2.75
in central regions and log y, ~ 2 at ~ 1.4 R_EFF for galaxies in the green-valley, blue galaxies
are most likely to be in one of these two categories. Low mass spiral galaxies from Conrado et al.
(2024), that is, spiral galaxies with log M, < 10.5 [M], show values compatible with our sample
of blue galaxies in the field once the bin size is taken into account: log u, ~ 2.5 at ~ 0.1 R.EFF
down to log , = 1.2 at ~ 2 R_EFF, with log p, =~ 2.2 at ~ 0.7 R EFF.

Regarding the gradients and their relation with the total stellar mass (see right panel of
Fig. 6.26), we find that there is clearly a negative gradient for all galaxies (the mass density
decreases with the distance to the centre). If we look at the dependence of the values of the
gradients, we find that gradients become more negative as total stellar mass increases. This trend
is more obvious for stellar masses log M, > 9.5 [M]. Results for masses lower than that limit do

not seem to follow such trend, but they might be affected by the low number of points. The values
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Fig. 6.27 Radial profile and internal gradients of the mass-weigthed stellar age by galaxy colour
and environment. Red colours indicate red galaxies in the field. Orange colours represent red
galaxies in the field. Blue colours represent blue galaxies in the field. Cyan colours represent blue
galaxies in groups. Left panel: Radial profile of the mass surface density. Dashed lines represent
the median value in the radius bin. Colour shade represent the error of the median. Single points
represent bins where only one region was left after the S/N cleaning. Right panel: internal gradients
of the mass surface density as a function of the total stellar mass. Circles represent the values of
each galaxy. Stars represent the median value for each mass bin.

of the gradients seems to be more affected by the stellar mass than the colour of the galaxy or its
environment, since the median value of the gradient in each mass bin is very similar, regardless
of these two classification criteria. There is one exception, which is the difference in the gradient
of the highest mass red galaxies, where the median gradient of the red galaxies in field is notably
more negative that the median gradient of red galaxies in groups. This difference however can
be caused by the low number of points in the red galaxies in groups in that bin. However, the
median gradient of the red galaxies in field supposes a significant break from the tendency found
in previous points. The gradients go from V log u, ~ —0.4 dex/R_EFF at log M, ~ 9.5 [M_]
down to Vlog u, =~ [—1,—0.8] dex/R_EFF at log M, > 11 [Mg]. In the work by Gonzalez
Delgado et al. (2015) a strong correlation between this gradient and the total stellar mass was also
found but the gradients are more negative (V log i, ~ —0.75 dex/R_EFF for log M, ~ 9.5 [M],
Vlog p, ~ —1.2 dex/R_EFF for log M, > 11 [M]). The steepness of the relation is similar
(a difference of ~ 0.5 dex/R_EFF over the mass range) but values are notably flatter for our
sample. This could be due to the PSF homogenisation, since we are measuring the inner gradient
and central regions are more affected by the homogenisation, as well as by the size of the radius
bin. Even thought we are using the maximum size allowed by the PSF, some galaxies are still very

small.

123



100 T
!-—!L—_;g\h\\_\_‘____ o 0.5 H
— L
H : |
5 9.5+ x ]
2 % 0.0 g g*
5 § * i 1
® 9.0- 2 _os I
. o —0.5 1
:81 N 2 ¢
Red Groups g
8.5 1 — = Red Field 5 —1.07
Blue Groups
— = Blue Field 15
0 1 2 3 4 9 10 11
R_EFF logM. [Mo]

Fig. 6.28 Radial profile and internal gradients of the luminosity-weigthed stellar age by galaxy
colour and environment. Red colours indicate red galaxies in the field. Orange colours represent
red galaxies in the field. Blue colours represent blue galaxies in the field. Cyan colours represent
blue galaxies in groups. Left panel: Radial profile of the mass surface density. Dashed lines
represent the median value in the radius bin. Colour shade represent the error of the median. Single
points represent bins where only one region was left after the S/N cleaning. Right panel: internal
gradients of the mass surface density as a function of the total stellar mass. Circles represent the
values of each galaxy. Stars represent the median value for each mass bin.

6.4.4.2 Stellar ages

Both mass-weighted (see Fig. 6.27) and luminosity-weighted stellar (see Fig. 6.28) ages show a
similar profile for red galaxies, both in the field and in groups. These profiles are almost flat at a
value of (logage),, ~ 9.9 and (logage), ~ 9.9, respectively. Red galaxies in the field seem to
show an slight increase in the age up to 1 R_EFF, and then an slight decrease, while ages of red
galaxies seem to show the opposite behaviour (it decreases and then increases). However, given the
usual errors in the determination of the errors, this is compatible with a flat profile for both types
of galaxies at a similar age, with no significant differences due to the environment. We might be
limited by the ages of the model and the SED-fitting code could be trying to provide the oldest age
possible. Age profiles found by Gonzélez Delgado et al. (2014, 2015) for the luminosity-weighted
age depend on the mass and morphology of the galaxy. In general terms, profiles are similar:
the age decreases with an steeper gradient from the centre up to ~ 1 R_EFF, point from where
the stellar age stills decreases but at a slower rate. The initial steeper decrease is more evident
for galaxies with a total stellar mass in the range of log M, = [10.1,11.2] [M], particularly for
galaxies in the mass range log M, = [10.1,10.6] [My]. Our sample of galaxies is within this
mass range, but generally in the more massive range. The size of the radius binning and the PSF
homogenisation might be at play again. The range of ages covered by galaxies in that range of
masses in the works by Gonzalez Delgado et al. (2014, 2015) is (log age); ~ [9.5, 10], with outer

parts of galaxies in the lower mass end reaching values down to (logage), ~ 9. Our results
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are compatible with the findings for the high-mass end of the range of stellar masses. However,
luminosity-weighted age profiles found by San Roman et al. (2018) for this type of galaxies are
shown to be mostly flat in an age range around (logage), ~ 9.9. Results found by Bluck et al.
(2020) for quiescent galaxies are similar, with almost flat profiles at (log age),; ~ 9.9, regardless
o whether they are central o satellites galaxies. Mass-weighted age profiles found by Abdurro’uf
et al. (2023) are also mostly flat for all galaxies with log M, > 9.5 [M)], and become even flatter
as the mass increases. In particular, for quiescent galaxies, ages are (logage),, ~ 9.9. Therefore,
our results are in great agreement with those by San Roman et al. (2018); Bluck et al. (2020);
Abdurro’uf et al. (2023). The luminosity-weighted stellar ages found by Conrado et al. (2024)
for their sample of elliptical galaxies are compatible with our results, showing values of the ages
(log age), =~ 9.9, but their profiles show an steeper decrease, with ages down to (logage); ~ 9.5
at 2 R_.EFF.

Blue galaxies exhibit more noticeable differences between their mass and luminosity-weighted
age profiles. The most most significant one is an offset of ~ 0.5 dex between the mass and
luminosity-weighted ages (luminosity ages are younger). The profile is similar in general term for
both ages and for both types of galaxies. Blue galaxies in groups ages decrease until ~ 2.5 R_EFF
and then the age decrease more steeply. The initial decrease seems slightly flatter for the mass-
weighted-age (from (log age),, ~ 9.6 down to (log age) ,, ~ 9.5) than for the luminosity-weighted
age (from (log age) ,, ~ 9.25 down to (log age),, ~ 8.9). However the last steep decrease might be
caused by a single galaxy, whose age can also have been measured with a great uncertainty (the S/N
decreases with distance too). The mass-weighted age of blue galaxies in field decreases from from
(log age),, ~ 9.5 down to (log age),, ~ 9.4 at 2 R_EFF and then increases up to (log age),, ~ 9.7
at 3 R_EFF. Similarly, the luminosity-weighted age decreases from (logage); ~ 8.9 down to
(logage); ~ 8.7 at 2.5 R_EFF and then increases up to (logage), ~ 9.4 at 3 R_EFF. This fi-
nal increase in both ages is, similarly to the steep decrease found in blue galaxies in groups, due
to a single point in that radius bin. Another possible explanation is a degeneracy found in both
types of galaxies among the age, the metallicity and the extinction. The age-metallicity has been
known for long Worthey (1994, 1999). Indeed, if we compare our results with other works, this
older ages do not appear in the outer parts of galaxies, neither the steeper decrease in outer regions
(see e.g. Gonzdlez Delgado et al., 2014, 2015; Bluck et al., 2020; Abdurro’uf et al., 2023). There-
fore, it is likely an effect of the number of points in each bin and their mass. Aside from these
outer parts, which can also be affected by a lower S/N ratio, results for the ages of blue galaxies
is in great agreement with the literature: the works by Gonzalez Delgado et al. (2014, 2015) find
luminosity-weighted age profiles rather flat, but with ages slightly younger populations at larger
radii for masses log M, < 10.1 [M], which is the mass interval where most of the blue galaxies
are found. Ages for these galaxies are around (logage), =~ 9. This is also the case for the star—
forming galaxies studied by Bluck et al. (2020) and Abdurro’uf et al. (2023). We note that blue
galaxies in groups seem to show slightly older ages than blue galaxies in the field, but taking into

account the uncertainty intervals and the mass distribution (blue galaxies in groups in our sample
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are generally more massive than blue galaxies in the field) it is hard to associate this difference
to the environment. In this regard, the sample of spiral galaxies studied by Conrado et al. (2024)
shows an offset between low mass ((logage), ~ 9.2 at 0.1 R.EFF down to (logage), ~ 8.5
at 2 R_.EFF) and high mass galaxies ((logage), ~ 9.5 at 0.1 R_EFF down to (logage), ~ 9.0
at 2 R_EFF). In this sense, our results are similar, although we find generally flatter profiles and
slightly younger ages.

Concerning the relation of the gradients with the total stellar mass (see right panels of Figs. 6.27
and 6.28), we find that the gradients of both mass and luminosity-weighted ages are negative for
low mass galaxies (V (log age) ~ —0.2 for galaxies with mass log M, ~ 9 [M], and their values
keep increasing with mass, regardless of the colour and environment. For galaxies with log M, >
10 [M], the gradient of both ages is V (log age) ~ 0. The work by Gonzdlez Delgado et al. (2015)
finds that the gradient becomes more negative up to log M, ~ 11 [M] and then starts becoming
flatter, over a range of values of V (log age) ~ [—0.5, 0]. The range of values that we find is similar
for luminosity-weighted ages, although we find that the tendency changes at much lower masses.
The work by Breda et al. (2020) finds the same relation of the gradients with the mass that Gonzalez
Delgado et al. (2015), but they find that the gradients start to increase at log M, ~ 11 [M], which
is closer to our results. A strong relation between the mass an the gradient of stellar age is found
by Parikh et al. (2021), in the same way that our results: the gradient is more negative for low-
mass galaxies and it becomes flatter as the mass increases. Regarding the values of the gradients,
massive early types galaxies are commonly found to have rather flat age gradients (see e.g. San
Roman et al., 2018; Parikh et al., 2021, and references therein), which is in accordance with our
results. However, Gonzdlez Delgado et al. (2015); Bluck et al. (2020) still find negative gradients
for this type of galaxy (V (log age) ~ —0.1). For blue/star—forming/early type galaxies, negative
age gradients are found by works such as Gonzdlez Delgado et al. (2015); Breda et al. (2020);
Bluck et al. (2020); Parikh et al. (2021). The values of the gradients found by these works are
compatible with our results, although gradients found for late-type galaxies by Parikh et al. (2021)
are more negative (steeper gradient). Overall, we find that our results are in good agreement with

the literature.

6.4.4.3 Extinction

The extinction Ay (see Fig. 6.29) shows a rather flat profile for red galaxies, both in groups and
in the field, at Ay =~ 0.4. Red galaxies in the field seem increase their Ay very slightly from
~ 1 R_EFF, and even though red galaxies in groups might show an steeper increase in the extinction
from ~ 2 R_EFF, but the lack of points at larger distances does not allow for confirming this
tendency. Nonetheless, we can not distinguish any effect of the environment in this parameter
given the uncertainty intervals. Radial profiles of the extinction Ay found by Gonzalez Delgado
et al. (2015) find an steep decrease from the central region up to ~ 0.5 R_EFF, regardless of the

mass of the galaxy, and then keeps decreasing, except for the most massive galaxies. Because of
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Fig. 6.29 Radial profile and internal gradients of the Ay by galaxy colour and environment. Red
colours indicate red galaxies in the field. Orange colours represent red galaxies in the field. Blue
colours represent blue galaxies in the field. Cyan colours represent blue galaxies in groups. Left
panel: Radial profile of the mass surface density. Dashed lines represent the median value in the
radius bin. Colour shade represent the error of the median. Single points represent bins where
only one region was left after the S/N cleaning. Right panel: internal gradients of the mass surface
density as a function of the total stellar mass. Circles represent the values of each galaxy. Stars
represent the median value for each mass bin.

the chosen radius bin we would be unable to see the initial steep decrease, but we do not find it
either in when using the maximum resolution rings. Values found for Ay by Gonzélez Delgado
et al. (2015) are in the range Ay = [0, 0.2] once the gradient becomes flatter at radii larger than
~ 0.5 R_EFF. Our results are more or less compatible outside the initial steeper decrease, although
we find generally larger extinctions. However, our profiles and their values are very similar to the
findings by San Roman et al. (2018). In this work, they find very small positive gradients for this
type of galaxies, for a range of values of Ay ~ [0.2,0.5]

On the other hand, the profile decreases with the distance to the galactic centre for blue galaxies
in groups, from Ay =~ 0.9 in central regions down to Ay ~ 0.5 at ~ 2.5 R_EFF and then slightly
increases steeply (up to Ay, ~ 1.5 at ~ 4 R_EFF). This steep increase is complementary to the
steep decrease in the luminosity-weighted age of blue galaxies in groups. Note that the error of
the median becomes zero in that point unlike in the other groups of galaxies. This hints that
this behaviour might be caused by a degeneracy between both parameters in a single galaxy (the
standard deviation of a single point is zero). For blue galaxies in the field, the behaviour is similar,
this is the extinction decreases from Ay ~ 0.75 in central regions down to Ay ~ 0.5 at ~ 2 R_EFF
and then slightly increases up to Ay ~ 0.9 at ~ 3 R_.EFF. This increase does not coincide with
a steep decrease in the stellar age, so in this case this degeneration does not seem to be playing a
role. Nonetheless, the change in the gradient is not large and it can be caused by more massive

galaxies, which might reach a higher S/N ratio at We can not separate field and group galaxies
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either, except for a slightly larger median value of the extinction of blue galaxies in groups, but
taking into account results from Gonzalez Delgado et al. (2015), this might also be consequence
of the total mass distribution. The comparison with our results with those of Gonzalez Delgado
et al. (2015) shows that both works find a decrease in the in the internal regions of this type of
galaxies. Values of the extinction found by Gonzalez Delgado et al. (2015) are within the range
Ay = [0.4,0.6] or galaxies in the mass range log M, = [9.1, 11.2] [M], which is compatible with
our range of values, although we find galaxies reaching higher extinctions.

The gradients of the extinction Ay, (see right panel of Fig. 6.29) show a large dispersion. Most
of them are within the range V Ay ~ [—0.2, 0.2] mag/R_EFF, and the median gradient is generally
negative (~ —0.1). There seems to be no strong relation with the mass. The median gradient of
blue galaxies in the field increases with mass for galaxies with mass log M, < 9.5 [My], but it
could be an effect of the low number of galaxies. Then it flattens at VAy ~ —0.1 mag/R_EFF and
decreases down to VAy =~ 0.1 mag/R_EFF, but this last decrease could be again an effect of the
low number of points in the last mass bin. This is also the case for the difference in the median
values found at log M, ~ 9.75 [M] of the gradient of blue galaxies in the groups and in the field.
Red galaxies in groups and in the field might show no significantly different values of the median
gradient, and both seem to faintly become flatter with total stellar mass. The comparison with the
results from Gonzdlez Delgado et al. (2015) shows that the dispersion in the values of the internal
gradients is also very large. However, the range of values, although compatible, is not the same
(VAy =~ [—0.6,0.2] mag/R_EFF). We may not be able to find steeper gradients due to the PSF
homogenisation, the radius bin or the sample of the size. They also find that the gradient becomes
stronger (more negative) with masses up to log M, ~ 11 [My], and then becomes flatter. Our
results might be compatible with this phenomena, but the mass where the tendency changes would
be much lower (log M, ~ 10 [My]). More data is required to further investigate this relation.
However, we note our results for the massive red galaxies are highly compatible with the findings
by San Roman et al. (2018) (VA ~ —0.03 mag/R_EFF).

6.4.4.4 Metallicity

We find that the profiles of the stellar metallicites of all the types of galaxies decrease with the dis-
tance to the centre (see Fig. 6.30). Values of red galaxies in the field decrease from (log Z/Z) ~
—0.25 in central regions town to (logZ/Zs) ~ —0.5 at ~ 2 R_EFF. Then it increases back to
(logZ/Z) ~ —0.3 and remains rather flat. Taking into account the usual error bars of the metal-
licity, and that only the most extended galaxies contribute to the last bins, this profile can be com-
patible with a flat one, but also with a decreasing profile up to ~ 2 R_EFF, and then constant for
further distances. Red galaxies in groups show a flatter profile with values (log Z/Zx) ~ —0.25 up
to ~ 2 R_EFF and then start decreasing more steeply, down to (log Z/Zs) ~ —0.5 at ~ 2.5 R_EFF.
Even though the gradients seem different, given the errors of the median it is not possible to solidly

affirm that the environment is playing a key role in the profiles of the metallicity of red galaxies.
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Fig. 6.30 Radial profile and internal gradients of the tellar metallicity by galaxy colour and envi-
ronment. Red colours indicate red galaxies in the field. Orange colours represent red galaxies in
the field. Blue colours represent blue galaxies in the field. Cyan colours represent blue galaxies in
groups. Left panel: Radial profile of the mass surface density. Dashed lines represent the median
value in the radius bin. Colour shade represent the error of the median. Single points represent bins
where only one region was left after the S/N cleaning. Right panel: internal gradients of the mass
surface density as a function of the total stellar mass. Circles represent the values of each galaxy.
Stars represent the median value for each mass bin.

Radial profiles of the metallicity found by Gonzalez Delgado et al. (2014, 2015) show a modest
decrease of the metallicity with the distance to the centre, by a factor lower than 0.2 dex over a
distance of 3 R_EFF, for galaxies in the mass range log M, = [10.6,11.8] [M]. Values of the
metallicity in that range of mass found by Gonzdlez Delgado et al. (2014, 2015) are within the in-
terval (logZ/Zs) ~ [—0.2,0.1]. Our results are generally more metal poor. This is also true when
compared with finding by San Roman et al. (2018) for this type of galaxies, which are summarised
in a decreasing profile from (logZ/Z) = 0.1 in central regions town to (logZ/Z.) ~ —0.3 at
~ 3 R_EFF. This difference is large, but the uncertainties in the metallicity are generally large
(see e.g. Fig 5.4 in Chapter 5) and values of all works can be compatible within this uncertainty
intervals. Additionally, San Roman et al. (2019) showed that different methodologies can lead to

systematic differences in IFU-like studies.

The radial profile of blue galaxies in groups and in the field is very similar, overlapping for the
most part of it. The profile of both types of galaxies decreases from (log Z/Zx) ~ —0.5 in central
regions down to (logZ/Zs) ~ —1.25 at ~ 3 R_EFF. The profile of blue galaxies in groups then
shows much more metal rich values at the external parts, from ~ 2.5 R_EFF. However, as in other
cases, we find that this is caused by a single point which might be also suffering from a degeneracy
with stellar age, since this is the same breaking point of the extinction and luminosity-weighted age
of blue galaxies in groups. At this point, ages become noticeably younger, and the extinction and

metallicity become much larger. The SED-fitting seems to have run into this degeneracy for that
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point. Additionally, blue galaxies in the field show a break in their gradient which becomes steeper
at ~ 2.5 R_EFF. This could be caused by a lesser number of points contributing to this part of the
profile, but we also note that this break coincides with an opposite behaviour in the luminosity-
weighted age, which becomes unexpectedly older for these regions. This would support the idea of
the degeneracy among age, extinction, and metallicity. If we compare our results with the ones by
Gonzdlez Delgado et al. (2014, 2015), focusing in the mass range log M, = [9.1,10.6] [M], we
find that the metallicity decreases with distance too, although at a slower rate. In fact, for galaxies
with masses log M, < 10.1 [M], the profile looks rather flat. This also indicates that some of
the aforementioned discrepancies found when comparing the different stellar population properties
could also be a consequence of not separating the galaxies by mass, which is not possible in this
study due to the limited size of our sample.

