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ABSTRACT

The miniJPAS survey has observed ~1 deg” of the AEGIS field with 60 bands (spectral resolution of R ~ 60) in order to demonstrate the scientific
potential of the Javalambre-Physics of the Accelerating Universe Astrophysical Survey (J-PAS), which will map ~8000 deg? of the northern
sky over the coming years. In particular, this paper demonstrates the potential of J-PAS in detecting groups with mass of up to 10'> M, and in
characterising their galaxy populations up to z ~ 1. The parametric code BaySeAGal is used to derive the stellar population properties by fitting
the J-PAS spectral energy distribution (SED) of the galaxy members in 80 groups at z < 0.8 previously detected by the AMICO code, and of a
galaxy field sample retrieved from the whole miniJPAS down to r < 22.75 (AB). Blue, red, quiescent, and transition (blue quiescent or green
valley) galaxy populations are identified through their rest-frame (extinction-corrected) (¢ — r);,, colour, galaxy stellar mass (M, ), and specific
star formation rate (sSFR). We measure the abundance of these galaxies as a function of M, and environment in order to investigate the role
that groups play in quenching star formation. Our findings are as follows. (i) The fraction of red and quiescent galaxies in groups increases with
M, and is always higher in groups (28% on average) than in the field (5%). (ii) The quenched fraction excess (QFE) in groups shows a strong
dependence on M, and increases from a few percent for galaxies with M, < 10' M, to higher than 60% for galaxies with M, > 3 x 10" M,
(iii) The abundance excess of transition galaxies in groups shows a modest dependence on M,, being 5%—10% for galaxies with M, < 10" M,
(iv) The fading timescale, defined as the time that galaxies in groups spend in the transition phase, is very short (<1.5 Gyr), indicating that the
star formation of galaxies in groups declines very rapidly. (v) The evolution of the galaxy quenching rate in groups shows a modest but significant
evolution since z ~ 0.8. This latter result is compatible with the expected evolution with constant QFE = 0.4, which has been previously measured
for satellites in the nearby Universe, as traced by SDSS. Further, this evolution is consistent with a scenario where the low-mass star forming
galaxies in clusters at z = 1-1.4 are environmentally quenched, as previously reported by other surveys.

Key words. galaxies: evolution — galaxies: stellar content — galaxies: groups: general — galaxies: photometry — galaxies: fundamental parameters

1. Introduction although this is mostly seen for galaxies with stellar mass lower

than 10'© M, (Dfaz-Garcia et al. 2019b). The transition from

Today, the bimodal distribution of galaxy populations is
well known. The Sloan digital sky survey (SDSS) has
provided abundant evidence that galaxies in the nearby
Universe (z < 0.1) inhabit two specific loci of the colour—
magnitude diagram (CMD), the red sequence and the blue
cloud (Blanton & Moustakas 2009). Nearby galaxies in the
red sequence are generally characterised by a red, old, and
metal-rich stellar population; whereas galaxies in the blue
cloud are mainly star forming galaxies with blue colours, and
with young, less-metal-rich stars dominating the optical light
(Kauffmann et al. 2003a,b; Baldry et al. 2004; Brinchmann et al.
2004; Gallazzietal. 2005; Mateusetal. 2006; Asarietal.
2007; Gonzdlez Delgado et al. 2014). This bimodal distri-
bution of the galaxy populations persists at higher redshift
(Bell et al. 2004; Williams et al. 2009; Whitaker et al. 2010;
Hernan-Caballero et al. 2013; Diaz-Garciaetal. 2019a,b,c;
Gonzdlez Delgado et al. 2021). However, since z ~ 1, a large
fraction of the blue galaxies has seen its star formation truncated
and has evolved towards the red and quiescent galaxy population,

blue to red galaxies must occur in a short period of time because
the number density of the red galaxies has roughly doubled since
z ~ 1 and the number density of the ‘green valley’ galaxies,
which lie in between the red sequence and blue cloud objects
in the CMD, is not enough to explain the evolution in number
(Bell et al. 2004; Faber et al. 2007; Muzzin et al. 2013). This
process of transformation from the blue cloud to the red sequence
is called quenching.