The gradients of the stellar metallicity (see right panel of Fig. 6.30) are generally negative. The
dispersion is large, as well as the errorbars. The relation with the mass is not clear and in general
terms seems rather flat. Given the typical uncertainties in the gradients, there is no significant
difference among their median values in a same mass bin, regardless of the colour and environment,
with the exception of high mass blue galaxies in the field. This difference, however, is most likely
due to the lesser number of that type of galaxies in those bins. Overall, most gradients are within
the range V (log Z/Z) ~ [—1, 0.2]. Gradients found by Gonzélez Delgado et al. (2015) are within
the range V (log Z/Zs) ~ [—4,0.2], which is compatible with our results, although we find even
steeper ones. They also find that the relation with the total stellar mass is not clear and that it shows
a large dispersion. In general terms, our results are compatible with those by Gonzalez Delgado
et al. (2015), but we estimate the metallicity more poorly than other parameters. Our results are
also in agreement with those by Parikh et al. (2021), who find flat metalicity gradients in elliptical
galaxies and negative gradients for early type galaxies, as well as with many works in the literature
that, in general find negative gradients of the metallicity (see e.g. Davies et al., 1993; Mehlert et al.,
2003; Sanchez-Blazquez et al., 2006b, 2007; Reda et al., 2007; Zheng et al., 2017).

6.4.4.5 Colour

The (u — 7)in colour profiles clearly show the difference between red and blue galaxies (see
Fig. 6.31). The profile of red galaxies in the field and in groups are very similar, with no significant
difference due to the environment. In central regions of red galaxies, we find that (v — 1), ~ 2.4,
and it decreases down to (u — 7);y, =~ 2.1 at ~ 1.5 R_EFF. Then, the profile flattens and remains
at that value. The most noticeable difference is that the colour of red galaxies in groups remains
approximately constant up to ~ 1.2 R_EFF and then starts decreasing, while the colour of red
galaxies in the field starts decreasing until a distance of up to ~ 1.2 R_EFF and then remains con-
stant. Given the error of the median and the different number of red galaxies in the field and in
groups, along with the small difference, it is difficult to suggest that this is actually an effect of the

environment.
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Fig. 6.31 Radial profile and internal gradients of the Ay by galaxy colour and environment. Red
colours indicate red galaxies in the field. Orange colours represent red galaxies in the field. Blue
colours represent blue galaxies in the field. Cyan colours represent blue galaxies in groups. Left
panel: Radial profile of the mass surface density. Dashed lines represent the median value in the
radius bin. Colour shade represent the error of the median. Single points represent bins where
only one region was left after the S/N cleaning. Right panel: internal gradients of the mass surface
density as a function of the total stellar mass. Circles represent the values of each galaxy. Stars
represent the median value for each mass bin.

Blue galaxies in the field and in groups show much more different profiles. The (v — 7)int
colour of blue galaxies in groups decreases from (v — 7);,s ~ 1.55 mag in central regions, down
to (4 — r)ine &~ 0.75 mag at ~ 4 R_EFF. There is a break point at ~ 2.5 R_EFF, where the colour
becomes bluer more rapidly. As discussed with previous properties which showed a breaking point
at the same distance, this could be caused by a single galaxy. However, it also shows that the breaks
seen in the luminosity-weighted ages, extinction, and metallicity, as well as their degeneracy, is
likely caused by this break. On the other hand, blue galaxies in the field show a much flatter
profile. The median value of the colour is (u — )i, ~ 1.25 mag in central regions and decreases
less than 0.1 mag up to ~ 2 R_EFF, and then it starts increasing up to (v — )iy ~ 1.5 mag
at ~ 3 R_EFF. This reddening of the outer parts could be an effect of more massive galaxies
dominating this regions, since they are more likely to be more luminous and have a better S/N ratio
at larger distances. Similarly, the values of the colour found in blue galaxies in the field and in the
groups is not large enough to be solidly considered an effect of the environment, particularly if we
take into account that the mass distribution of blue galaxies in the field leans toward more massive

galaxies.

The gradient in the colour (see right panel of Fig. 6.31) is negative or almost flat for most galax-
ies, indicating that they become bluer towards their outskirts. This result is found in the literature,
as well as a general consensus that colour gradients tend to be flatter in spheroidal galaxies (see
e.g. Gonzalez-Perez et al., 2011; Kennedy et al., 2016; Marian et al., 2018; Miller et al., 2023). We
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Fig. 6.32 Radial profile and internal gradients of the intensity of the SFR by galaxy colour and
environment. Red colours indicate red galaxies in the field. Orange colours represent red galaxies
in the field. Blue colours represent blue galaxies in the field. Cyan colours represent blue galaxies
in groups. Left panel: Radial profile of the mass surface density. Dashed lines represent the median
value in the radius bin. Colour shade represent the error of the median. Single points represent bins
where only one region was left after the S/N cleaning. Right panel: internal gradients of the mass
surface density as a function of the total stellar mass. Circles represent the values of each galaxy.
Stars represent the median value for each mass bin.

do not find a strong relation with the mass, but the gradient seems to become steeper as the mass
increases up to log M, ~ 10 [M,], where it starts to increase (becoming flatter). For blue galaxies
in the field, the median value of the gradient even becomes positive at this mass, but it can be due

to the low number of points in that bin.

6.4.4.6 Intensity of the SFR

The profiles of the intensity of the SFR, Yspg, (see Fig. 6.32) show a clear bi-modality, with red
and blue galaxies clearly divided. We find that the intensity of the SFR decreases with the distance
to the centre of the galaxy for all the types of galaxies. Red galaxies in groups and in the field
overlap for the greatest part of the profile. The profile decreases from log >.spr ~ 0 in central
regions down to log Yspg &= —1 at ~ 2 R_EFF, and it the profile flattens.

Similarly, the profile of blue galaxies also decreases with distance, and blue galaxies in groups
and in the field overlap almost perfectly. The profile decreases from log >spgr ~ 1.2 in central
regions down to log Xspr ~ 0 at ~ 3 R_.EFF. Blue galaxies in groups show once more a break in
the tendency at ~ 2.5 R_EFF, where the intensity of the SFR suddenly starts to increase. As argued
before, this is likely caused by a single point with a higher mass.

If we compare our results with the literature, we find and overall good agreement. Results by
Gonzélez Delgado et al. (2016) suggest that these profiles depend more on the morphology of the

galaxy than on its mass. In that work, the intensity of the SFR of spiral galaxies decreases from
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log Yspr =~ 2 in central regions down to log Yspr ~ 0.5 at ~ 3 R_.EFF. Meanwhile, elliptical and
lenticular galaxies show rather flat profiles around values of log >spr ~ 0. This results are similar
to our findings, althought there are two main differences: in general, we find lower intensities in
blue galaxies (compared to elliptical galaxies), and we do find an initial decrease in the intensity of
red galaxies that is only shown in the profiles of the most massive elliptical in the work by Gonzalez
Delgado et al. (2016), starting at log >.spr ~ 1, which is a higher intensity that what we find in
our results. This difference might be caused by the differences in the radial bin, this is, since our
ellipses are larger, they include more pixels with a lower intensity, which lowers the median value.
This is particularly relevant taking into account that values found by Gonzélez Delgado et al. (2016)
at ~ 0.7 R_EFF are closer to log Xspr ~ 1.5 for spiral galaxies, and that the profile is steep: the
difference along 1 R_EFF are of the order of 1 dex. If we compare our results with those found by
Bluck et al. (2020), we find that red galaxies are below their quiescent limit, and that blue galaxies
are compatible with the range of values found for star—forming galaxies (log YXspr ~ 1 in central
regions and log Xspr ~ 0 at 1.4 R_EFF. Results by Conrado et al. (2024) are highly compatible
with ours: their sample of spiral galaxies show values from log >spg ~ 1 at ~ 0.1 R_.EFF down
to log Xspr ~ 0.5 at ~ 2 R_EFF, an their sample of elliptical galaxies shows values in the range

log Ysrr ~ [0, 0.5], although they seem fatter.

The gradients of the intensity of the SFR (see right panel of Fig. 6.32) seem to be related to
the total mass. They increase with the total stellar mass from V log Yspr =~ —0.5 dex/R_EFF for
masses log M, < 9 [My)] up to V3gpr ~ —0.25 dex/R_EFF for masses log M, ~ 10 [M;], and
then it decreases more steeply (down to V log >spr ~ —1.25 dex/R_EFF for red galaxies in the
field with log M, > 11 [My]. Here, we find a larger difference in the median gradient of red
galaxies in the field and in groups, with flatter profiles for galaxies in the groups. However, taking
into account the uncertainties in the gradients and that these galaxies do not show any significant
star formation and that they are in the quiescent regime, this result is not clear to interpret. It is
also interesting to note that for galaxies with masses log M, > 10 [M] the dispersion in the values
of the gradients greatly increases. This can be interpreted as a consequence of galaxies starting to
enter in the quiescent regime, so the profile is less significant, since the values of the intensity of

the SFR only show that there is no significant star formation taken place.

We remark that the values of the gradients found for blue galaxies are compatible with those
found by Bluck et al. (2020) for central, star—forming galaxies (V log Yspr = —0.38 dex/R_EFF)
as well as the average for all star—forming galaxies (V log YXspg = —0.44 dex/R_EFF). Our re-
sults are also compatible with the gradients found for galaxies in the green valley, all for cen-
trals (VlogYspr ~ —0.24 dex/R_EFF) satellites (V log ¥spr ~ —0.43 dex/R_EFF) and the
average (VlogYsrr ~ —0.28 dex/R_EFF), but the gradient found for star—forming satellites
(VlogXsrr ~ —0.65 dex/R_EFF) is only compatible with our results for galaxies with mass
log M, > 10 [Mg).
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Fig. 6.33 Radial profile and internal gradients of the sSFR by galaxy colour and environment. Red
colours indicate red galaxies in the field. Orange colours represent red galaxies in the field. Blue
colours represent blue galaxies in the field. Cyan colours represent blue galaxies in groups. Left
panel: Radial profile of the mass surface density. Dashed lines represent the median value in the
radius bin. Colour shade represent the error of the median. Single points represent bins where
only one region was left after the S/N cleaning. Right panel: internal gradients of the mass surface
density as a function of the total stellar mass. Circles represent the values of each galaxy. Stars
represent the median value for each mass bin.

6.4.4.7 Specific star formation rate

The radial profiles of the sSFR (see Fig. 6.33) are analogous to those found for the intensity of
the SFR. We find a clear bimodality that divides galaxies into red and blue. The sSFR slightly
increases with the distance to the galactic centre for red galaxies in the groups and in the field.
Both types of galaxies overlap within the uncertainties of the median along all the profile. Values
increase from logsSFR ~ —3 in the central regions up to logsSFR ~ —2 at 4 R_EFF for red
galaxies in the field and logsSFR ~ —2.5 at 2.5 R_EFF for red galaxies in groups. This is the
same profile found by Gonzélez Delgado et al. (2016) for elliptical an lenticular galaxies, over the
same range of values. Profiles found by Abdurro’uf et al. (2023) for quiescent galaxies are also
very similar to ours, particularly those for masses log M, > 10.5 [M]. These galaxies remain
below the log sSFR = —1 threshold established by Peng et al. (2010) to segregate galaxies into
active and quiescent. The differences between environments are again negligible for red galaxies.
The range of values found by Conrado et al. (2024) for their sample of elliptical galaxies is similar
to our results, log sSFR = [—3, 2], although their gradients seems steeper.

Blue galaxies in the field show a rather flat profile at log sSFR =~ —0.85, while the profile of
blue galaxies in groups increase from logsSFR ~ —1 in central regions up to logsSFR ~ 0 at
4 R_EFF. However, taking into account the effects seen in other properties caused by the single
point in the last radial bin, this increase could in reality be much flatter. Blue galaxies both in

the field and in groups are active according to the logsSFR = —1 threshold established by Peng
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et al. (2010) The sSFR of blue galaxies in the field seems to be slightly larger than the sSFR
of blue galaxies in groups. This could be an indicator of the quenching of blue galaxies in the
groups. However, we must consider that due to the limited size of our sample, the statistical
significance of this difference needs to be improved, particularly given the small difference shown
once we take into account the uncertainty intervals. Also, the mass distribution of the mass blue
galaxies in groups and field is not exactly the same (field galaxies show galaxies with a lower
mass, see Fig. 6.16), which can also be a consequence of our limited sample. Therefore, more
data is required to confirm this hints about the possible effect of the environment. This also holds
truth for the differences observed in the ages and the colour profiles. Profiles found for the sSFR
by Gonzélez Delgado et al. (2016) depend on the morphology of the galaxy, and some spirals are
shown to be below the quiescent limit. However, our profiles for the blue galaxies are almost
identical to those found by Gonzélez Delgado et al. (2016) for Sc and Sd galaxies. Radial profiles
found for star—forming galaxies and galaxies in the green valley by Abdurro’uf et al. (2023) are also
compatible with our results, with faintly increasing profiles over a similar range of values. However
the sample of spiral galaxies from Conrado et al. (2024) shows quenched values (log sSFR < —1)
in inner regions, but become star forming at 0.7 R_EFF for low mass spirals and at 1 R_EFF for
high mass spirals. Points where their profiles become flatter and compatible with our results.

The sSFR gradients are positive for almost all galaxies, but show a similar relation with the
mass to the one found for the intensity of the SFR, this is, the gradients seem to increase with
the total stellar mass from VlogsSFR =~ 0 dex/R_EFF for masses log M, < 9 [Mg] up to
logsSFR ~ 0.4 dex/R_EFF for masses log M, ~ 10 [M_], and then it decreases more steeply
down to VlogsSFR ~ —0.1 dex/R_EFF for red galaxies in the field with log M, ~ 11 [M)].
Similarly to the gradients of the intensity of the SFR, the dispersion increases notable for masses
log M, > 10.5 [M;)], where quiescent galaxies begin to dominate and the profile becomes less
significant by itself. We mostly find positive gradients, which favour an inside-out quenching sce-

nario.

6.4.5 Emission lines

In this section, we study the main predictions of the ANN for the regions we have obtained with our
methodology. We use the homogeneous rings segmentation for the same reasons as in the previous
section, this is, in order to prevent higher resolution galaxies from dominating the radial profiles
and mass density-colour diagrams. The radial profiles of the predicted equivalent width of Ha, Hf,
[NII], and [OIII], as well as the ratios [NII]/Ha and [OIII]/H/3, which are the ones used to build

the BPT diagrams and separate star—forming galaxies and galaxies hosting and AGN.

6.4.5.1 Line emission of the regions

We start our analysis by studying the distribution of the values of the values of the EW and ratios

of the line emission of the regions of the galaxies in our sample, divided by their colour and their
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environment (see Fig.6.34). We find that that the EW (Ha) of red galaxies, in the field and in groups
is very low (< 10 A). However, blue galaxies show a larger range of values, and their emission is
generally much higher than that of red galaxies: the EW(Ha) of blue galaxies in groups ranges
from a few A up to ~ 30 A, and the emission of blue galaxies in the field ranges from a few A
up to almost ~ 75 A, with a peak of the distribution at ~ 20 A. We find no notable effect of the
environment in red galaxies, and the differences in the distributions of blue galaxies can be due
to the different size of the samples. This distribution of the properties can be expected when the
relation between the mass and the EW (Ha) is taken into account (see e. g. Fumagalli et al., 2012;
Sobral et al., 2014; Khostovan et al., 2021). Additionally, EW(Hea) can be used as a tracer of the
SFR (Kennicutt, 1998; Kennicutt and Evans, 2012; Marmol-Queralto et al., 2016; Khostovan et al.,
2021), so it can be expected that the regions of blue galaxies show higher values of EW (Ha), since
these galaxies are usually star—forming (see e.g. Peng et al., 2010; Bluck et al., 2014) and we have
already shown with our analysis that their regions indeed have higher intensities of the SFR.

The distribution of the EW (Hf) shows similar results: red galaxies in groups and in the field do
not show strong emission (EW(Hp) = [0, 3] A) but blue galaxies do. The values of blue galaxies
in groups range from EW(HS3) = 0 A up to EW(Hp) ~ 10 A, while blue galaxies in the field
show values in the range EW(H3) = [0, 17] A, peaking at EW(Hp) = 5 A.

Results for the EW([NII]) are slightly different. Red galaxies still show low values of the
emission, but there is a greater number of regions with EW([NII]) > 0 A. Values of EW([NII])
range from 0 A up to ~ 15 A, peaking at ~ 15 A. We note that, due to the width of the filters,
the observed emission of Ha and [NII] always falls in the same filter, which can lead to some de-
generacies in the estimation of the EW of both lines (Martinez-Solaeche et al., 2021) and some of
these values could be compensating small variations in the relative flux of the filters, with a predic-
tion of low Ha. Values of EW ([NII]) for blue galaxies are generally higher, spanning a range from
EW(INII]) ~ 1 A up to EW([NII]) = 10 A for blue galaxies in groups and from EW (|NII]) ~ 0 A
up to EW([NII]) = 15 A for blue galaxies in the field, both peaking at EW([NII]) ~ 5 A.

The values of the EW ([OI11]) are also notably lower for red galaxies (EW ([OII1]) =~ [0, 10] A
for red galaxies in the field and in groups) than for blue galaxies (EW ([OIII]) ~ [0, 20] A for blue
galaxies in groups, EW([OIII]) = [0, 60] A for blue galaxies in the field).

Results for the [NII|/Ha ratio is higher for red galaxies ([NII|/Ha = [0,4] for both red
galaxies in the field and in groups, peaking at [NII]/Ha = 1) than for blue galaxies ([NII]/Ho =~
0, 1] for both galaxies in groups and in the field). Even though these ratios can also be unprecise
when the estimation of the EWs are low. However, we note that in the WHAN diagram (Cid
Fernandes et al., 2010, 2011), star—forming galaxies are found in the areas of lower [NII]/Ha, as
we find here for blue galxies.

The distribution of the [OIII] /H} ratio is not very different for blue and red galaxies, may they
be in groups or in the field. Most values are within the range [OIII]/H/S = [0, 5], with a slight tail
for red galaxies in groups with values of up to [OIII]/HS = 7.5. This ratio can also suffer from

inaccuracies due to almost null estimations of the values of the EW. However, we note that in the
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Fig. 6.34 Histograms of the EW and ratios of the line emission of the regions of our sample of
galaxies, by colour and environment. From left to right, up to bottom: EW(Ha), EW(Hp),
EW([NII]), EW([OI1I}), [NII]/He, [OIII]/HB. Red histograms represents red galaxies in the
field. Orange histogram represents red galaxies in groups. Blue histograms represent blue galaxies
in the field. Cyan histograms represent blue galaxies in groups
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BPT diagram (Baldwin et al., 1981), galaxies with higher ratios are more likely to be classified as
AGN hosts.

The mass density-colour diagram (see Fig. 6.35) offers a clear interpretation, since the equiva-
lent widths and the line ratios show a clear distribution in the diagram. There is a strong correlation
with the colour, particularly for the EW of Ha and HS. This can be partly due to the fact that
the ANN are trained with colours, but there is also evidence of relation of emission and blue/red
galaxies (see e.g. Martinez-Solaeche et al., 2022, and references therein). However, the correlation
with the stellar mass density must not be depreciated.

We find the equivalent width of the emission increases in blue, low stellar mass surface density
regions. However, in these regions we also find the largest variability of the values. Using the same
arguments about the mass density as proxy of the distance to the centre as before, these regions
are in general the outermost parts of blue galaxies. The variability can be expected, since not
all galaxies show the same emission, and extreme emission line galaxies exist (see e.g. Iglesias-
Paramo et al., 2022; Martinez-Solaeche et al., 2022, and references therein). Oh the other hand,
as region become redder, particularly those of higher density, the equivalent width of the lines
decreases notably. These regions are generally the innermost parts of red galaxies, which are known
to be generally quiescent and show very low values of the EW. The equivalent width of [OIII]
however, is only noticeable in the lowest density blue regions, and becomes negligible quickly.
However, we have already pointed that our estimation of the [OIII] is the most uncertain one.

The ratios of the lines present quite the opposite behaviour in comparison to equivalent widths.
We find the lowest values of the [NII|/Ha are clearly found on the blue low-mass density , while
higher values of the ratio are found in the redder and mass-denser regions. It is also in the redder
and mass-denser regions where we find the largest dispersion of values. This makes sense, since
we would expect blue regions to be in the star—forming part of the WHAN and BPT diagrams,
while red regions should be more likely to be in the LINER or retired parts of these diagrams. In
the WHAN diagram, the star—forming region are those of lower [NII] /Ha ratio, while in the BPT
diagram galaxies with a lower [NII]/Ha ratio require a higher [OIII]/Hf in order to be classified
as AGN hosts instead of star—forming regions. Also, denser regions are expected to be the nucleus
of the galaxy (where the AGN effect should be more prominent), and it is in said regions where
we find the largest values of the ratio. A similar argumentation can be made with the BPT diagram
and the [OIII]/Hp ratio. This ratio shows a larger dispersion in our mass-density-colour regions.
On the one hand, this value is predicted more poorly. On the other hand, its relation with red and

blue galaxies is more flexible in the BPT diagram, due to its relation with the other ratio.

6.4.5.2 WHAN and BPT diagrams

In order to check if this arguments are seen in the actual WHAN and BPT diagrams, we also plot
them using our regions obtained with the homogeneous ring segmentation (see Fig. 6.36). Here

we can confirm our previous speculations. The regions of blue galaxies are generally placed in the
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Fig. 6.35 Colour-mass density diagram coloured by the main stellar population properties. From
left to right, up to bottom: EW(Ha), EW(H3), EW([NII]), EW([OILL]), [NII]/He, [OIII] /HpS.
Red histograms represents red galaxies in the field. Orange histogram represents red galaxies in
groups. Blue histograms represent blue galaxies in the field. Cyan histograms represent blue
galaxies in groups
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Fig. 6.36 WHAN (left panel) and BPT (right panel) diagrams of the regions of the spatially resolved
galaxies in miniJPAS. Red points represent red galaxies in the field. Orange points represent red
galaxies in groups. Blue points represent blue galaxies in the field. Cyan points represent blue
galaxies in groups.

star—forming region of blue diagrams, with some of them showing a “composite” behaviour in the
sense that they are found between the Kauffmann et al. (2003a) and the Kewley et al. (2001) lines.
Very few of these regions appear in the LINER region of the diagrams, and we find only one point
in the WHAN diagram and three in the BPT that might be classified as Seyfert. On the other hand,
regions of red galaxies are mainly found in the LiNER and retired regions of the WHAN diagram,
while in the BPT diagram these regions are mostly found in the "composite” region, with a higher
number of regions classified as Seyferts. Here, we note the poor precision of our estimation of the
[OIII] /H/3 ratio. We can not separate galaxies in groups from galaxies in the field. In summary,

we found that our results regarding the emission lines are self consistent.

6.4.5.3 Radial profiles of the emission lines

The radial profiles of the equivalent widths and ratios (see Fig. 6.37) are hard to interpret. We find a
similar behaviour of the profiles for the equivalent widths of Ho, H/3, and [NII]. Red galaxies, both
in groups and in the field, show flat profiles compatible with the absence of emission. On the other
hand, blue galaxies profiles show emission at most distances to the centre. This is accordance with
the known integrated properties of red and blue galaxies, this is, red galaxy are usually quiescent
and show no intense emission lines, while blue galaxies are usually star—forming and can show
strong emission lines, particularly Ho, which is very related to the star formation (Kennicutt, 1998;
Kennicutt and Evans, 2012; Marmol-Queralt6 et al., 2016; Khostovan et al., 2021). There might
be a difference among blue galaxies in the field and blue galaxies in groups, since the profile of

blue galaxies in groups appears to be flatter, while the emission seems to grow towards the outer
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Fig. 6.37 Radial profiles of EW and emission line ratios. From left to right, up to bottom: EW(He),
EW(HS), EW(NII]), EW([OIII]), [NII] /He, [OIII] /HS. Red colours indicate red galaxies in the
field. Orange colours represent red galaxies in the field. Blue colours represent blue galaxies in
the field. Cyan colours represent blue galaxies in groups. Left panel: Radial profile of the mass
surface density. Dashed lines represent the median value in the radius bin. Colour shade represent
the error of the median. Single points represent bins where only one region was left after the S/N
cleaning

141



regions of the galaxy for blue galaxies in the field, up to ~ 2 R_EFF, where the emission drops
drastically. This drop could be real, due to the galaxy becoming very dim and reaching the limits
of the galaxy, or it could be actually be a consequence of the S/N ratio of this outer regions. The
growth in emission is steeper for Ha, then for Hf and is flatter for [NIII]. A possible explanation
is that He is usually on the most intense emission lines in galaxies (we do indeed find larger values
of its equivalent width than for any other emission line). This allows for a larger variation along
the galaxy.

However, the radial profiles of [OIII] are very hard to interpret. The uncertainty interval of the
blue galaxies in the field is really wide, giving a rather flat profile. The emissions of blue galaxies
in groups seem to grow steeply up to ~ 2 R_EFF, and then decreases fast. The same doubt as
in the previous emission lines arises for this phenomena, as well as the fact that we know that
the last point consist of a single galaxy region. The values of red galaxies for this emission line
appear to grow slightly toward outer areas, but given the low values of the equivalent widths and
the uncertainty intervals, it is not possible to confidently affirm so. We also note that the ANN
find it harder to predict the values of [OIII] when there is little emission (Martinez-Solaeche et al.,
2021).

The profiles of the ratios of the lines show the opposite behaviour than the emissions lines: they
are higher for red galaxies than for blue galaxies. This makes sense if we take into account that both
the BPT diagram and the WHAN diagram define their regions for star—forming as where the values
of the [NII]/Ha ratio (and [OIII]/Hp too in the BPT) are lower. Red and blue galaxies are well
differentiated (although the values are more similar for the [OIII]/H/5 ratio), and it is not possible
to see any effect of the environment. The profiles of [NII]/He are rather flat, while the profiles of
[OIII)/H/3 seem to grow towards outer regions of the galaxy for red galaxies and blue galaxies in

groups, while it seems to decrease for blue galaxies in the field. This seems to be consequence of
the EW of [OIII], so it may be unreal.

6.4.6 SFH

We finish our section of results by studying the SFH of the galaxies. For this section, we shall use
the inside-out segmentation, in order to compare the SFH of the inner and outer regions. We study
two parameters: T80, which is the loockback time at which the galaxy has formed 80 % of its
stellar mass (taking into account the mass loss due to stars reaching the end of their lifetime); and
AT which is how long it took for the galaxy to form 80 % of its total mass. This second parameter
takes into account when the galaxy did start forming stars. We show this parameters as a function
of the total stellar mass, colour coded by the colour of the galaxy and its environment, in Figs. 6.38
and 6.39, respectively.

We find that T80 has a strong correlation with the mass. Red, more massive galaxies show
higher values of these parameter, both inside and outside the galaxy, which indicates that these

galaxies formed their galaxies in earlier cosmological epochs. The values are similar for both inner
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Fig. 6.38 T80 vs galaxy total mass. Left panel shows values for the inner region. Right panel
shows the values for the outer region. Red points represent red galaxies in the field. Orange points
represent red galaxies in groups. Blue points represent blue galaxies in the field. Cyan points
represent blue galaxies in groups. Stars represent the median value for each type of galaxy in each
stellar mass bin.

and outer regions. This means that both regions were formed at similar times, given the precision of
our stellar model base. On the other hand, blue galaxies show lower values, which would indicate a
formation time closer to the present. For these galaxies, we find a larger dispersion in the values of
the inner regions, which also show values generally larger. The interpretation of this result would
suggest that blue galaxies have former their inner parts, possibly bulges, earlier than their outer
parts, this is, and inside-out growth model, as observed in many works (see e.g. Mufioz-Mateos
et al., 2007; Pérez et al., 2013; Sanchez-Blazquez et al., 2014; Ibarra-Medel et al., 2016; Zheng
et al., 2017).

The AT also shows a strong correlation with the mass in the inner and outer parts of the
galaxy. Red galaxies show smaller values, indicating a faster formation process, both in inner and
outer regions. It is known that red galaxies are required to follow a faster evolutionary track in
order to be able to become red, according to the current galaxy formation and evolution models
(see e.g. Bell et al., 2004; Faber et al., 2007; Muzzin et al., 2013). On the other hand blue galaxies
shows longer formation times, which are consistent with this galaxies still showing blue stars that
contribute to their colour. The formation time of both regions is generally similar, although inner
parts seem to show a larger dispersion towards smaller values. This would indicate, as the previous
case, that inner parts formed slightly faster than outer parts.

Our results are, in summary, consistent with those of the literature concerning the formation and
evolution of red and blue galaxies and with an inside-out formation model. However, we find no
significant difference between galaxies in groups and in the field. The environment could have been
expected to have an impact in the formation and evolution time of the galaxy through processes

such as ram pressure stripping, (Gunn and Gott, 1972), tidal stripping (Malumuth and Richstone,
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Fig. 6.39 AT vs galaxy total mass. Left panel shows values for the inner region. Right panel
shows the values for the outer region. Red points represent red galaxies in the field. Orange points
represent red galaxies in groups. Blue points represent blue galaxies in the field. Cyan points
represent blue galaxies in groups. Stars represent the median value for each type of galaxy in each
stellar mass bin.

1984), or harassment (Moore et al., 1996). Nonetheless, the size of our sample is limited and a

larger amount of data might show some differences with a greater statistical significance.

6.5 Discussion

Throughout this chapter, we have found radial profiles and gradients of the stellar population prop-
erties that are in agreement with the literature, particularly (but not restricted to) the works by
Gonzélez Delgado et al. (2014, 2015, 2017); San Roman et al. (2018); Bluck et al. (2020); Parikh
et al. (2021) and Abdurro’uf et al. (2023), and we are somehow reproducing the integrated proper-
ties of red and blue galaxies (red galaxies are more massive, redder, metal richer, and have a lower
intensity of the SFR and sSFR) in an smaller scale. The profiles show clear differences between red
and blue galaxies, but no significant difference between galaxies in the field and in groups. We note
here that we are limited by several factors. The first one and probably the most important one, our
sample of galaxies is quite small. The results themselves for each galaxy are trustworthy because
of our selection and because of the proofs performed in Sect. 6.4.2, but their statistical significance
will be improved once more data are available. Another factor is that our selection of galaxies
is limited to groups, which usually have lower masses than clusters. This is important because
the efficiency of several environment related process increases with the mass of group or cluster
(Alonso et al., 2012; Raj et al., 2019). Related to this point, in Gonzalez Delgado et al. (2022) we
found differences between the integrated properties of galaxies in groups and in the field, but many
of them due to the fraction of red and blue galaxies, and the properties of galaxies with the same

mass and colour also showed similar properties, regardless of their environment, similarly to the
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Fig. 6.40 Radial profiles of the stellar population properties, divided by mass bins. From left to
right, up to bottom: stellar mass surface density, mass-weighted age, luminosity-weighted age,
extinction, stellar metallicity, (u — 1)y colour, intensity of the star formation rate and sSFR. Dif-
ferent colours represent mass bins. Bluer colours represent lower mass bins and redder colours
represent higher mass bins. The mass bins used are M, = [10% 10%°] M, [10%5,10'] M,
(100, 10%%5] M, [10'%5, 10" My, and [10'*,10'%] M. Dashed lines represent the median value
in each mass bin, shades represent the error of the median and single points represent radius bins
with only one region.
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results found here. Lastly, the resolution of the binning of the galaxy affects the profile: a worse
spatial resolution provides a flatter profile. Therefore, we may be able to provide profiles with bet-
ter resolution showing more significant differences in the future, when data of galaxies with larger

apparent sizes is available.

In general, we find that, because of the mass, red and blue galaxies are mostly well separated.
However, similarly to the case of the radial profiles, we can’t see any differences between galaxies
in groups and field. Regarding the results related to the gradients of the stellar population prop-
erties, the two galaxies in our sample with mass below 107 M, are separated from the rest and,

taking them as particular cases, we can find some tendencies in the gradients with the mass.

Concerning the role of environment on galaxy evolution, it is common to compare it to the role
of the stellar mass, as reflected by the division of the quenching process into mass quenching and
environmental quenching (see e.g. Peng et al., 2010; Ilbert et al., 2013). In fact, the radial profiles
of the stellar population properties studied by Gonzalez Delgado et al. (2015) show a dependence
not only on the morphological type of the galaxy, but also on its total stellar mass, as well as the
galaxies studied by Conrado et al. (2024). Furthermore, the work by Zibetti and Gallazzi (2022)
points to the stellar mass both as local and global driver of the evolution of galaxies. For this reason
we decide to include the radial profiles of the stellar population properties previously studied, but

divided in mass bins (see Fig. 6.40).

We find that for most properties, the values of the properties are well differentiated by mass at
all distances. In particular, the stellar mass surface density is always higher for massive galaxies
than for low mass galaxies, and massive galaxies are also older, more metal rich, redder at all
distances than low mass galaxies. Additionally, the profiles of the sSFR also show clear offsets
with mass, where low mass galaxies have significantly higher sSFR than massive galaxies. The
most notable exception is the extinction, which shows similar profiles for all masses. On the other
hand, the radial profiles of the instenisty of the SFR are almost bimodal, with galaxies in the range
M, = [108,10'%5] M, showing compatible profiles within the uncertainty intervals, but still clearly
differentiated from galaxies with masses larger than 10'%° M. These results show that the mass
does indeed play a very relevant role in the determination of the local properties of galaxies, as

found in the aforementioned works.

However, we also point that the mass of our groups may be too low for the environment to
produce any significant effect in our spatially resolved galaxies. Indeed, the mass of the groups
in miniJPAS is very low in comparison to massive clusters, as shown by Gonzalez Delgado et al.
(2022). In that work, we showed how the quenched fraction excess of galaxies was significantly
higher for the cluster mJPC2470-1771 than for low mass groups. Therefore, we may see more
significant effects in the properties of the spatially resolved galaxies in groups and clusters with

higher mass in the future data releases of miniJPAS.
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6.6 Summary and conclussions

We have applied our tool, Py2DJPAS, to the spatially resolved galaxies from the miniJPAS survey
in order to study the effect of the environment in the properties of the sptaially resolved galaxies.
We have selected a total of 51 galaxies, from which 15 are red and in the field, 9 are red and are in
a groups, 21 are blue and in the field, and 6 are blue in a group. We have checked the observational
and the integrated properties of the sample, checking that red galaxies in the field and in groups
are comparable between them, as well as blue galaxies in the field and in groups, but we must take
into account that the sample of blue galaxies in the groups is biased towards higher masses. We
have also check that this sample of galaxies verifies well known integrated relations, such ass the
mass—age and mass—metallicity relations and the star-forming mains sequence.

In the spatially resolved analysis, we have mainly used elliptical rings of semi-major axis the
size of the FWHM of the worst PSF for wach galaxy, and elliptical rings of 0.7 R_EFF. We have
checked the residuals of our SED-fitting, finding that they are below the 5 % relative error in flux,
with no significant bias for athe filters, as long as the S/N ratio is higher than 5. We also find
that errors are generally well estimated in this regime, or slightly overestimated. After studying
the relation of the S/N and the surface brightness of the regions, we decide to remove from our
analysis those regions with a median S/N < 5 in the filters with \;,x < 5000 A. We have then
studied the properties of these regions (first, stellar popoulation properties, then, line emission),
using a mass density—colour diagram and their radial profiles and gradients. Lastly, we compare
the SFH inside-out of galaxies, using elliptical rings defined from the centre up to 0.7 R_EFF for

inner regions, and from 0.7 R_EFF to 2.5 R_EFF. Our main conclusions are:

* Our tool, Py2DJPAS, provides solid magnitude measurements that offer reliable galaxy

properties.

* The properties of the regions are distributed clearly in the mass density-colour diagrams,
similarly to the integrated mass-colour diagram. We find that redder, denser regions are
usually older, more metal rich, and show lower values of the X.gpr and sSFR (they are more
quiescent) than bluer, less dense regions. The highest value of the extinction Ay are found
in blue, dense regions, as well as some of the most metal rich regions. The regions of red

and blue galaxies remain clearly separated in this diagrams.

* We are able to reproduce the local star formation main sequence found in other works, such
as Gonzélez Delgado et al. (2016), which implies a thight relation between the >gpr or sSSFR

and the mass surface density.

» Radial profiles of the stellar population properties. The radial profiles of the properties of
the galaxies that we obtain are compatible with an extensive literature, such as Gonzalez
Delgado et al. (2014, 2015, 2016); Bluck et al. (2020); Abdurro’uf et al. (2023); Conrado
et al. (2024). The profiles of the red and blue galaxies are clearly different, but we do not
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find any remarkable effect of the environment. The gradients of these properties do, in fact,

depended more on the total stellar mass of the galaxy.

Emission lines. We find that the EW of the emission lines predicted using the ANN from
Martinez-Solaeche et al. (2021) also are clearly distributed in the mass density—colour dia-
grams, with the highest EW generally found in the lowest density, bluest regions. The ration
of [NII]/He is also clearly distributed in this diagram, with the highest ratio found in the
reddest and densest regions. radial profiles hard to determine. Diagrams are useful. The dis-
tribution of the regions in the WHAN and BPT diagrams show that regions of blue galaxies
are generally star-forming, and regions of red galaxies are generally classified as LINER or
retired. The radial profiles of Ha and HS seem to increase towards outer regions of blue
galaxies, but are flat for red galaxies. The profiles of [NII] and [OIII], as well as the profiles

of the ratios, are mostly flat for all galaxies.

The comparison of the SFH of the inner and outer regions suggests and inside-outside for-

mation scenario.

We find that in general, the properties of the regions of red and blue galaxies well distin-
guished, but that there is no significant effect of the environment in the properties of these

regions.
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CHAPTER 7

The galaxy populations of mJPC2470-1771, the largest cluster in miniJPAS

Chapter based on the article published in Astronomy and Astrophysics by J. E. Rodriguez-Martin
et al., volume 666, id.A160, 24 pp. DOI: 10.1051/0004-6361/202243245

The Javalambre-Physics of the Accelerating Universe Astrophysical Survey (J-PAS) is a pho-
tometric survey that is poised to scan several thousands of square degrees of the sky. It will use 54
narrow-band filters, combining the benefits of low-resolution spectra and photometry. Its offshoot,
miniJPAS, is a I deg® survey that uses J-PAS filter system with the Pathfinder camera. In this work,
we study mJPC2470-1771, the most massive cluster detected in miniJPAS. We survey the stellar
population properties of the members, their star formation rates (SFR), star formation histories
(SFH), the emission line galaxy (ELG) population, spatial distribution of these properties, and the
ensuing effects of the environment. This work shows the power of J-PAS to study the role of envi-
ronment in galaxy evolution. We used a spectral energy distribution (SED) fitting code to derive the
stellar population properties of the galaxy members: stellar mass, extinction, metallicity, (u— 1) yes
and (u — 1)y colours, mass-weighted age, the SFH that is parametrised by a delayed-T model
(1, to), and SFRs. We used artificial neural networks for the identification of the ELG population
via the detection of the Ha, [NII], H{, and [OIIl] nebular emission. We used the Ew(Ho)-[NII]
(WHAN) and [OIll]/Ho-[NIlJ/Ho (BPT) diagrams to separate them into individual star-forming
galaxies and AGNs. We find that the fraction of red galaxies increases with the cluster-centric
radius; and at 0.5 Rygg the red and blue fractions are both equal. The redder, more metallic, and
more massive galaxies tend to be inside the central part of the cluster, whereas blue, less metallic,
and less massive galaxies are mainly located outside of the inner 0.5 Rogy. We selected 49 ELG,
with 65.3 % of the them likely to be star-forming galaxies, dominated by blue galaxies, and 24 %
likely to have an AGN (Seyfert or LINER galaxies). The rest are difficult to classify and are most
likely composite galaxies. These latter galaxies are red, and their abundance decreases with the
cluster-centric radius, in contrast, the fraction of star-forming galaxies increases outwards up to
Rogo. Our results are compatible with an scenario in which galaxy members were formed roughly
at the same epoch, but blue galaxies have had more recent star formation episodes, and they are
quenching out from within the cluster centre. The spatial distribution of red galaxies and their
properties suggest that they were quenched prior to the cluster accretion or an earlier cluster ac-
cretion epoch. AGN feedback or mass might also stand as an obstacle in the quenching of these

galaxies.
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7.1 Introduction

Galaxies in clusters interact with each other as well as with the intracluster medium through pro-
cesses such as ram-pressure stripping (Gunn and Gott, 1972), tidal stripping (Malumuth and Rich-
stone, 1984), or harassment (Moore et al., 1996). These processes affect the galaxies’ star for-
mation and evolutionary processes and can lead to a greater presence of massive galaxies in dense
environments and lower star formation rates (SFRs) in such regions (e.g. Lewis et al., 2002; Gémez
et al., 2003; Baldry et al., 2006). Galaxies in clusters are therefore a great laboratory for studying

the role of environment in galaxy evolution.

Certainly, interactions within galaxy clusters play a relevant role in the transformation of galax-
ies (Boselli and Gavazzi 2006). Since the pioneering work by Dressler (1980) it is well-known that
there is a morphology-density relation that may imply a connection between dense environments
and the transformation and evolution of galaxies. This relation shows that as local galaxy density
increases, so does the fraction of early-type galaxies, and the fraction of spirals decreases. Dressler
(1980) explains this relation as a reflection of the time scale of the formation of the disc of galax-
ies. This morphology-density relation has been confirmed by many works both at the levels of
the nearby universe (e.g. Cappellari et al., 2011; Fogarty et al., 2014) and at higher redshift (e.g.
Muzzin et al., 2012). This relation could be the result of galaxy-galaxy merging processes and
ram-pressure stripping, since these activities can lead to the formation of a spheroidal component,
resulting in the morphological transformation of late- to early-type galaxies (Boselli et al., 2008;
De Rijcke et al., 2010; Joshi et al., 2020; Peschken et al., 2020; Janz et al., 2021).

The effect of dense environments can be also seen in the properties of galaxy populations.
Density strongly affects the stellar mass distribution and, at fixed stellar mass, the star formation
rate and nuclear activity depend on the density as well, however, the structural parameters are
independent of the environment (Kauffmann et al., 2004). Balogh et al. (2004) showed that, at
fixed luminosity, the mean (u — r) colour of red and blue galaxies is almost independent of the
environment, but the fraction of red galaxies increases with density. These authors propose that
the transformations from blue to red must occur very rapidly (in this case, the process is known
as ‘quenching’) or at high redshift. Along this line, Bower et al. (1990) results also point out
that galaxies in denser environments are older on average, meaning that galaxies in denser envi-
ronments have had their star formation truncated at earlier epochs, as opposed to galaxies in less
dense environments. This age-density relation is also seen in red sequence galaxies in the work
by Cooper et al. (2010), showing also a weak correlation between metal-rich galaxies and denser
environments. This age-density relation is supported by several other works (e.g. Trager et al.,
2000; Thomas et al., 2005; Clemens et al., 2006; Bernardi et al., 2006; Smith et al., 2008)

Clusters, in particular those formed at more recent times, are also dynamically in-mature struc-
tures that have doubled their mass since z ~ 0.5 (Boylan-Kolchin et al., 2009; Gao et al., 2012).
The accretion times for z = 0 cluster members are quite extended, with ~ 20 % of them incorpo-

rated into the cluster halo more than 7 Gyr ago and ~ 20 % within the last 2 Gyr (Berrier et al.
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2009). Thus, the galaxy populations in clusters have evolved rapidly since z ~0.5, with the accre-
tion of star-forming galaxies into the cluster and their transformation into early-type red galaxies.

The so-called Butcher-Oemler effect (Butcher and Oemler, 1978, 1984) also reflects the evolu-
tionary nature of clusters. It shows that the fraction of blue galaxies is larger for clusters at higher
redshift (e.g. Balogh et al. 2000; Ellingson et al. 2001; Diaferio et al. 2001). Moreover, these stud-
ies have found that blue galaxies are mostly located outside the cluster cores and that the effect is
not significant for distances larger than 0.5 Rygo. In fact, passive galaxies are mainly located in the
virialised regions while the emission line galaxies are more common in the outskirts of the clusters
(Haines et al., 2012, 2015; Noble et al., 2013, 2016; Mercurio et al., 2021). In contrast, the Faint
Infrared Grism Survey (FIGS, Pirzkal et al., 2017) revealed that [OIII] emitters are more common
close to groups, but there is no evidence of a relation between SFR and local galaxy density (Pharo
et al., 2020).

Quenching is an important effect related not only to the environment, but also to the galaxy
mass. Peng et al. (2010) separated the effects of the mass and the environment in halting star
formation and they considered quenching as a combination of both effects (mass-quenching and
environment-quenching). Other works have also shown that certain processes that are in some
way related to the galaxy stellar mass can suppress the star formation in galaxies independently
of the environment (see e.g. Peng et al., 2012; Arcila-Osejo et al., 2019; Contini et al., 2020; Guo
et al., 2021). In fact, AGN feedback can play a relevant role by heating the infalling gas, thus
preventing further star formation in the galaxy (Di Matteo et al., 2005; Fabian, 2012; McNamara
and Nulsen, 2012), although this approach remains open for debate (Esposito et al., 2022; Wang
and Yang, 2022). The central velocity dispersion is correlated with the mass of the central black
hole of galaxies, so it is connected the AGN feedback and it has been shown to play a crucial role
in quenching (see e.g. Bluck et al., 2020; Brownson et al., 2022).

Some environmental processes can temporarily enhance the star formation due to the inflow
of gas toward the central part (e.g. galaxy-galaxy interactions) or the compression of the gas (e.g.
ram pressure stripping Joseph and Wright, 1985; Park and Hwang, 2009; Ellison et al., 2013;
Ruiz-Lara et al., 2020; Boselli et al., 2021; Mazzi et al., 2021; Lizée et al., 2021). Nevertheless,
these environment mechanisms eventually shut down the process of star formation by heating or
removing the gas from galaxies (Alatalo et al., 2015; Davies et al., 2015; Lisenfeld et al., 2017;
Joshi et al., 2019).

Alternatively, the halo mass is proposed as the main property that is causally linked to the rapid
shut down of the star formation (see e.g. Bluck et al., 2014; Woo et al., 2015; Montero-Dorta et al.,
2021) because the fraction of quenched galaxies is more correlated with the group or cluster halo
mass at a fixed M, than with M, at a fixed halo mass (Woo et al., 2013). A bimodality exists
in the specific star formation rates (sSFR, i.e. the ratio of the SFR to the stellar mass) of satel-
lite galaxies (those falling into denser haloes) and they are more likely to be quenched than field
galaxies (Wetzel et al., 2012). In addition, mass and environment quenching could be connected

to massive halos that heat the cold-accreted gas, thereby preventing further star formation (Dekel

151



and Birnboim, 2006). Furthermore, the quenching of satellites is correlated not only to halo-mass,
but it is also anticorrelated with regard to the group and cluster radial distance (Woo et al., 2013,
2017). Nonetheless, the IllustrisTNG simulations show that the dependence of the quenched galaxy
fraction with the cluster-centric radius is also a function of the mass of halos. Thus, although the
fraction of quenched low-mass satellites in less massive halos is higher closer to the centre, it is in-
dependent of the distance in massive halos (Donnari et al., 2021a). However, after several decades
of debate, the relevance of the different processes that can lead to the quenching of star formation
and the transformation of galaxies in clusters is not yet clear.

Photometric surveys with broad band filters, such as the Local Cluster Substructure Survey
(LoCuSS, Haines et al., 2015), the Advance Large Homogeneous Area Medium Band Redshift
Astronomical (ALHAMBRA Ascaso et al., 2015), the VIMOS Public Extragalactic Redshift Sur-
vey (VIPERS Haines et al., 2017), the Subaru Strategic Program with the Hyper Suprime-Cam
(HSC-SSP, Lin et al., 2017; Jian et al., 2018), and the Gemini Observations of Galaxies in Rich
Environments (GOGREEN McNab et al., 2021), have been essential in the detection and study of
galaxy clusters. Surveys with narrow band filters at specific wavelengths aimed at selecting emis-
sion lines (Lin et al., 2017; Koyama et al., 2018; Hayashi et al., 2020) and identifying infalling
galaxies in the outskirt of clusters (Kodama et al., 2004) have been very useful for identifying the
galaxy populations in clusters. However, these surveys could suffer from several problems related
to contamination from: 1) field interlopers due to the lack of precise redshifts for the galaxy cluster
membership; 2) dusty star-forming galaxies in the cluster red galaxy population due to the non-
correction of colours by extinction; 3) AGNs in the star-forming galaxy population. Furthermore,
the small FoV of some instruments, (e.g. with Tunable Filters, as in Sdnchez-Portal et al., 2015;
Rodriguez del Pino et al., 2017) hinders the observation of the whole cluster or beyond the cluster
centre.

The Javalambre-Physics of the Accelerating Universe Astrophysical Survey (J-PAS; Benitez
et al. 2009; Benitez et al. 2014) is poised to overcome the problems associated with broad and
narrow band photometric surveys. J-PAS will be a very powerful tool in detecting galaxy clusters
and providing new clues for the understanding of the role of dense environment in quenching star
formation in galaxies. J-PAS is a photometric survey that will scan thousands of square degrees of
the sky. With its 54 narrow-band filters (FWHM~ 145 A, with a difference of ~ 100 A between
the central wavelength of each one), plus two medium and four broadband filters, it will provide
data of a scope that is comparable to very-low-resolution spectroscopy (R ~ 60, AX ~ 100 A).

J-PAS is ideal for studies focused on the role of environment in galaxy evolution thanks to
its capability to detect galaxy clusters and groups (see Gonzélez Delgado et al., 2022). It will be
able to provide robust cluster or group detection based on accurate photometric redshifts (Hernédn-
Caballero et al., 2021).The sensitivity of the survey allows us to easily observe the whole galaxy
cluster memberships brighter than 22.5 in r band and to study the quenching as a function of
cluster-centric radius. J-PAS is ideal for SED fitting and for identifying and characterise the blue

and red galaxy populations (Gonzalez Delgado et al., 2021). Given its spectral coverage and resolu-
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tion, it is capable of identifying emission line objects and also measuring the lines Ha, [NII]\6584,
Hp, and [OIII]A5007 in clusters at z < 0.35 (Martinez-Solaeche et al., 2021, 2022). These lines
are relevant to discriminate between the AGN and star-forming (SF) populations and to study their
spatial distribution within the cluster.

At present, there is data available using the J-PAS photometric system: miniJPAS (Bonoli et al.,
2021). In this chapter, we identify the galaxy populations to study the variation of galaxy properties
as a function of the cluster-centric radius in the largest cluster detected in miniJPAS, mJPC2470-
1771. The ultimate goal is to demonstrate the capability and the power of J-PAS for investigating
the characterisation of galaxy populations in galaxy clusters, as well as the role of environment
in quenching the star formation. This will allow us to shed light on the processes responsible for
transforming blue and star-forming galaxies into red galaxies in this dense environments.

This chapter is structured as follows. In Sect. 7.2, we briefly summarise the miniJPAS obser-
vations and calibrations as well as the selection of the cluster members. In Sect. 7.3, we describe
the methods used to identify and study the stellar population properties of the galaxies and we
compare the results obtained with different photometries. In Sect. 7.4, we present the stellar pop-
ulation properties of these galaxy populations, we divide our ELG into star-forming (SF) galaxies
and galaxies with an active galactic nuclei (AGN), and we study the SFR of the cluster galaxies.
In Sect. 7.5, we discuss our results in terms of their spatial and radial distributions and in Sect. 7.6,
we summarise our results and present our conclusions.

Throughout this chapter, we assume a Lambda cold dark matter (ACDM) cosmology with
h = 0.674, Oy = 0.315, Q4 = 0.685, based on the latest results from Planck Collaboration et al.
(2020). This is the same cosmology used by Bonoli et al. (2021). We use the AB magnitude system
Oke and Gunn (1983). We use the standard notation M for the mass enclosed within a sphere of

radius R, within which the mean overdensity equals A x p.(z) at a particular redshift z; that is,
Ma = (47A/3)p.(2) RY.

7.2 Data: miniJPAS

7.2.1 Observations and calibration

The miniJPAS survey (Bonoli et al., 2021) is a 1 deg” imaging survey performed at the Observa-
torio Astrofisico de Javalambre, (OAJ, Cenarro et al., 2014b) using the 2.5m Javalambre Survey
Telescope (JST/T250, Cenarro et al. 2018b), which provides a good image quality along the optical
spectral range (3300—11000 A). The instrument used for the data acquisition is the JPAS-Pathfinder
camera. It has a single charge-coupled device (CCD) with 9.2k x 9.2k pixel. The resulting field of
view (FoV) is 0.27 deg” and the pixel scale is 0.23” pixel '. The survey consists of four pointings
along the AEGIS stripe (Davis et al., 2007).

One of the greatest strengths of J-PAS resides in its photometric system. It consists of 54
narrow-band (NB) filters with a full width at half maximum (FWHM) of 145 A spaced by 100 A,

covering the spectral range from 3780 A to 9100 A. There are two broader filters complementing
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Fig. 7.1 Galaxy members of mJPC2470-1771 in the sky plane. The colour bar indicates the AMICO
probability of being a member galaxy. The grey dashed line indicates the edge of the field of view
of miniJPAS. The black dashed circle indicates the value of Ryy. The white cross represents the
position of the BCG.
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Fig. 7.2 Observational properties of the galaxies in the cluster. First panel: Redshift (PHOTOZ )
distribution. The median (1) and standard deviation (o) of PHOTOZ are written in the figure. The
black dashed line represents the median of PHOTOZ. Second and third panels: Distributions of the
rgpss magnitude, and median S/N of the narrow-band filters. Fourth panel: Median MAG_PSFCOR
S/N in the narrow-band filters as a function of rspgg magnitude. Colour coding indicates the
probabilistic association given by AMICO.
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these NB ones: ujava, a medium band filter with FWHM of 495 A and centred at 3497 A and
J1007, a high-pass filter centred at 9316 A. This system provides low-resolution spectra (R ~ 60),
referred to as J-spectra, and allows us to detect, identify, and characterise the stellar population
properties of galaxies up to z ~ 1 (Gonzdlez Delgado et al., 2021). The filter system was originally
optimised to accurately measure photometric redshifts (photo-z) for cosmological studies (Benitez
et al., 2009; Benitez et al., 2014; Bonoli et al., 2021). In addition, four SSDS-like broadband filters
are included: ujpas, gspss, Tspss, and ispgs. In particular, rspgs is used as the reference detection
band for the miniJPAS ‘dual-mode’ catalogues. More information about the filter system can be
found in Marin-Franch et al. (2012) and Bonoli et al. (2021).

The area observed in miniJPAS overlaps with the AEGIS field, which is located in the north
galactic hemisphere with coordinates: (a, 9) = (215.00°, +53.00°). It is composed of four pointings
covering a total area of 1 deg?. The depth is deeper than 22 mag for filters with A < 7500 A and is
~ 22 mag for longer wavelengths. The data was processed by the Data Processing and Archiving
Unit (UPAD, Cristobal-Hornillos et al. 2014) at Centro de Estudios de Fisica del Cosmos de Aragén
(CEFCA). Further details on the different processes involved (the processing of single images,
the final coadded images, the PSF treatment, the photometry and its calibration, and the masks)
can be found in Bonoli et al. (2021). Nonetheless, the data used in this work was obtained with
SExtractor dual-mode (Bertin and Arnouts, 1996). The photometric calibration is an adaptation
of the methodology presented in Lopez-Sanjuan et al. (2019b). All the images and catalogues are
available through the CEFCA Web portal®, which also offers advanced tools for data searches,
visualisations, and data queries (see Civera and Hernandez, 2020, and a future paper is also

forthcoming; Civera et al., in prep.)

7.2.2 Identification of galaxy members

The reference code for the detection of galaxy clusters in this work is Adaptive Matched Identifier
of Clustered Objects (AMICO, Maturi et al. 2005a; Bellagamba et al. 2018), which is an algorithm
based on the optimal filtering technique (see e.g. Postman et al., 1996; Bellagamba et al., 2011,
2018). It uses a statistical description of the background noise and a template to characterise the
signal of the clusters. The signal is defined as the product of the template and an amplitude, plus
the noise component. It uses several inputs, mainly the galaxies’ sky positions, their magnitudes,
and their redshifts, to compute this amplitude and other parameters. Our parameter of interest is
the association probability assigned to each galaxy, which represents the probability of the galaxy
of being a member of the cluster. All the details and AMICO inputs used for making this catalogue
of galaxy clusters in miniJPAS are detailed in the work by Maturi et al. (2023), but a summary was
provided in Sect.3.3.

For this work, we use the results from AMICO when using the PHOTOZ (the redshift corre-
sponding to the maximum of the redshift probability density function, zPDF see Hernan-Caballero

'https://archive.cefca.es/catalogues
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Fig. 7.3 mJPC2470-1771 and J-spectra examples. Top panel: miniJPAS view of mJPC2470-1771.
Prominent red and blue galaxies in the cluster are marked with red and blue circles, respectively.
The BCG corresponds to 2470-1771, with an spectroscopic redshift of z = 0.289. Bottom panel:
MAG_PSFCOR J-spectra of three red galaxies (top row) and three blue galaxies (bottom row) that
are marked with circles in the top panel. The mean model fitted by BaySeAGal is plotted as black
points, and the grey band shows the magnitudes of the mean model + one ¢ uncertainty level. The
difference between the model and the best model fitted magnitudes are plotted as a small coloured
points around the black bottom line. Masked filter (white coloured circles) and filters overlapping
with the emission lines Hey, [NII], [OIII], HB, and [OII] (darker grey coloured circles) are not used
in the fit. Grey vertical dashed lines show the wavelengths corresponding to detectable emission

lines.
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et al. 2021). The choice of the redshift affects the galaxy members identified for the cluster, but for
our purpose (the identification and characterisation of the galaxy populations in mJPC2470-1771),
there are no significant differences (see Appendix A). We used this catalogue since it is based on
the same redshift as the one used for the SED-fitting analysis carried out by Gonzélez Delgado
et al. (2021) using BaySeAGal (see Sec. 7.3.1).

The cluster, mJPC2470-1771, was identified as the most massive in miniJPAS by Bonoli et al.
(2021). The redshift of the cluster is z = 0.29. In total, there are 99 objects (see Fig. 7.1) with
AMICO association probability higher than 0.5 and brighter than 22.5 in the » band. We identify
the brightest cluster galaxy (BCG) as the galaxy with the highest luminosity in the rgpgs and
the highest stellar mass. Its ID in the miniJPAS catalogue is 2470-1771 and its coordinates are
(ar,0) = (213.6254°, +51.9379°).

The catalogue of this cluster has been tested with the follow-up on Gemini/GMOS observation
of 38 galaxies with probabilistic association larger than 0.5 (Carrasco et al., in prep.). Two galaxies
failed to be classified by AMICO as members of the cluster, which have probabilities 0.58 and 0.62

in the catalogue. Therefore, we estimated that AMICO classification only fails in 5% of cases.

Using GMOS spectroscopy, we estimated that Ry % is 1304 kpc, and the halo mass is Mgy =
3.3 x 10 M. These estimates are based on the measurement of the velocity dispersion. The
measurement took all the observed members and applied the Clean routine from Mamon et al.
(2013) on it. This routine iteratively estimates the velocity dispersion and removes the outliers
based on the caustic profile. Velocity dispersion is estimated using MAD (Beers et al., 1990).
Using this value of Ryg9, we see that some members of the cluster may be outside of our observing
FoV (see Fig. 7.1).

In fact, assuming that galaxies are symmetrically distributed up to Rsyy, we estimated that nine
galaxies that are between 0.5 Ryyp and Rsyp may not be included in our observing FoV. These
galaxies represent only 12% of the sample; thus, any conclusion within Ry is robust. Outside
Ro00, the incompleteness could be higher, but it is difficult to evaluate, and could be up to ~20-
30% if the galaxy members show a circular symmetry. Thus, conclusions outside Rygy must be
taken with caution. In any case, extensive properties, such as the stellar mass surface density, are

corrected for this incompleteness.

The cluster has also been detected with other IDs, such as MaxBCG J213.62543+51.93786
(Koester et al., 2007), who found a detected richness of 19 (scaled richness 17); WHL
J141430.14515616 (Wen et al., 2012), who found a Ry of 1.2 Mpc, 30 objects inside 599, and
a richness of 34, or RM J141430.1+515616.5 (Rozo et al., 2015a,b). None of these works are
dedicated to a specific study of the properties of the galaxy members of this cluster; moreover, they
are incomplete in their detection memberships. Thus, our work is the first and almost complete (~
10% outside of the FOV) study inside Ryg for cluster memberships brighter than 22.5 (AB) in the
r-band.

2 Ryqo is the radius where the mean mass overdensity is 200 times the critical density at the cluster’s redshift.
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7.2.3 Observational properties of galaxy members

We have two different available photometries, MAG_AUTO and MAG_P SECOR. The first one is pro-
vided by SExt ractor and estimates the total flux of the galaxy using an adaptive scaled aperture
(see Bertin and Arnouts, 1996, and SExt ractor manual for further details.). Using the same
approach as Molino et al. (2019), MAG_PSFCOR is aimed at correcting for the differences in PSF
among different bands. It uses an aperture with the same shape as the Kron radius (smaller than
the one used by MAG_AUTO) to provide robust colours determination (see Bonoli et al., 2021, for
further details). Due to their different apertures and extraction procedures (Bonoli et al., 2021),
results between both may vary from one galaxy to another. In particular, MAG_AUTO uses a larger
aperture, so it may include outer regions of the galaxy in the integration process, which tend to
contain younger, blue stars. In fact, Gonzélez Delgado et al. (2021) compared the values of the
stellar population properties obtained fitting the data from MAG_AUTO and MAG_P SFCOR, finding
that the main difference is that, on average, masses are (.2 dex larger in MAG_AUTO and rest frame
colours are also bluer by —0.09 mag. Therefore, for our analysis, we used MAG_P SFCOR, given its
better signal-to-noise ratio (S/N). Its smaller aperture also allows for an improved detection of the
emission lines in the centre of the galaxies.

We first looked at the observational properties of the galaxies (see Fig. 7.2). The median
measured redshift of the cluster’s galaxies is z = 0.29, with a standard deviation of 0 = 0.02.
There are four galaxies with redshift greater than 0.35. We looked at the zPDF of the galaxies in
the galaxies in the cluster. These four galaxies are the only ones that show a multimodal distribution
with peaks of similar amplitude (more than ~ 50 % of the amplitude of the maximum peak). Due
to their zPDF and their PHOTOZ, we decided to remove these four galaxies from our analysis.

The distribution of rgpgs peaks at around ~ 21 mag and most galaxies are brighter than
22.5 mag. The number of galaxies in each bin steeply decreases with increasing median S/N,
but the peak of the distribution is close to 10. We see that brighter galaxies have a better S/N.
Although there are galaxies with different probability and brightness, most of the galaxies with
probability higher than ~ 0.8 have a magnitude brighter than 20 and a S/N higher than ~ 11. On
the other hand, galaxies with probability lower than ~ 0.6 have a S/N higher than ~ 10.

7.3 Identification of the galaxy populations

The purpose of this section is to identify the red (RG), blue (BG), and emission line (ELG) galaxies
in the cluster. First, we explain the method for retrieving the stellar population properties of the

galaxies based on the J-spectra fits. Then we describe the methods to identify ELGs.

7.3.1 J-spectra fits

We used BaySeAGal (de Amorim et al., in prep.), a parametric SED fitting code, to obtain the

stellar population properties from J-spectra. Bay SeAGal is an adaptation of the method developed
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by Lopez Fernandez et al. (2018) in order to use J-PAS magnitudes as input. The code generates
synthetic J-spectra from parametric SFH models. For a given observed J-spectra we performed a
Markov Chain Monte Carlo (MCMC) exploration of the parameter space, thus obtaining a sample
of parameters that approximates the probability density function (PDF) of the model. In this work
we assumed a delayed-7 model given by:

My _lo—t
](to—t)e -, (7.1)

P(t) =

72 [1 et (t;o + 1)
where ¢ is the look-back time, ¢ is the (look-back) time when the star formation began, 7 is a
measurement of how extended in time the star formation was, and M,,,; is the total mass of formed
stars. This model also includes stellar metallicity (Z) and dust attenuation (Ay-) which, combined
with stellar population model spectra and a foreground dust screen extinction curve, results in a set
of model J-spectra®. The complete set of parameters is (fo, 7, Ay, Z). We also obtained the stellar
mass (M,) from the scaling factor of the model with relation to the observed J-spectra. From these
parameters, we can calculate the mass-weighted and light-weighted ages and rest-frame colours.

We let 100 chains walk the parameter space for 2200 steps. The autocorrelation time* of the
chains for this model is around 120 steps, we discarded the first 1200 steps as a burn-in phase. In
the end, we got a total of 100,000 samples of the parameter space. For each galaxy, we took the
mean and standard deviation of the parameters and properties of the samples as an estimate of their
expected value and uncertainties.

Emission lines are not included in the models. Because some of the NBs can be affected by
strong contributions from the Balmer (Ha, HfJ) and optical collisionally-excited ([OIIT]JA5007,
4959, [OIIJA3727, [NII]JA6589, 6548) emission lines, we removed those bands where these lines
could be at the redshift of each galaxy from the fits. In this way, we ensure that the fit is done
only over the stellar continuum since the nebular continuum is negligible in most of the SF galax-
ies. Only objects with HII regions with very extreme emission lines (e.g. EW (Ha) ¢ 1000 A
Gonzalez-Delgado et al. (1994)) would be affected by this assumption. These galaxies are not
present in this sample.

A more detailed explanation of the method with a global study of the galaxies in the AEGIS
field can be found in Gonzélez Delgado et al. (2021). Since the data used in this chapter are a
subsample from Gonzdlez Delgado et al. (2021), the models are computed using the initial mass
function (IMF) by Chabrier (2003) and the latest versions of the Bruzual and Charlot (2003) stellar
population synthesis models (Plat et al., 2019). We chose the attenuation law by Calzetti et al.
(2000) which we added as a foreground screen. We also note that, unless stated otherwise, the term

‘mass’ refers to the stellar mass (M, ) derived by BaySeAGal.

3The stellar population spectra are preprocessed and converted to observed-frame magnitudes for a grid of redshifts,
using J-PAS filter curves.

4The assessment of autocorrelation time and convergence of the chains was performed in a small sample of J-
spectra. This is a fairly manual process, as with any MCMC convergence study. We consider the burn-in phase to be
over at around 5 X the autocorrelation time, which we assume is conservative enough.
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In Fig. 7.3, we show the J-spectra of six galaxies (three red and three blue) along with the fits
obtained with BaySeAGal. These galaxies are identified with red and blue circles in the top panel.
This serves as an example of the aspect of J-PAS data, the effectiveness of BaySeAGal and it also

manifests the capability of J-PAS to detect line emission (which will be exploited in Sect.7.3.3).

7.3.2 Identification of red and blue galaxies in the cluster

Throughout this chapter, we use two different colours: (u — 7),es and (u — 7). Both of them are
rest-frame colours derived from the star formation history obtained from the SED fitting (see Sect.
7.3.1), but the first one is not corrected from extinction while the second one is calculated including
the reddening correction in the synthetic SED.

The bimodal distribution of the AEGIS galaxy population is shown in the galaxy stellar mass-
colour diagram (Gonzélez Delgado et al., 2021). In this work, we show that (u — 7);, is more
useful than (u — r) to discriminate between the red star-forming and quiescent galaxies because it
accounts for the fraction of red star-forming galaxy population of the sample. We use an adaptation
of the criterion given by Diaz-Garcia et al. (2019a), previously been used by Gonzdlez Delgado
et al. (2021) to segregate the whole galaxy populations in miniJPAS in red and blue galaxies. We
consider galaxies to be red if:

(u—7)ine > 0.16(log(M,) — 10) — 0.254(z — 0.1) + 1.792, (7.2)

and blue otherwise.

7.3.3 ELG identification

As seen in Fig. 7.3, the J-spectra are capable of showing the line emission as excess flux in a given
filter. In this section, we describe two methods for classifying the galaxies as emitters or non-
emitters, with respect solely to the Ha emission. We applied the methods to the cluster catalogue

to characterise the emission line galaxy populations.

7.3.3.1 Median error method

This method is based on our J-PAS but also uses a prior based on the result from our SED fitting
code, since we distinguish between red and blue galaxies. The base idea is that when looking at the
filter that is sensible to the observed line wavelength, a galaxy that presents Ho (or Ha +[NII], as in
this method we cannot separate the emission of both lines) emission will show a lower magnitude
value in the observed J-spectra (mgps) than in the stellar continuum fit (mg;). However, it is not
enough to simply consider that mg; — meops > 0. We must establish a threshold value. A first
consideration to make is that the difference must be greater than the observed error. In order to
estimate the observed error of the fitted stellar continuum, we consider the median error in the

five filters closer to the band where Ha is, symmetrically distributed. If we only choose three
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Fig. 7.4 (u—r);y, histogram comparing the emission line galaxies selection criteria. The black line
shows the distribution of all the galaxies in the AMICO catalogue. Cyan histogram shows the dis-
tribution for the median error. Same for green but with the ANN method. Orange solid histogram
shows the distribution for the common galaxies for both methods. The different distributions have
been shifted a little bit in the plot to show more clearly the similarities and differences between
them.

161



filters, our estimation could be contaminated with other lines close to Ha, such as [SII]. Choosing
seven filters only changes the final set in one galaxy. Choosing more filters would mean estimating
the continuum too far from Hea, given the width of J-PAS filters. Besides, the blue galaxies in
our sample are noisier than red galaxies. The median S/N in the five closest filters to Ha at the
cluster redshift is almost three times better for red galaxies than for blue galaxies. We find that
the larger magnitude difference of the blue galaxies is not enough to compensate their worse S/N.
This implies that if the same threshold (three sigma) is applied, there will be a bias towards the
detection of less blue emission line galaxies. Lastly, we must take into account that due to the
uncertainties in the PHOTOZ determination, the filter with the closest central wavelength to the
calculated line wavelength might not be the one showing the line emission. This is a consequence
of our method being fine tuned to fit a set of galaxies observed with spectroscopy in the cluster area
(see Appendix B). Therefore, our method proceeds as follows. First, we find the closest filter to the
observed line wavelength. Then, we calculate the median error of that filter and the four adjacent
ones (symmetrically distributed) (€, ). Finally, we look at the closest filter, the previous and the
next one, and we classify the galaxy as an emission line galaxy if one of those filters satisfies the
following condition:

M — Mobs > 0 - N(€m,,.), (7.3)

where 6 = 1 for blue galaxies and § = 3 for red galaxies in order to account for their better S/N
in the filters closer to the Ha wavelength at the cluster redshift. These values of 6 were chosen
in order to account for this differences in the S/N ratio. They have been tested with the data from
GMOS spectroscopic observations of 13 galaxies with clear Ha emission in the spectra.

This method allows us to identify emission line galaxies in the cluster, but we do not use it to

estimate the fluxes of the lines; in this respect, the ANN method is more useful.

7.3.3.2 ANN

This method uses the equivalent width of Ho, EW(Ha) predictions made by Martinez-Solaeche
et al. (2021) ANN. In that work, two different ANNs are trained using synthetic photometry (in
the sense that real spectra are processed to obtain J-PAS magnitudes) obtained from the Calar
Alto Legacy Integral Field Area survey (CALIFA, Sanchez et al., 2012) and the Mapping nearby
Galaxies at Apache Point Observatory survey (MANGA, Bundy et al., 2015). One of the ANN
is trained to calculate the EW of Ha, H/3, [OIII], and [NII]. The other ANN is trained in order to
classify the galaxies into ELG and quiescent galaxies. The CALIFA and MANGA galaxies contain
millions of spaxels with different astrophysical conditions, which include regions with high and low
star-formation activity as well as variations in the gas-phase metallicity or the dust distribution.
Furthermore, CALIFA and MANGA survey contain galaxies in different environments (clusters,
groups and field) since they were selected to avoid environmental bias (Walcher et al., 2014; Wake
et al., 2017). Therefore, we do not expect our prediction to be unlikely in the cluster under study.

Nevertheless, by construction, our training set includes, on average, a smaller amount of spaxels
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ionized by the presence of AGN or shocks waves. In Martinez-Solaeche et al. (2021) we showed
that we do not miss a fraction of AGN larger than 3 % over the whole sample of galaxies used from
SDSS. This confirms that the transfer from the training sample to our current data is trustworthy.
As explained in Martinez-Solaeche et al. (2021), there is a minimum measurable EW for a
photometric filter. Therefore, the criteria we use is simply to consider the galaxy as an emission
line galaxy if the EW given by the ANN is greater than the minimum measurable EW, taking the

error bars into account. This is:

/

—S/N 1 < EWia,ow + € EEWnoann 0 EWnaann > €EEWhHan s

where A is the equivalent width of the filter and can be calculated as:

;[ AT(A)dA
A =ST00

where T is the normalised transmittance of the filter and A, is the observed emission line wave-

(7.4)

length. To compute the minimum measurable EW, we find the J-PAS filter with a central wave-
length closest to the observed Ha wavelength given the galaxy’s redshift. Since the minimum EW
is associated with a certain filter, the A’ and S/N parameters must be considered in the same filter
and it does not make any sense to consider a median value for any of them. Also, since we are
using the ANN predictions, here we can separate the Ha emission fom the [NII] emission.

This method is very useful not only for identifying emission line galaxies, but also to predict
the EW of Ha, H/3, [NII], and [OIII] lines, along with their respective ratios ([NII]/Ha, [OIII]/H}).
We are able to reach a precision in the log([NII]/Ha) of 0.09 dex for SF galaxies and average S/N
~10 in the J-spectra. This is independent of the redshift of the galaxies as we prove in (Martinez-
Solaeche et al., 2021), where we tested our results with a sample of SDSS galaxies within the
redhisft range of 0 < z < 0.35.

7.3.3.3 ELG final set

We then applied both methods to all the galaxies in the cluster. The median error method selects
57 galaxies as galaxies with emission lines, while the ANN method selects 50 galaxies in total. We
decided to be more conservative and consider as ELG population the intersection of both groups,
since this defines a more robust subset. A total of 49 galaxies remains. A comparison of the three
sets with the whole cluster colour distribution can be seen in Fig. 7.4. The (u — r);,, distribution is
very similar in both methods, peaking around (u — )iy, &~ 1 and with a lower peak at (u — 1) &
2.2. This peak is easily understood when looking at the general distribution, since there is also a
peak at this value, even greater than the bluer one. When defining the median error method and
establishing the values of the multipliers, there is a risk of generating a greater bias towards blue
galaxies greater than desired in order to account for the larger errors. Comparing its histogram with

the ANN, we can see that the proportion of blue and red galaxies remains very similar, so we can
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Property Galaxies RG BG ELG ELG-R ELG-B SF AGN
log M, 10.0+£0.65 1044032 9.63£0.64 9.89+0.71 1054036 9.62+£0.65 9.56£0.60 10.540.42
Ay 0.57+£043 032£019 084£044 0.63+£042 032+£0.25 076040 0.65+041 0.49£0.35
log Z, > 0.09+045 029+£020 —-0.14+0.53 0.05+£0.50 0.35+0.19 —-0.0£054 —-0.0£0.53 0.35+0.25
(U = 7)res 204+£051 242+0.10 1.64+048 1.85+0.55 243+0.08 1.59+£047 1.60£0.50 2.314+0.28
(U = 7)int 1.67+0.60 2214016 1.10£0.30 1444058 2.224+0.16 1.09£0.30 1.18+£0.46 1.98+0.43
<logage >v 9.44+0.24 9.61+0.13 926+0.21 934+0.23 953+£0.17 9.26+£0.21 9.27+0.23 9.47+0.22
7/to 0.524+0.60 0.12£0.02 094£063 0.71£0.66 0.11+£0.02 0.97+£0.64 095+0.68 0.23+£0.27

Table 7.1 Mean and standard deviation values of the stellar population properties of the galaxies in
the cluster. The properties are for red and blue galaxies (RG, BG), emission lines galaxies (ELG),
ELG with red (ELG-R) or blue (ELG-B) colours, star-forming galaxies (SF), and galaxies with an
AGN.

trust this method. As a final comment, these results are coherent with what we would expect, since
most of the ELG are blue.

7.4 Characterisation of the galaxy populations

In this section, we analyse the stellar population properties of the galaxies belonging to the clus-
ter. First, the sample is divided in red and blue galaxies. Then, ELG are characterised by their
stellar populations by dividing also the galaxies in star-forming (SF) and galaxies with an active
galactic nucleae (AGN). The average and dispersion values of the stellar population properties are

summarised in Table 7.1.

7.4.1 The red and blue galaxy populations

The bimodal distribution of the red and blue galaxies in the cluster can be seen in the colour-mass
diagram (see Fig. 7.5) The comparison between the (v — 7). and the (u — r);,; shows how the
extinction correction moves a significant number of galaxies from the redder (upper) regions of
the diagram to the bluer regions (below the black dashed line). The colour code also shows how,
on average, redder galaxies are older and more metal-rich. Galaxies with larger extinctions are
located in the middle region of the diagram, which could be considered as an equivalent of the green
valley. The comparison with Gonzalez Delgado et al. (2021) results for the whole AEGIS catalogue
shows that the distribution of these properties in the colour-mass diagrams remains the same. This
would indicate that, for fixed values of the colour and mass, the effect of the environment on these
properties is negligible. We find that, on average, red galaxies are more massive than blue galaxies
by ~ 0.8 dex. Blue galaxies also show a larger variance in mass. The extinction Ay is significantly
larger on average (~ 0.5 mag) for blue galaxies. This is expected because most of the blue galaxies
are star-forming, and the extinction that young stars experience is almost double than that for the
old stellar population (Charlot and Fall, 2000). In contrast, blue galaxies are less metal rich than
red galaxies by ~ 0.1 dex. On average, red galaxies are older by 0.4 dex. The value of 7/t is nine
times larger for blue galaxies than for red galaxies; thus, the star formation lasts longer in the blue

galaxy population.
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Fig. 7.5 (u—r),s (top panels) and (u — 1), (bottom panels) colour vs. stellar mass for the redshift
bin 0.25< 2z <0.35 derived by BaySeAGal from the AEGIS galaxy populations (contour) and
galaxy cluster members (circles). The coloured bar shows the distribution of the stellar population
properties age, extinction, and metallicity (from left to right). The size of the circles indicates the
probability of the galaxy to be member of the cluster. The position of the brightest galaxy in the
cluster (BCG) in each panel is marked. The dashed line in the (u — 7);,; divides blue galaxies
(below the line) and red galaxies (above the line).

The total fraction of red galaxies is 0.52 (0.48 for blue galaxies). The fraction of red galaxies
in the whole catalogue of miniJPAS at the cluster’s redshift, obtained by Gonzalez Delgado et al.
(2021), using BaySeAGal, is around 0.2 or even lower. This is supported by works in the literature
such as Balogh et al. (2004). If we assume a symmetric distribution within Ry, and if all the
missing galaxies were blue (worst case scenario), the fraction of red galaxies inside Rsoy would
be 0.55 (compared to the current observed fraction of 0.62 inside 25gg), which is still higher than
the fraction of red galaxies in the field. Instead, if we assumed a symmetrical distribution keeping
the same amount of blue and red galaxies in the missing area, we would find the fraction of red

galaxies to be even larger (0.64).

7.4.2 ELG population

In Fig. 7.6 we compare the distribution of the stellar properties of the ELG with the whole sample
and we summarise them in Table 7.1. We find that their values span the same ranges than the
properties of the whole catalogue. However, the distribution themselves are different. The stellar
mass still peaks at log M, ~ 10.5 [M], but the contribution of galaxies with log M, < 10 [M]
becomes more significant. In fact, most of the galaxies in such range are classified as ELG. On av-
erage, ELGs are less massive than the whole sample by 0.1 dex. The distribution of Ay shows that

most of the galaxies that are not selected as ELG exhibit values lower than 0.5, but the distribution
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Fig. 7.6 Stellar population properties distribution for the emission line galaxy population. Black
histogram shows the distribution for all the galaxy members in the MAG_PSFCOR photometry.
Brown solid histogram shows the distribution for the objects selected as emission line galaxies.
From left to right and from upper to bottom: Stellar mass, extinction, stellar metallicity, (1 — 7)yes
colour, mean mass-weighted age, and ratio between the SFR parameters 7 and t0.
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Fig. 7.7 EW(Ha) of the ELG population. Top panel: Colour-mass diagram for the ELG galaxy
population. The colour bar shows the Ha equivalent width. Galaxies above the black dashed line
are considered to be red. Galaxies below are considered to be blue. Bottom panel: Ha equivalent
width distribution histogram. Green histogram shows the distribution of the galaxies selected with
the ANN method. Orange solid histogram shows the distribution for the selected galaxies. Red his-
togram shows the distribution of the selected red galaxies. The same holds true for blue histogram

and blue galaxies.
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remains similar (the average only becomes 0.06 mag lower). A similar behaviour is found for the
metallicity, where most of the galaxies with log Z, <-0.5 are ELG, but the peak of the distribution
is still the same as the whole set. The average only becomes lower by 0.04 dex. Nonetheless,
the distribution of (u — r),.s changes significantly. The peak of the distribution is still found at
(u — 7)res ~ 2.5 mag, but most of the galaxies with (u — r).s < 2 are ELG, and only a few
galaxies with (u — 7),s > 2 are ELG. Moreover, the peak of the stellar ages is now found at
< logage >\~ 9.25, with most of the young galaxies being ELG and only a few of the old galax-
ies showing emission lines (ELG are younger by 0.1 dex on average). Furthermore, most of the
galaxies with 7/ty < 0.8 are not ELG, and almost all the galaxies 7/t, = 0.8 are ELG, and the

average value of ELGs is almost 50 % larger than the average of the whole sample.

These results show that ELGs have properties similar to the BG population. However, they
display differences that suggest that ELG is a mix of red and blue populations, where RG are
significantly less abundant than the BG population. To further investigate this point, we explore
the colour-mass diagram and the distribution of the inferred EW(Hca), dividing the ELG into red
(ELG-R) and blue (ELG-B) galaxies (Fig. 7.7). We see that galaxies with the lowest predicted EW
(;10 A approximately) are all red galaxies, while galaxies above this value are all blue — except for
three of them. Two of them are particularly notable, having a predicted EW above 50 A. However,
when looking at the spectra, we find that the inferred emission may be a result from incomplete
background subtraction due to fringing effect that suffer some of the red filters, which is translated
into a variation of the measured magnitude that could be interpreted as an emission line by the
ANN, due to the magnitude difference among one filter and its adjacent ones. With that exception,
we can conclude that ELG-R are characterised by low estimated values of EW(H«), while ELG-B
have EW(Ha) > 10 A. Taking into account that our ELG-R are more massive than our ELG-B, we
find that our results are coherent with the EW(Ha)-mass relation found in the literature (see e. g.
Fumagalli et al., 2012; Sobral et al., 2014; Khostovan et al., 2021).

7.4.3 Star-forming galaxies and AGN populations

The ELG population can be a mix of star-forming galaxies (SF) and AGN galaxies. To find the
abundance of these two classes, we use two different diagrams: the WHAN diagram, introduced
by Cid Fernandes et al. (2010) (CF10), and the BPT diagram (Baldwin et al., 1981). There are
a number of works that present their own criteria to separate the SF, Seyferts and LINERs in the
BPT diagram, but here we use the results from three in particular: Kauffmann et al. (2003a) (K03)
and Kewley et al. (2001) (KO1) to distinct SF galaxies from galaxies with a potential AGN, and
we use the transposition to this diagram made by Cid Fernandes et al. (2010) of the separation
criteria between Seyferts and LINERs found by Kewley et al. (2006) (K06). In the case of the
WHAN diagram, we use the criteria from CF10 and Cid Fernandes et al. (2011) (CF11). In this
work, several criteria are presented, but for consistency we choose the transpositions made in these
works (CF10 and CF11) of the same criteria used in the BPT (K03 and KO1) in addition to the
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Fig. 7.8 ELG classification diagrams. Left panel: WHAN diagram with the galaxies classified as
emission line galaxies. Red points represent red galaxies and blue points, blue galaxies. The solid
orange and black lines represent the Cid Fernandes et al. (2010) transposition of the Kauffmann
et al. (2003a) and Kewley et al. (2001) SF-AGN distiction criteria, and the green solid line rep-
resents the transposition of the Kewley et al. (2006) made by Cid Fernandes et al. (2010). The
dashed black line represents the distinction between retired galaxies and LINERs (Cid Fernandes
etal., 2011). Right panel: BPT diagram for the emission line galaxy population. The colour coding
is the same as the left panel.

criteria of studies where galaxies with EW(Ha);3A are considered to be retired galaxies °>. An
example of each type of galaxy, with its J-spectra and its position in the WHAN and BPT diagrams,
respectively, can be seen in Fig C.1. This figure is useful to explain more clearly how we interpret
the position of galaxies in these diagrams.

Figure 7.8 shows the WHAN and BPT diagrams with all the ELG population. Table C.1 shows
the classification for each of these galaxies in both diagrams. Since a different classification can be
derived from each diagram and due to the error bars obtained for many galaxies, it is not trivial to
assign a label to each ELG. Therefore, we use a probabilistic approach in the following way: we
calculate the area of the error box in the WHAN diagram and we calculate the fraction of this area
that falls in each of the diagram regions. We define this fraction as the probability representing
how likely it is for that galaxy to be a SF, Seyfert, LINER, retired, or composite (SF-Seyfert or
SE-LINER) galaxy. The error bars plotted in this figure take into account the correlation among
the emission lines through the calculation of the Pearson coefficient and its inclusion in the error
budget.

We find that 32 galaxies (65.3 % of the ELG) have a probability greater than 0.7 of being
associated with the SF region (33 above 0.5, representing 67.3 %). We selected these galaxies as
the SF population. Only one galaxy (which represents 2 % of the ELG) has a combined probability

SThis is the name given by CF10 to red-quiescent galaxies with weak Ho emission, that is probably produced by
post-AGB stars.
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in the Seyfert and LINER region greater than 0.5 in the WHAN diagram. The rest of the galaxies
are difficult to uniquely identify as AGN using only the WHAN diagram. Due to this restriction, we
selected as AGNss those galaxies that are above the KO1 curve in the BPT diagram if the probability
of being SF in the WHAN diagram is less than 0.5. With these criteria, only 2470-3670 need to
be excluded from the AGN sample (see Appendix C and Fig C.1). Galaxies between the KO1 and
KO3 lines likely have contributions from AGN, but we cannot resolve whether they are Syferts,
LINERs, or composite galaxies. Thus, we do not include them as part of the AGN sample, nor as
SF if they are not classified as SF in the WHAN diagram.

In Table 7.1, we summarise the stellar population properties of these galaxies. If we compare
the SF galaxies with the blue ELG, we find that the differences in the average and standard deviation
values are negligible except for the extinction Ay, which are lower for SF galaxies, and (u — 1),
colours, which are slightly redder (but with a greater standard deviation) for SF galaxies. This
indicates that most of the blue ELG are SF galaxies.

The comparison between the values of the red ELG and AGN populations shows that the main
difference between them resides in a larger extinction on average for the AGNs, slightly bluer
(u = 7)pes and (u — 7);,¢ colours, younger ages and higher values of 7/t,. This indicates that the
sample selected as AGN is a mixture of blue and red ELGs and that we are not able to fully separate
the contributions of pure AGNs from star formation in galaxies, or that most of these galaxies are
actually composite.

We focus here on the Ha emission in order to select our ELG sample. This line can be used
as a tracer of the star formation (see e.g. Kennicutt, 1998; Kennicutt and Evans, 2012; Kewley
et al., 2002; Garn et al., 2010; Oteo et al., 2015; Catalan-Torrecilla et al., 2015) or the presence
of AGNs (see e.g. Osterbrock and De Robertis, 1985; Veilleux and Osterbrock, 1987; Osterbrock,
1989; Kewley et al., 2001; Cid Fernandes et al., 2011). Therefore, taking into account the relation
between galaxies in the blue cloud and a higher star formation than galaxies in the red sequence,
(see e.g. Kauffmann et al., 2003c,b; Baldry et al., 2004; Brinchmann et al., 2004; Gallazzi et al.,
2005; Mateus et al., 2006, 2007), it is reasonable to assume that an important fraction of our
selected ELG are blue galaxies, which are generally classified as star-forming galaxies according
to the WHAN and BPT diagrams, and that red galaxies are generally classified as LINERSs or retired
galaxies. A similar discussion with compatible results can be found in the works of Chies-Santos
et al. (2015); Rodriguez del Pino et al. (2017).

7.4.4 The star formation rate

In order to calculate the star formation rate (SFR) and the specific SFR (sSFR = SFR/M,,), we use
the star formation history (SFH), derived from the SED-fits to add up the stellar mass formed in the

last 20 Myr and divide it by 20 Myr.°. The mean and standard deviation values we obtain for the
sSFR for each set of galaxies are 0.2540.32 Gyr~* for the whole sample, then 0.020+0.016 Gyr—!

®In this text, sSFR is expressed in units of Gyr—!'; and log sSFR is the decimal logarithm of the sSFR
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Fig. 7.9 Star formation main sequence. Red dots represent the red galaxies. Blue dots repre-
sent blue galaxies. White dots represent the ELG population (selected in Sect.7.3.3) with inferred
EW(Ha) > 6 A. Dot size is proportional to the inverse distance to the BCG

for red galaxies, 0.49 + 0.32 Gyr~! for blue galaxies, 0.35 + 0.35 Gyr~! for the ELGs, 0.016 4+
0.015 Gyr~! for the red ELGs, 0.50 + 0.32 Gyr~'r for the blue ELGs, and 0.48 4+ 0.34 Gyr~! for
SF galaxies.

We find that the mean value of the sSFR of the blue galaxies is ~ 25 times larger than the mean
value of the red galaxies. This is accordance with the literature (see e.g. Kauffmann et al., 2003c,b;
Baldry et al., 2004; Brinchmann et al., 2004; Gallazzi et al., 2005; Mateus et al., 2006, 2007). The
difference in the values obtained for the red galaxies and the red ELGs is negligible, as well as the
difference between blue galaxies and blue ELGs.

The star-forming main sequence (Noeske et al., 2007) is a relation between the SFR and the
stellar mass of galaxies in the form of a power law (see e.g. Elbaz et al., 2007; Speagle et al.,
2014; Sparre et al., 2015; Cano-Diaz et al., 2016; Vilella-Rojo et al., 2021). The work by Nantais
et al. (2020) supports that the relation remains constant with density, and Speagle et al. (2014) and
Santini et al. (2017) works find no variation with redshift in the slope, but Noeske et al. (2007) find
variations with redshift.

We study the main sequence of the star formation in Fig. 7.9.We find that blue galaxies are well
placed in the main sequence. The low mass-and-high sSFR end of the main sequence is dominated
by blue ELGs. This is compatible with young stars as the main mechanism of Ha emission for blue
galaxies (as seen in Sect.7.4.3). Meanwhile, red ELGs are mainly found in the low sSFR region, so
their Ha emission is probably due to other mechanism, such as the presence of an AGN. We fit a
main sequence of the star formation using the SF galaxies. The obtained fit (see black dashed line
in Fig. 7.9) is:

logsSFR = (—0.43 £ 0.07) log M, + (3.78 + 0.64). (7.5)
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Fig. 7.10 Spatial distribution of the galaxy populations in the cluster. Left panel: Spatial distribu-
tion of the red, blue, and emission line galaxy populations. Blue dots represent blue galaxies. Red
galaxies are represented with red dots. White dots over red and blue dots represent the ELG. Dot
size is proportional to the AMICO association probability. The dashed golden and black circles rep-
resents the 0.5 Rogg and Ry distances to the BCG, respectively. The grey dashed line represents the
limit of the FoV of miniJPAS. The black cross represents the position of the BCG. Green contours
represent the X-ray emission in the 0.5-2 keV energy band from XMM data (Bonoli et al., 2021).
Energy levels are 3.654 x 10716, 1.218 x 10717, 3.654 x 107! and 1.218 x 10~ ergs s~* cm™2

arcmin—2, Rigt panel: spatial distribution of the SF and AGN. Stars represent SF galaxies and

squares the AGNs. The color code represent the inferred
EW(Ha). The rest of the symbols are the same as in the left panel.

Translating this fit to SFR instead of sSFR, the obtained slope is 0.57. These results are lower
than the ones obtained by Martinez-Solaeche et al. (2022) analysing the whole AEGIS field. In
that work, they calculate the SFR through the Ha flux and the SFH provided by BaySeAGal.
The values of the slope (in the SFR versus mass fit) are both higher than our results. This means
that sSSFR decreases more rapidly with mass for the galaxies in this cluster than for galaxies in
lower density environments, which is the dominant population in AEGIS (Gonzalez Delgado et al.,
2022). However, the SF galaxies with log M, < 9.8 M shows a flatter slope that would suggest
that the sSFR is almost independent of the mass. This also holds true for the results from other
works, such as Boogaard et al. (2018), Vilella-Rojo et al. (2021), Duarte Puertas et al. (2017),
Renzini and Peng (2015), Zahid et al. (2012), Shin et al. (2021), Belfiore et al. (2016), Cano-Diaz
et al. (2016), Cano-Diaz et al. (2019), and Sanchez et al. (2018).

7.5 Discussion

The spatial distribution of the galaxy populations and the variation of galaxy properties with the
cluster-centric radius is a key piece of information in improving our understanding of the role of en-
vironment for quenching the star formation in galaxies (Donnari et al., 2021a; Dacunha et al., 2022;

Niemiec et al., 2022), Galaxy-galaxy or galaxy-ICM interactions are more efficient at the cluster
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centre, where the density of galaxies and the density of the gas are higher. Therefore, it is expected
that environmental processes are more efficient inside the virial radius (Alonso et al., 2012; Raj
et al., 2019). However, other processes, such as galaxy harassment, ram-pressure stripping, and
starvation can act outside the virialised region, being also effective at the cluster periphery (Bahé
et al., 2013; Zinger et al., 2018; Lacerna et al., 2022). The analysis of the galaxy populations, SFR
and SFH have been proven to be very useful to study quenching and cluster formation scenarios
(see e.g. von der Linden et al., 2010).

In this section we discuss the distribution of the galaxy populations within the cluster. The
fraction of red, blue, and star-forming galaxies as well as AGN as a function of the radial dis-
tance to the cluster centre provide clues about the relevance of the environment and AGN feed-
back in the quenching of star formation. We also study the variation of the SFH parameters of
galaxies that are in the central part (r < 0.5 Rygg), with respect to outskirt regions ( > 0.5 Rog);
thus, the SFH-distance relation provides information about the accretion history and the differential
quenching time scales. We finish the discussion with the variation of stellar population properties
with cluster-centric radius; in particular, the sSFR-distance relation traces how the environment-

quenching process proceeds.

7.5.1 Spatial distribution of the galaxy populations

The 2D map distribution of the galaxy populations of the cluster is shown in Fig. 7.10. Most of
the red galaxies are located inside the inner region (d< 0.5 Rsgo from the BCG), while half of
the blue galaxies are located around 0.9 Rsyo. This visual inspection is corroborated by the mean
distance of the RG, which is 0.60 Rygg, while for BG is around 0.98 Ryyg, which is almost the
same as the mean distance of ELGs (0.90 Ry, 0.98 Ry for the SF galaxies, and 0.64 Ry for the
AGNSs). Moreover, the distribution of the ELGs is very similar to that of BGs, because most of the
ELGs are BGs. This indicates that RGs are more prominent in denser environments than BGs, as
seen in previous works (see e.g Balogh et al., 2004). Also, ELGs appear to show a more uniform
distance distribution, which is in accordance with the results of the literature, such as Haines et al.
(2012, 2015); Noble et al. (2013, 2016); Mercurio et al. (2021). However, our ELG population is
not composed exclusively of SF galaxies, as there are also AGN candidates; this is justified by the
presence of ELGs in denser environments. In fact, most of the AGNs are located in the central
region, while the number of SF galaxies increases with distance.

To quantify the spatial variation of the galaxy populations, we discuss how the fraction of the
different galaxy populations changes with the distance to the BCG (see Fig. 7.11). Red galaxies
clearly dominate over blue galaxies in the inner regions (up to d ~ 0.5 Rygg). At this point, we
are not affected by the incompleteness of the observations. The fraction of red galaxies steeply de-
creases, as the fraction of blue galaxies increases with the distance, but the fraction of red galaxies
remains above the value obtained by Gonzalez Delgado et al. (2021) even at distances larger than

Rogo. It is also interesting to note that the fraction of red galaxies is equal to the fraction of blue
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Fig. 7.11 Radial variation of the galaxy populations in the cluster. First panel: Radial variation of
the fraction of red and blue galaxies. Red points represent the fraction of red galaxies, blue points
represent the fraction of blue galaxies. Second panel: Fraction of ELG, red ELG, and blue ELG as
a function of distance. Peru points are the total fraction of ELG, red points are the fraction of red
ELG, and blue points are the fraction of blue ELG. Third panel: Fraction of SF galaxies and AGNs
as a function of the distance to the BCG. Cyan stars represent the fraction of star-forming galaxies.
Magenta squares represent the fraction of AGN.

galaxies at d ~ 0.5 Rygg. Thus, we can conclude that inside the virialised region, the red galaxy
population dominates over the blue one.

The fraction of ELG slightly increases with distance, up to d ~ Ry and then decreases again.
This decrease of the ELG fraction for d > Ryyy could be a consequence of the possible obser-
vational incompleteness of our sample at larger distances. The fraction remains below 0.6 at all
distances. This fraction is below the ~80% star-forming field AEGIS population at z = 0.2 — 0.3
(Martinez-Solaeche et al., 2022). If we separate blue and red ELG, we find that most of the ELG
are red in the inner areas, but their fraction rapidly decreases and is negligible at distances larger
than d ~ 0.5 Rygg. In contrast, the fraction of blue ELG is negligible inside d ~ 0.3 Ry, and
then increases steeply. An almost equal behaviour is found for AGN and SF galaxy populations,
respectively. As it happens for the blue ELG, the fraction of SF galaxies increases up to 0.6 as the
distance increases. Although it decreases to lower values at distances higher than d ~ 0.8 Ry.
This may be due to our incompleteness in the observations or to the presence of composite blue
galaxies that cannot be clearly classified neither as SF nor as AGN.

Thus, blue and star-forming galaxies are more common beyond the cluster virialised region, in
agreement with other works, such as Haines et al. (2012, 2015); Noble et al. (2013, 2016); Mercurio
et al. (2021). As reported by Olave-Rojas et al. (2018), we find that the fraction of red galaxies
remains higher than in the field at distances larger than Ry9. However, in contrast to Guglielmo
et al. (2019), we do not find a larger fraction of SF galaxies than blue galaxies, except for the
most central region, where a reactivation of the SF may be taking place, due to the aforementioned
mechanisms. The radial profile of the AGN fraction could compatible with the results by Peluso

et al. (2022), who find a significant abundance of AGNs in galaxies that have suffered ram-pressure
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Fig. 7.12 Radial distribution of the stellar mass surface density, the mean mass-weighted age and
the mean (u — 7);,, colour. The grey dashed lines represent the limit of the FoV of miniJPAS.
Red dots represent the values for the red galaxies and blue dots represent the values for the blue
galaxies. Black dots represent the values of (u — r);, for all the galaxies.

stripping, taking into account the relation between ram-pressure stripping and the ICM density
AGN feedback might play a role at the centre due to the increase of AGN fraction toward it; but
this study could not explain the large fraction (> 50%) of red galaxies within 0.5 Rgqo. Other
processes related to the environment, along with possible previous mass-quenching, may be acting

in the cluster.

7.5.2 Stellar population properties: Radial variation of the colours, mass, and ages

The variation of the abundance of red and blue galaxies has an important effect on the radial
variation of the galaxy properties, particularly on the colours and ages of the stellar populations.
We studied the radial profiles of the (u — r);, colour, the mass density (with the area corrected
from mask an incompleteness effects), and the < logage >, (see Fig. 7.12). The colour, (u —
T)int,» decreases with the radial distance; however, this is in part due to the radial variation of the
fraction of red and blue galaxies in the cluster. When the galaxy population is segregated in red
and blue galaxies, we find that most of the red galaxies have very similar (v — 7);,;, while blue
galaxies become bluer going from the cluster centre and further out towards the edges This is
probably associated with a change in the age of the blue galaxy population. Red galaxies ages stay
approximately constant at < log age >,;~ 9.6. ’. Meanwhile, the mean age of BGs decreases as
the distance to the BCG increases by about 0.3 dex in the inner 0.5 Rygg. The stellar mass surface
density of the red galaxies decreases with the distance to the BCG, reflecting that the most massive
galaxies are sited in the inner 0.5 Rypp. Blue galaxies show a lower mass density and a smoother
slope than RGs, but they show similar stellar mass density as the red galaxies beyond 0.5 Rygg.
Therefore, we find that red, more massive, older galaxies, are found in the inner areas while
we find, blue, younger, and less massive galaxies in the outskirts. These properties are generally

associated with galaxies in the red sequence (which also, show low values of star formation) and

"This is the logarithm of the stellar ages expressed in yr
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Table 7.2 Averages and dispersions for the SFH parameters. Values are the mean and standard
deviation of the red and blue galaxy members, and for galaxies inside 0.5 Rygp, between 0.5 Rogg
and R200 and outside R200.
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Fig. 7.13 Distributions of SFH parameters t0 (top row) and 7/t0 (bottom row), shown from left
to right. Grey histograms represent the distribution of all the galaxies in the cluster in all panels.
Red, blue, and black histograms represent the distribution of red, blue and all galaxies at different
cluster-centric distances: All the galaxies in the cluster (first column), galaxies within 0.5 Rogg
(second column), and galaxies within 0.5 Rygg and Rggg (third column)

the blue cloud with usually higher levels of star formation than most galaxies in the red sequence
(see e.g. Kauffmann et al., 2003c,b; Baldry et al., 2004; Brinchmann et al., 2004; Gallazzi et al.,
2005; Mateus et al., 2006, 2007).

The stellar ages of the blue galaxies show a clear gradient with cluster-centric distance. How-
ever, the mean ages of the red galaxies is almost constant with the radial distance. It suggests that
these galaxies were probably quenched earlier than their accretion to the cluster or during the first

epoch of the accretion.

7.5.3 SFH: Spatial variation

We go on to investigate the spatial variation of the SFH of the cluster galaxies. Before doing that,

however, we comment here on the uncertainties involved.
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The reliability of our methodology has been previously assessed in Gonzalez Delgado et al.
(2021), where we have shown that the SFH of a complete sub-sample of miniJPAS galaxies selected
at z ~ 0.1 constrains the cosmic evolution of the star formation rate density up to z ~ 3, producing
results in good agreement with those derived from cosmological surveys. We have further shown
that the galaxy properties (stellar mass, ages, and metallicity) can be inferred by fitting the J-spectra
with the non-parametric codes MUFFIT, AlStar, and TGASPEX, and the results are similar to
those obtained by BaySeAGal using the same delayed-7 model used in this work (see Table 1 in
Gonzélez Delgado et al. 2021).

Reassuring as these statistical results may be, we should not lose sight of the inherent difficul-
ties in estimating SFHs of individual galaxies (e.g. Ocvirk et al., 2006). Our Bayesian analysis,
based on an analytical prescription for the SFH (Eq. 7.1), is just one out of a vast spectrum of alter-
native approaches. Parametric models such as our delayed-7 model are known to lack flexibility to
emulate the diversity of SFHs in galaxies (e.g. Dressler et al., 2016; Pacifici et al., 2016) and to in-
duce considerable biases in some cases (Lower et al., 2020, e.g). Non-parametric models alleviate
these problems, but the higher dimensionality associated with the added flexibility requires extra
care when specifying the priors, which may have a significant impact in the estimated properties
(Leja et al., 2019). Moreover, it has been previously shown that only a few characteristic episodes
in the SFH can be retrieved from the SED-fitting (Cid Fernandes et al., 2005; Ocvirk et al., 2006;
Asari et al., 2007; Tojeiro et al., 2017).

Despite all the caveats involved, our previous analysis of ~8000 miniJPAS galaxies, where we
detected only small differences between properties derived though parametric and non-parametric
codes (significantly below the 0.4 dex in log M,, inferred for the SED-fitting of broad band pho-
tometry of mock data of cosmological galaxy formation simulations by Lower et al. 2020) gives
us confidence that we can use our results to investigate the general trend of the spatial variation of
the SFH among the galaxy cluster members. The comparative and statistical nature of this analysis
further alleviates worries associated with the SFH parameters derived for each galaxy; however, as
discussed above, this approach should be treated with caution.

We focus on two parameters for this study: ¢, the lookback time when the star formation began,
and 7 /t, a measure of the extent of the star formation that is better constrained than ¢, or 7. Table
7.2 and Fig. 7.13 summarise our results. We divide the galaxies into blue and red ones once again.
We further divide galaxies by their (projected) distances to the BCG into smaller than 0.5 Ryg,
between 0.5 Rogp and 1 Ry, and larger than Ry bins. This allows us to distinguish the effect of
the environment in the SFH for the central virialised area and the outer regions.

The parameter ¢, shows similar values for red and blue galaxies at all distances. This would
suggest that most galaxies started forming stars roughly at the same epoch (around ~ 6.5 Gyr).
The main differences appear in the blue galaxies within and outside of 0.5 Ry. Blue galaxies
in the inner region show the highest mean value of ¢y, but they are very few and this value is
compatible with the one obtained for red galaxies at similar distances. Blue galaxies in the outer

region (d > Rygp) show a lower value for ¢y. This could be a consequence of these galaxies being
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Fig. 7.14 Radial distribution of the mean sSFR. The gray dashed lines shows the limit of the FoV
of miniJPAS. The black dashed line shows Peng et al. (2010) criteria to distinguish among star-
forming and quiescent galaxies. Red dots represent red galaxies. Blue dots represent blue galaxies.

in the cluster infall region (Rines and Diaferio, 2006).

Since values of ¢; are very similar for most galaxies all over the cluster, we interpret the low
values of 7/t( as short episodes of star formation and large values of this parameter as star forma-
tion processes that are more extended over time. Red galaxy values of 7/ty ~ 0.12, no matter their
distance to the BCG, suggest that their star formation was shut down very fast. On the contrary,
blue galaxies show larger values of this fraction than red galaxies at all distances and there is a
clear increase in 7/tq as the distance to the BCG increases.

Thus, these results suggest a faster quenching process for blue galaxies in the dense (inner)
regions; while red galaxies might be quenched earlier on and independently of the distance to the
cluster centre in an earlier cluster accretion epoch. Moreover, the quenching of the star formation
of red galaxies might be linked to the AGN or galaxy stellar mass, rather than to the environment
because at the smaller cluster-centric distance is where we find the most massive galaxies and the

fraction of AGN is larger.

7.5.4 sSFR: Radial variation

From the SFH parameters, we can conclude that red galaxies have already been quenched indepen-
dently of their position in the cluster; whereas for blue galaxies, the quenching process proceeds
from the inner to the outer regions of the cluster. To confirm this conclusion, we study the variation
of the sSFR with the distance (see Fig. 7.14). It is worth noticing that blue galaxies have a sSFR at
all the cluster-centric radius that are above sSFR = 0.1 Gyr~!, which is the threshold adopted by

Peng et al. (2010) to differentiate star-forming galaxies from quenched galaxies. The mean sSFR of
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blue galaxies also clearly increases from inside-out of the cluster; in contrast, the mean sSFR of the
red galaxies remains constant within the error bars. This suggests that red galaxies have quenched
before their accretion to the cluster or were quenched within it in an earlier accretion epoch, while
blue galaxies are still in the process of quenching. This could be related to the pre-processing
effects during the infalling processes (assuming galaxies are incorporated in substructures already
evolving; see e.g. Gavazzi et al., 2003; Aguerri et al., 2017; Donnari et al., 2021a). Our results are
differ from those of Knowles et al. (2022), who find no dependence of the star formation with the
cluster-centric distance — but the distinction between red and blue galaxies is key for this result. In
particular, the results of Balogh et al. (1999) (in a redshift range similar to our cluster) show that

the last episode of star formation is more recent for galaxies in the outskirts than in inner regions.

7.5.5 On the pre-processing scenario

To sum up, all the galaxies were formed around the same epoch (with the exception of some outer
blue ones). Red galaxies had shorter star formation periods and have a similar SFH, independently
of their position in the cluster. Meanwhile, blue galaxies are still forming stars or have been forming
them until very recently, and galaxies in the inner regions are quenching faster than in the outer
ones. However, red galaxies were quenched earlier on, independently of their position on the
cluster. These results suggest different evolutionary paths and accretion histories for red and blue
galaxies.

[llustris cosmological simulations have shown that pre-processing plays a relevant role in
quenching galaxies (Donnari et al., 2021a). They find that satellites can be quenched before
infalling in dense environment, or after being accreted into any host; or while being members
of pre-processing hosts other than the actual one where they are found today. AGN feedback
and mass-quenching may be acting in the pre-processing host phases. This is a possible scenario
for explaining the spatial variation of the SFH of red and blue galaxies, their abundance, AGN
fraction, and variation of the galaxies properties with the radial distance to the cluster centre.

Another scenario is the ’slow-then-rapid’ quenching (see e.g. Maier et al., 2019; Roberts et al.,
2019; Kipper et al., 2021), whereby galaxies undergo slow quenching processes and, once they
enter a dense environment, start a faster quenching phase. Results from Pallero et al. (2022), using
the C-EAGLE simulation support this scenario. They show that these processes usually become
relevant at ~ Ryg, where the ICM reaches a density high enough for ram-pressure stripping to
become relevant. They also find that the fraction of galaxies quenched in situ, in comparison the
fraction of galaxies quenched because of pre-processing, decreases as Moy increases.

A combination of both scenarios may serve us to interpret the spatial and radial distributions
of the stellar population properties that are found. We identified red galaxies with very similar
properties along the whole cluster. Red galaxies may quenched within smaller structures that were
later accreted to the cluster. According to the results from Pallero et al. (2022) , for a cluster of

this mass (Mago = 3.3 x 10'* M), we would expect a similar fraction of galaxies quenched inside

179



I Low mass groups

1.01 B cluster mP2470-1771 % =

Fig. 7.15 Comparison of the quenched fraction excess derived from miniJPAS groups with
Mygroup < 5 x 10 M, and for the cluster mJPC2470-1771. Picture taken from Gonzélez Delgado
et al. (2022).

the cluster and quenched via pre-processing. However, we find that ~ 73 % of the red galaxies are
within Rsgg, so in order to be compatible with these results, some of the inner red galaxies would
have to be part of a different halo. On the other hand, the results from Donnari et al. (2021a) show
that the pre-processing scenario is relevant for low mass galaxies and that massive galaxies quench
on their own.

If we assume that some of the blue galaxies belong to the original halo and some have been
accreted later, we could explain the behaviour of blue galaxies and the greater dispersion of their
properties, as well as the greater amount of quenching among inner ones. However, Pallero et al.
(2022) estimate that the quenching timescale for galaxies once the in-fall beyond Ry is ~ 1 Gyr,
but our estimations of At, are larger for blue galaxies, and only some of the red galaxies are
compatible with these values, regardless of their distance to the cluster centre. These suggest that

the accretion and evolution scenario may be more complex and a different model is required.

7.5.6 Quenched fraction excesss

We finish the discussion of this chapter by recovering a result from Gonzalez Delgado et al. (2022),
work co-led by the author of this thesis, that is also related to the cluster studied in this chapter.

Following the definition by McNab et al. (2021), we use the quenched fraction excess:

QFE = (ng - fng>/fSFF’ (7.6)

where QFE is the quenched fraction excess, f&. is the fraction of star-forming galaxies in the
field and f§ is the fraction of star—forming galaxies in groups. Others works have used equivalent
parameters, such as the environmental quenching efficiency (Peng et al., 2010; Wetzel et al., 2015;
Nantais et al., 2017; van der Burg et al., 2018), the transition fraction (van den Bosch et al., 2008),

or the conversion fraction (Balogh et al., 2016; Fossati et al., 2017). This parameters illustrate the
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role that the environment in quenching the star-forming galaxies, turning them into quiescent ones.
We compare the QFE obtained for the cluster and for the low mass groups (Mgoup < 5 x 10™ M)
of the miniJPAS survey in Fig. 7.15. The comparison shows that, for galaxies with masses M, >
1019-% M, the QFE found for the cluster is around twice larger than for groups with lower masses.
This is in great agreement with the results by Donnari et al. (2021a,b) who, using the [llustrisTNG
simulations, find that the fraction of quenched galaxies with mass M, > 10925 M increases with
the halo mass of the group, from 0.2 up to 0.7, but remains approximately constant for massive
haloes (M > 10'). Along with the results from Gonzélez Delgado et al. (2022), we interpret
this findings as a consequence of the deeper gravitational potential well of clusters, which favours
galaxy—galaxy interactions and other interactions, such as ram pressure stripping, which has indeed
been shown to be more efficient in clusters (see e.g. Singh et al., 2019, and references therein) or
harassment, also more efficient in clusters (see e.g. Bialas et al., 2015, and references therein). This
processes along with the pre-processing scenario already discussed, lead to an increased quenching

effciency in clusters.

7.6  Summary and conclusions

In this chapter, we study the stellar population properties of the miniJPAS cluster mJPC2470-1771
using the J-PAS photometric filter system. Its redshift is z = 0.29, its mass Mooy = 3.3 x 1014 M,
and its radius Ryyy = 1.304 kpc. We used the fossil record method for stellar populations and we
analysed the SEDs (J-spectra) of the galaxy members of the cluster. The cluster was detected and
its members were selected using the AMICO implementation for miniJPAS (Maturi et al., 2023)
based on PHOTOZ, with an ultimate selection of 99 objects.

We used the BaySeAGal code to fit the stellar continuum and constrain the stellar population
properties by assuming a delayed-7 model for the SFH. The parameters obtained with BaySeAGal
are the stellar mass, the metallicity, and the extinction Ay, ¢y, and 7. We used these parameters
and fittings to calculate the mass- and light-weighted ages and the extinction-corrected rest frame
(u—r) colours. We established a set of criteria to select the ELG population, using the median error
of the closest filters to Ha wavelength and the predictions for the EW(Ha), EW([NII]), EW(H/3),
and EW([OIII]) made with Martinez-Solaeche et al. (2021) ANN. We used the WHAN and BPT
diagrams to separate SF, AGNs, and quiescent-retired galaxies. We studied the spatial distribution
of the stellar population properties in the cluster as well as the radial distribution of the abundances

of red, blue, SF galaxies, and AGN hosts. The main conclusions of our analysis are as follows:

* We observe a fraction of red galaxies (52 %) that is larger than that in the whole AEGIS field
set of galaxies with redshift 0.25 < z < 0.35, which is ~ 20%. The distribution of the stellar

population properties in the mass-colour diagrams is the same as the whole set.

* We selected a total of 48 ELG. These are dominated by young galaxies and most of the blue,

less massive galaxies have been selected as ELGs. There are red galaxies in this set, showing
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the lowest inferred values of EW(Ha), being the median value equal to 8.96 A. 65.3% of
these galaxies are probably star-forming galaxies, while 24.4% could be AGNs and the rest
could be SF, AGNs, or composite galaxies.

* The red, older, more massive galaxies are mainly located in the inner part (d < 0.5 Rygg)
of the cluster, where the density is higher. The blue, and SF galaxies are more numerous at
(d > 0.5 Rygp), and their abundance increases with radial distance, being equal to the red
galaxy fraction at d ~ 0.5 Ryg. The abundance of the AGNs population decreases with the

radial distance and it is higher at the cluster centre.

* In analysing the SFH, we find that galaxy members were formed roughly at the same epoch,
but blue galaxies have experienced more recent star formation periods. Our results are com-
patible with a scenario where red galaxies are quenched prior to the cluster accretion or an
earlier cluster accretion epoch; whereas blue galaxies may be in the transition to be quenched.
This is also supported by the radial distribution of the red and blue galaxy populations, be-
cause the mean stellar age remains constant for red galaxies, but decreases for blue galaxies
along with the distance to the BCG.

* The sSFR of the red galaxies is almost constant with radial distance at sSSFR ~ 0.02 Gyr—.

The sSFR of blue galaxies decreases with the cluster-centric radius from sSFR ~ 0.1 Gyr—!
to above ~ 0.7 Gyr—! beyond 0.5 Rygo. This suggests that the quenching of blue galaxies is
progressing from the inside-out of the cluster. AGN feedback or mass (or both) might also

be intervening in the quenching of red galaxies.

Our results show that the environment plays a relevant role in galaxy evolution, mainly mani-
fested through a larger fraction of red, more massive galaxies in denser regions, as well as larger
fraction of AGN hosts, lower, SFRs, and shorter star formation episodes, compared to less dense
regions. This also shows the power of J-PAS in studies of the role of the environment in galaxy
evolution. We developed a methodology that will be transferable to J-PAS data, providing more

solid results regarding the relation between galaxy evolution and the environment.
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CHAPTER 8

Future work

It isn’t where you came from, it’s where

you're going that counts.

Ella Fitzgerald

The work carried out along this thesis has shed light into the question on what is the role played
by the environment on the evolution of galaxies. However, with new answers, new questions arise,
paving the way for new works and new studies. The future work related to this thesis can be divided

into more technical works, and scientific works.

Most of the technical future work is related to Py2DJPAS. Some improvements and functions
can be implemented in order the add more flexibility into certain aspects, such as the desired
stamps of the galaxies, which could take into account the orientation of the galaxy, or limiting the
download to certain set of specified filters, as well as improving the compatibility with external
masks files defined by the user, like the ds9 region files, for example. It could also be useful to
include further information concerning the images of each filter in the header of the cubes, and we
might need to explore ways to optimise the size of the final files in the hard drive, in order to be

prepared for the large amount of data that is to come from the J-PAS data releases.

However, the most interesting improvement would be without doubt making a routine that
deconvolves the PSF of the stamps, instead of degrading them to match the worst PSE. There
are already published works in this regard, for example those by Starck et al. (2002); Prato et al.
(2012); Farrens et al. (2017); Sreejith et al. (2023); Wang et al. (2023) that are worth of studying
and testing, although additional modifications or considerations might be required to fit our data
and needs. If this objective was achieved, we would be able to improve the spatial resolution of
our analysis and the size of the regions would be limited by the S/N ratio rather than the PSF. This
way, we could take the make the most of J-PAS pixel scale and, for example, obtain more precise
radial profile, which we have shown that can be smothered because of larger bins.

The tools and methodology developed in this thesis have been proven to be precise and solid.
Since the J-PAS data acquisition will be done using the JPCam instead of the Pathfinder camera,
more tests and calibrations will be required in order to provide reliable catalogues. Our tools can

be helpful during this data validation processes.
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Another technical work, but with strong scientific relation and implications, is to develop an
efficient segmentation code that divided galaxies into regions based on the underlying physics. We
showed in Chapter 5 that Voronoi binning code by Cappellari and Copin (2003) provides non-
physical regions in the outer parts of elliptical galaxies (see also San Roman et al., 2018). On
the other hand, the BatMAN code by Casado et al. (2017) provides regions that resemble more the
expected structures of a galaxy, but its computing time is too long for large galaxies or large data
samples.

From the scientific point of view, the most important caveat in our analysis is the small size
of our samples, both in the study of the spatially resolved galaxies and in the study of the galaxy
populations in galaxy clusters. However, we have taken advantage of this limitation by carrying
out a more detailed analysis that has allowed us to develop a methodology that takes into account
other details of the data that might have been overlooked otherwise. More data would also allow
us to divide galaxies into mass bins, which would let us to better distinguish between the effects of
the mass and the environment.

in Chapter 7 we discussed some caveats that might be caused by the use of a parametric SED-
fitting code. Our tool now allows us to further study the possible consequences of using a paramet-
ric code, like BaySeAGal, and a non parametric code, like MUFFIT (Diaz-Garcia et al., 2015,
2023), and constrain the actual impact of that different assumptions on the SFH can have on the
results on a smaller scale.

Lastly, the properties derived from the regions of the spatially resolved galaxies could be used
as a training input for machine learning and artificial intelligence algorithms. In particular, it might
be possible to build a foundation model that would be able to predict different parameters and
perform several tasks, even helping to disentangle the nature of the physic process that take place

at smaller scales in galaxies.
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CHAPTER 9

Summary and conclusions

La satisfaccion del deber cumplido

Julio Rodriguez Soto

My grandfather

Thorough this thesis we have used the available data from the miniJPAS survey to study the
role of environment on galaxy evolution. For this purpose, we have used two different approaches.
Firstly, we have taken advantage of its large FoV and its photometric filter system, which provide
excellent data for unbiased IFU-like studies in different environments. On the other hand, we
studied the galaxy population in the most massive galaxy cluster detected in the miniJPAS footprint,
the cluster mJPC2470-1771.

The first step to deal with the requirements for the IFU-like study of the miniJPAS galaxies
was to develop a tool that automatised all the required processes for the analysis of the data. These
mainly include the download of scientific tables and images, the masking of nearby sources, the
PSF homogenisation of the images in the different filters, the segmentation of the galaxy into
regions, the computation of the values of the fluxes and magnitude of the different regions, and
the estimation of the stellar population properties and line emission through external codes. These
steps, explained and tested in Chapters 4 and 5, are essential for the study of the properties of the

spatially resolved galaxies.

After testing our methodology, in Chapter 6 we run our tool on the sample of spatially resolved
galaxies in miniJPAS, selecting those galaxies without biased photometry due to nearby sources
in any of the bands, and that are also large enough in comparison to the FWHM of the worst
PSF, amounting to a total of 51 galaxies. Additionally, using results from the SED-fitting of the
integrated photometry, as well as the AMICO catalogue of galaxy groups by Maturi et al. (2023),
we further classified our sample into 15 galaxies that are red in the field, 9 that are red and are
in groups, 21 that are blue and in the field, and 6 that are blue in groups. With this classification
we studied the stellar population properties and the emission lines of the regions of these spatially
resolved galaxies, as well as the effect of environment, by comparing the properties of the four
categories of galaxies, using stellar surface mass density—colour diagrams, radial profiles of the

properties, stellar population gradients, as well as studying the relation between some of these
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properties and comparing the SFH of inner and outer parts of these galaxies.

Lastly, we study the effect of environment from the point of view of the integrated galaxies
in chapter 7. For such purpose, we study the properties of the galaxies in the cluster mJPC2470—
1771, also selected using the probabilistic association provided by AMICO. We select a total of
99 galaxies. Using once again the SED-fitting code BaySeAGal, as well as the ANN trained
by Martinez-Solaeche et al. (2021), we are able to study the stellar population properties of these
galaxies, as well as their SFR, SFH, end emission lines (Ho, Hp, [NII], and [OIII]), as well as
classifying them into star-forming galaxies and AGN-host candidates via the WHAN and BPT
diagrams.

The main conclusions of this thesis are:

* QOur tool, Py2DJPAS, effectively automatises the analysis of the properties of the spatially
resolved galaxies in miniJPAS, providing solid measurements of the fluxes and magnitudes
of the regions of spatially resolved galaxies. In particular, the values obtained with our tool
for different apertures are consistent with the magnitudes of the miniJPAS catalogues, which
were obtained using SExt ractor, with median differences below 0.1 mag, that is, a flux

discrepancy below 10%.

* Using the largest galaxy in the miniJPAS data release, 2470-10239, our tool also produces
flux and magnitude measurements that are consistent with those obtained using PyCASSO
and spectroscopy from the MaNGA survey. Furthermore, the estimated stellar population
properties estimated with PyCASSO and STARLIGHT are also compatible with our results
obtained using Py2DJPAS and BaySeAGalwithin the uncertainty intervals.

* The homogenisation of the PSF greatly improves the obtained J-spectra of the central regions,
by removing aperture effects that appear as non-physical variations from band to band. This
also improves the accuracy of the SED-fitting of these regions and reduces the SED-fitting

residuals.

» The SED-fitting of the J-spectra of the regions of the spatially resolved galaxies yield resid-
uals without significant bias in any band. For regions with S/N > 5, residuals are generally
below 0.05 mag, which translate into a relative difference lower than 5 %. The errors are
generally slightly overestimated (~ 20 %), most likely due to the assumption of an error of
0.04 in the ZP. For S/N ratios lower than 5, the residuals increase notably and are generally
biased towards values that indicate an underestimation of the flux, and the errors become

underestimated too.

* The stellar population properties of the regions, as well as the EW and ratios of the emission
lines are properly defined by their loci on a mass density—colour diagrams, in a equivalent
way to their integrated counterparts. We find that redder, denser regions are usually older,

more metal rich, and show lower values of the Ygrr and sSFR than bluer and less dense
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regions. The higher extinction Ay values are found in blue, dense regions, and metal-rich
regions. Additionally, the regions of red and blue galaxies remain clearly separated in these

diagrams, but there is no evidence of environment effects.

The radial profiles of the stellar population properties are compatible with those found in the
literature. In particular, we find that the stellar mass surface density clearly decreases towards
outer parts, as well as the (u—r);,,;, colour, the intensity of the SFR, and the stellar ages of blue
galaxies. On the other hand, the stellar ages of red galaxies remain approximately constant,
and the sSFR increases toward the outer regions of the galaxies. The radial profiles of red

and blue galaxies are distinguished, but we do not find significant effect of the environment.

The gradients of most properties show a weak dependency on the stellar mass, but not on the

galaxy spectral type or environment.

The results found for the SFH of inner and outer parts of the galaxy, along with the radial pro-
files of the ages, support an inside—out formation scenario, as well as inside—out quenching

mechanism.

The fraction of red galaxies in the mJPC2470-1771 cluster is 52 %, which is more than the
double of the fraction of red galaxies in the whole AEGIS field set of galaxies with redshift
0.25 < z < 0.35, which is ~ 20%.

The properties of the galaxies in the cluster are properly defined by their loci in the mass—
colour diagrams. For the same colour and stellar mass, the properties of the galaxies are

similar to their counterparts in the field at a similar redshift.

We are able to detect a total of 48 ELG in the cluster, which are mainly young and blue galax-
ies. Using the WHAN and BPT diagrams, we find that a 65.3% fraction of these galaxies are
likely star-forming galaxies, while 24.4% may be AGNs and the rest may be SF, AGNs, or

composite galaxies.

The fraction of red galaxies increases towards the cluster centre, as well as the abundance of
AGN hosts. On the other hand, the fraction of blue and SF galaxies increases towards outer

regions of the cluster.

The median sSFR of red galaxies is almost constant (log sSSFR ~ 0.02 [Gyr]~!). However,
the sSFR of blue galaxies shows a dependency on the distance to the centre of the cluster,
rising from sSFR ~ 0.1 Gyr~! at inner regions, up to ~ 0.7 Gyr~! at larger distances than
0.5 Rggp. These results suggest an inside—out quenching scenario in terms of the cluster-

centric distance.

The SFH of the galaxies in the mJPC2470-1771 cluster show that they were formed roughly

at a similar epoch, where blue galaxies have remained blue due to recent star formation
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episodes. Our results are compatible with a scenario where red galaxies are quenched prior
to the cluster accretion or an earlier cluster accretion epoch; whereas blue galaxies may be
in the transition to be quenched. This is also supported by the radial distribution of the red
and blue galaxy populations, because the mean stellar age remains constant for red galaxies,

but decreases for blue galaxies along with the distance to the BCG.

The general picture that can be drawn from these conclusions is that the environment does
play a role on galaxy evolution. However, this role is mostly reflected in the galaxy populations
found in more dense regions, such as clusters and groups. A larger fraction of red, quiescent
galaxies is found in this type of environment, but the properties of these galaxies are similar to
their counterparts in the field, for a given stellar mass and colour. Regarding blue galaxies, this is
also true, although the distribution of their properties is shifted towards more massive and redder
values. Similarly, the properties of the regions of the spatially resolved galaxies are well determined
by their colour and stellar mass density, but the mass of the groups and the galaxy number density is
not high enough as to trigger any significant difference on the properties of the regions of galaxies
in groups when compared to galaxies in the field. Additionally, processes such as the ram pressure
stripping depend on the density of the gas of the ICM, which is lower in groups than in clusters.
This may be a consequence of the typical mass of the groups in our spatially resolved sample,
since it might not be high enough to produce a significant effect on the properties of the galaxies,
as opposed to the case of massive galaxy clusters. The importance of the mass of the group or the
cluster is observed for example in the quenched fraction excess, which is significantly larger in the

cluster than in the low mass groups found in miniJPAS.
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Appendix A

AMICO versions

As mentioned in Sect.7.2.2, at the moment of writing of the paper Rodriguez-Martin et al. (2022), in
which Chapter 7 is based, there were three versions of the code AMICO under study. The difference
among them resides in the redshift used for the computation of the amplitude, the association
probability, and the rest of the parameters. One of these versions uses the best PHOTOZ (the
absolute maximum of the probability density function of the redshift or zPDF) as input, however,
other version uses z, (the median redshift of the zPDF') and the last one uses the zPDF itself
(see Hernan-Caballero et al. 2021 for more information about the redshifts). The final version
(including a group catalogue for miniJPAS) was finally published in (Maturi et al., 2023). Since
those results and the details about AMICO escape the scope of this work, we refer the reader to that
work (althoud a summary is provided in Sect. 3.3) as well as to the works Maturi et al. (2005a);
Bellagamba et al. (2018), and restrict ourselves here to the study of the stellar population properties.

The parameter we used to select our set of galaxies is the association probability. When chang-
ing the redshift, the association probability is affected as well. As a consequence, some galaxies
may be considered members or not of the cluster. In fact, the total number of galaxies changes (99
galaxies using the PHOTOZ, 95 using the z,,,; and 114 using the zPDF. Not only does the number
of galaxies change, but also the set of the common galaxies between two different versions of the
code does not equal the smallest set of the two, although they are very similar overall. There are 84
galaxies in common among the three sets, and the larger discrepancies are 12 galaxies that appear
with PHOTOZ and zPDF but not with z,,,;, and other 12 galaxies that only appear with zPDF .

In Fig. A.1, we show the distribution of the stellar properties obtained with the three different
versions. These distributions are practically the same, and the differences that appear are mainly
due to the different number of galaxies in each set, but the whole image of the cluster remains the
same. This is an important result for us, since our results remain valid independently of the final
version that may be chosen, as well as for AMICO, since it proves that the cluster catalogue is

robust regardless of the redshift definition being used.
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Fig. A.1 Stellar population properties of the galaxies belonging to the cluster, using different AM-
ICO catalogues.
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Appendix B

Comparison of J-PAS data with GMOS spectroscopy.

We carried out a spectroscopic follow up of the cluster with the Gemini Multi Object Spectrome-
ters (GMOS Hook et al., 2004) mounted on the Gemini North telescope (Gemini program ID: GN-
2020A-DD-203, PI: Carrasco). In total, we measured the spectroscopic redshifts for 53 galaxies
observed with GMOS, of which 38 galaxies are members of the cluster. Figure B.1 shows a com-
parison among the J-spectra and the spectra obtained from GMOS for two galaxies belonging to
the cluster. This comparison shows the power of J-PAS photometric system to provide information
equivalent to the spectroscopy data. We have already shown that J-spectra can retrieve the stel-
lar population properties with similar precision to spectroscopic datasets with S/N>10 (Gonzélez
Delgado et al., 2021). With respect to GMOS data, J-spectra have a better S/N ratio and it covers
a larger wavelength range that is not affected by calibration issues at the wavelengths limits. Fur-
thermore, many of the GMOS spectra do not cover Ha wavelength range; and it is in only seven of
these galaxies that Ha is observed. The right panel of Fig. B.1 shows an example of a galaxy with
measured Ha emission through the ANN, and clearly detected in the J-spectra, that is not covered
in the GMOS spectrum. In addition, miniJPAS data allowed us to observe most of the galaxies
of the cluster brighter than 22.5 magnitude in the rspgs band. In contrast, MOS spectroscopy is
limited by the minimum distance between fibers, which prevent the simultaneous observations of
galaxies that are close in the sky, and some fibers are contaminated by several close objects. Thus,
J-PAS data is more suitable than GMOS spectra for our analysis.

In addition to the galaxies in the clusters, our GMOS observations include more galaxies of
miniJPAS. To test our ELG detection methods, we included all the galaxies from miniJPAS that
were observed in the [/ o wavelength range. This includes seven spectra of the galaxies belonging
to the cluster plus another six galaxies outside the cluster that show Ha emission in their GMOS
spectra. Table B.1 summarises the results obtained with both methods for these galaxies. We
note that none of the methods classify as ELG any of the galaxies that show no Ha emission
in their spectra (covering the corresponding wavelength). The different criteria for red and blue
galaxies is shown to be required in this table. If we choose the same o0 = 1 detection level for
blue or red galaxies, we find that red galaxies that actually show no emission line are classified
as ELG. If we choose the same 0 = 3 detection level, we end up selecting too few blue ELG
which do in fact show Ha emission (seen in the GMOS spectra). This is a consequence of the

different brightness of red and blue galaxies: the mean and standard deviation values of the rgpsg
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Fig. B.1 Comparison among the J-spectra and the GMOS spectra of two galaxies belonging to the
cluster. Colour points represent the J-spectra. Grey lines represent the GMOS spectra. The black
band shows the magnitudes of the mean model & one o uncertainty level. The difference between
the model and the mean model fitted magnitudes are plotted as a small coloured points around the
black bottom line. Vertical, black dashed lines show the wavelengths corresponding to [OIII] and
Ha emission lines.

Table B.1 Results of the emission line classification method. First column shows the J-PAS ID
of the galaxies with Ha emission in GMOS. Second and third columns show if the galaxy was
classified as an emission line one with the median error method and the ANN method, respectively.
Fourth and fifth columns show some comments on why each method failed to classify the galaxy

properly.

Galaxies with Median ANN Median error notes ANN notes

Ho emission error classifi-

in GMOS classifi- cation

cation

2470-1168 Yes Yes - -

2470-494 Yes Yes - -

2470-536 ? ? J-spectra  shows no Unable to calculate val-
emission ues

2470-1646 Yes Yes - -

2470-1744 No No Classified  as line- EW,,;,=35.31,
emission when using the EW=2.44+6.32
spectroscopic redshift

2470-2129 Yes Yes - -

2470-2328 Yes Yes - -

2470-2524 Yes Yes - -

2470-2401 Yes Yes - -

2470-2667 ? ? J-spectra  shows no Unable to calculate val-
emission ues

2470-1920 Yes Yes - -

2470-1625 Yes Yes - -

2470-2403 Yes Yes - -
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magnitudes is 20.37 &£ 0.82 mag for red galaxies and 21.58 £ 0.89 mag for blue galaxies. This also
produces the difference between the S/N ratios at the Ha wavelength range for the red and blue
galaxies. The median value of the S/N of the three filters closer to Ha at the cluster redshift is
14.67 for red galaxies and 5.27 for blue galaxies, which is almost three times better for red galaxies

than for blue galaxies.
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Appendix C

ELG classification
ID WHAN BPT Final classification

2470-1030 SF-Seyfert Seyfert AGN
2470-1117 SF SE-Seyfert SF
2470-1168 SF SF SF
2470-1174 SF SE-Seyfert SF
2470-1205 SF-Seyfert Seyfert AGN
2470-1287 SF SE-Seyfert SF
2470-1344 SF SF SF
2470-1376 SF SE-Seyfert SF
2470-1401 SF SF SF
2470-1457 SF SF SF
2470-1478 SF-Seyfert SF-Seyfert SF-AGN?
2470-1506 SF SF SF
2470-1587 SF-Seyfert Seyfert AGN
2470-1593 SF-LINER  Seyfert AGN
2470-1646 SF Seyfert AGN
2470-1650 SF SE-Seyfert SF
2470-1695  LINER  SF-LINER AGN
2470-1757 SF SE-Seyfert SF
2470-1771 LINER LINER AGN
2470-1789 SF SF SF
2470-1827 SF SF SF
2470-1941 SF SF SF
2470-2129 SF SE-Seyfert SF
2470-2328 SF SE-Seyfert SF
2470-2350 SF SF SF
2470-2446 SF SF SF
2470-2493 SF SF SF
2470-2524 SF SF SF
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2470-2693 SF-Seyfert SF-LINER SF-AGN?
2470-2791 SF SF SF
2470-2799 SF SF SF
2470-2832 SF-LINER  Seyfert AGN
2470-2910 SF SF-Seyfert SF
2470-2949 SF SF SF
2470-2964 SF-LINER  Seyfert AGN
2470-3255 SF-Seyfert SF-LINER SF-AGN?
2470-3345 SF SF SF
2470-3670 SF Seyfert SF
2470-3712 SF-Seyfert Seyfert AGN
2470-3848 SF-Seyfert SF-Seyfert SF-AGN?
2470-4414 SF SF SF
2470-4691 SF-Seyfert Seyfert AGN
2470-492 SF SF SF
2470-494 SF SF SF
2470-5523 SF SF SF
2470-587 SF SF SF
2470-701 SF SF SF
2470-734  SF-Seyfert SF-LINER SF-AGN?
2470-823  SF-Seyfert Seyfert AGN

Table C.1 Classification of the ELG population attending to the WHAN and BPT diagrams. First
column shows the ID of the galaxy. Second and third columns show the classification on the
WHAN and BPT diagrams, respectively. Fourth column shows our final consideration using both
diagrams and taking into account the errors of the predictions. Question marks indicate the pos-
sibility of the galaxy belonging to such category, but express our insecurity due to errors being to
big, the spectrum being too noisy or to a great discrepancy in the WHAN and BPT classes.

In Sect. 7.4.3, we describe how we classified the ELG into SF galaxies and AGNs using the
WHAN and BPT diagrams, and we explain that it is difficult to uniquely classify each galaxy.
Figure C.1 illustrates this difficulty and the uncertainty that we face in this classification.

Figure C.1 shows two galaxies that are classified as SF in the WHAN diagram and as Seyfert
galaxies in the BPT. The J-spectra of the galaxy 2470-3670 shows that it is probably an extreme
emission line galaxy (EELG, see Iglesias-Paramo et al., 2022), due to its weak continuum and
its strong emission lines. However, its Seyfert classification is poorly constrained by the [NII]/Ha
ratio and error. However, its probability of being a SF galaxy in the WHAN diagram is equal to 1,
and so, this galaxy is classified as SF. On the contrary, 2470-1646 is classified as well-constrained
in the BPT as a Seyfert. In addition, its GMOS spectrum shows [OIII]/HS and [NII] /Ha ratios of
Seyfert galaxies. In the WHAN diagram, the J-spectra data place it close to the SF region, and the
probability of being classified as a SF is 0.55. A deep inspection of the J-spectra images at the H «
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Fig. C.1 Example of a star-forming galaxy (top row) and a Seyfert galaxy (bottom row). From
left to right, the panels in each galaxy show the spectra and its position in the WHAN and BPT
diagrams (where the contours represent this work’s galaxy density in each diagram). The solid or-
ange and black lines represent the Cid Fernandes et al. (2010) transposition of the Kauffmann et al.
(2003a) and Kewley et al. (2001) SF-AGN distiction criteria, and the green solid line represents the
transposition of the Kewley et al. (2006) made by Cid Fernandes et al. (2010). The dashed black
line represents the distinction between retired galaxies and LINERs (Cid Fernandes et al., 2011).
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and close continuum filters shows that it is a spiral galaxy with extended Ha emission that could
be produced by the AGN and young stars. This galaxy is finally classified as an AGN, although it
has SF properties.

These cases motivate our simpler classification according with their probability in the WHAN
diagram as SF or BPT diagram as AGN. Other cases that are between the ’composite’ regions in the
WHAN or BPT are classified as SF-AGN. Table C.1 shows the position on each diagram for every

galaxy and the final classification given to it, attending to the criteria described in Sect. 7.4.3.

226



	Dedicatoria
	ABSTRACT
	RESUMEN
	AGRADECIMIENTOS
	LIST OF FIGURES
	LIST OF TABLES
	LIST OF TERMS AND ABBREVIATIONS

	Introduction
	Galaxies
	Bimodal distribution of properties of galaxies
	Galaxy quenching
	The role of the environment on galaxy evolution
	Galaxy surveys for galaxy evolution
	Photometric surveys vs specectroscopic surveys
	Properties of the spatially resolved galaxies
	The role of environment on the properties of spatially resolved galaxies
	J-PAS: a survey for galaxy evolution

	Goals of this work

	The miniJPAS survey
	Technical aspects of miniJPAS
	The J-PAS Pathfinder camera
	The J-PAS photometric filter system
	Data acquisition
	FWHM and depth of the images
	Image treatment
	Zero Points

	Parameters required for the analysis
	Photometric redshifts
	Flux and magnitudes catalogues


	Tools, catalogues, and scientific results from the miniJPAS survey
	Determination of stellar population properties
	BaySeAGal
	The stellar population properties in miniJPAS

	Emission lines
	Artificial Neural Networks
	Summary of results obtained with the ANN. 

	The AMICO catalogue
	The AMICO code
	Summary of results from AMICO

	Role of galaxy groups in quenching processes
	Properties of galaxies in groups and field
	Fraction of red and blue galaxies
	Quenching fraction excess


	Py2DJPAS
	Introduction
	Data
	Sample selection

	Methodology
	Code initialisation and download of images and tables
	Flux conversion
	Masks
	PSF homogenisation
	Regions definition and photometry calculation

	Results
	2470–10239 example
	Application to the miniJPAS sample

	Discussion
	Summary and conclusions

	The case of the galaxy 2470–10239
	Introduction
	Data
	Methodology
	Results
	Flux comparison
	Radial profiles of the stellar population properties
	Stellar population maps
	Emission-line information

	Summary and concussions

	Spatially resolved properties of the galaxies in miniJPAS
	Introduction
	Data
	The miniJPAS survey
	Sample selection
	Environmental classification
	Observational properties of the sample

	Methodology
	Py2DJPAS

	Results
	Integrated properties of the sample
	SED-fitting check
	Spatially resolved stellar population properties
	Radial distribution of the stellar population properties
	Emission lines
	SFH

	Discussion
	Summary and conclussions

	The galaxy populations of mJPC2470–1771, the largest cluster in miniJPAS
	Introduction
	Data: miniJPAS 
	Observations and calibration
	Identification of galaxy members
	Observational properties of galaxy members

	Identification of the galaxy populations
	J-spectra fits
	Identification of red and blue galaxies in the cluster
	ELG identification

	Characterisation of the galaxy populations
	The red and blue galaxy populations
	ELG population
	Star-forming galaxies and AGN populations
	The star formation rate

	Discussion
	Spatial distribution of the galaxy populations
	Stellar population properties: Radial variation of the colours, mass, and ages
	SFH: Spatial variation
	sSFR: Radial variation
	On the pre-processing scenario
	Quenched fraction excesss

	Summary and conclusions

	Future work
	Summary and conclusions
	           REFERENCES

	Appendix AMICO versions
	Appendix Comparison of J-PAS data with GMOS spectroscopy.
	Appendix ELG classification