There is a correlation between the colour and the mass of
galaxies belonging to each population. In the local Universe,
the galaxies in the red sequence are more massive than galax-
ies in the blue cloud (Kauffmann et al. 2003a,b; Baldry et al.
2004; Cid Fernandes et al. 2005; Gonzélez Delgado et al. 2014).
However, at intermediate redshifts (z ~ 1) this relation is more
complex (see e.g., Ilbert et al. 2013). The stellar mass (M)
is a relevant galaxy property that correlates with other indica-
tors of galaxy evolution (Pérez-Gonzilez et al. 2008; Pérez et al.
2013; Schawinski et al. 2014; Lopez Ferndndez et al. 2018). In
particular, M, is related to the quenching process known as
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mass-quenching (Peng et al. 2010; Kovac et al. 2010). This is
based on the strong correlation between the fraction of red galax-
ies and the stellar mass (Kauffmann et al. 2003a; Baldry et al.
2006), and the assumption of red colours as a proxy for a
quenched stellar population. Further, galaxies that have shut
down their star formation are also referred to as quenched.
They are no longer in the relation between star formation rate
and stellar mass known as the star forming main sequence
(Noeske et al. 2007; Speagle et al. 2014; Renzini & Peng 2015;
Gonzélez Delgado et al. 2016; Loépez Fernandez et al. 2018;
Thorne et al. 2021), and have reduced their specific star forma-
tion rate (sSFR) by a factor of 10-100. Mass quenching is an
internal process that is not necessarily caused by the galaxy
stellar mass. Other properties, such as the halo mass (e.g.,
Behroozi et al. 2019) or the black-hole mass (e.g., Bluck et al.
2019, 2020), both of which correlate with M,, may be related to
mass quenching.

Besides the stellar mass, the evolution of the galaxy pop-
ulation is also a function of the environment (Balogh et al.
2004; Blanton et al. 2005). Unlike mass quenching, environ-
mental quenching is associated with external processes act-
ing in dense environments such as galaxy groups and clusters.
Processes such as ram-pressure stripping (Abadi et al. 1999),
galaxy harassment (Moore et al. 1996), starvation (Larson et al.
1980), galaxy-cluster tidal interaction (Merritt 1984; Bekki
1999), viscous stripping (Nulsen 1982), and thermal evapora-
tion (Cowie & Songaila 1977) can eventually shut down or sup-
press star formation by heating and/or removing the gas from the
galaxies. Since the pioneering work of Dressler (1980), many
studies have demonstrated the dependence of the distribution of
galaxy populations and of their properties on environmental den-
sity (e.g., Kauffmann et al. 2004; Blanton & Moustakas 2009;
Pasquali et al. 2010; Lopes et al. 2014; Cappellari 2016). There
is strong evidence that the fraction of red galaxies increases with
the density field for z < 1 (Woo et al. 2013; Nantais et al. 2016;
Darvish et al. 2016; Calvietal. 2018; Moutard et al. 2018;
Liu et al. 2021; McNab et al. 2021; Sobral et al. 2022), although
the quenched fraction is less significant at higher redshift. This
result is equivalent to the well-known Butcher-Oemler effect
(Butcher & Oemler 1984), which shows that the fraction of blue
galaxies in clusters increases with redshift.

Mass and environmental quenching can both be explained
by the halo quenching process, which is due to the connec-
tion between stellar mass, environment, and the halo mass.
The gas in massive galaxy-scale halos (>10'2 M) is pre-
vented from efficiently cooling as it becomes shock-heated
(Dekel & Birnboim 2006), and the cessation of gas accretion
along with ram-pressure stripping prevents further star forma-
tion in galaxies, leading to the evolution of galaxies at z ~ 1
from blue to red. Moreover, mass and environmental quench-
ing are independent processes because the most massive galaxies
are quenched independently of their environment, and galaxies
in dense environments are quenched independently of their stel-
lar mass (Peng et al. 2010). Furthermore, Peng et al. (2012) and
Kovac et al. (2014) found little evidence of a dependence of the
red fraction of central galaxies on overdensity, whereas satel-
lite galaxies are the main ‘victims’ of environmental quenching
in the galaxy population. Satellite galaxies are consistently red-
der at all overdensities, and quenching efficiency increases with
overdensity at 0.1 < z < 0.4 (Kovac et al. 2014). It has been sug-
gested that satellite quenching also depends on the distance to
the centre of the halo, and for satellites at lower distance to the
halo, quenching depends strongly on the mass halo rather than
on stellar mass (Woo et al. 2013).
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Galaxy surveys have been very successful in detecting high-
density structures, which can be used to study the quench-
ing processes as a function of global environment (clusters,
groups, filaments, voids) or of local density, through different
definitions of the galaxies number density. Good examples are
SDSS (e.g., Yang et al. 2007) and MaNGA (Bluck et al. 2020)
at low redshifts; and zCOSMOS (Peng et al. 2012), CANDELS
(Liu et al. 2021), GOGREEN (Balogh et al. 2017; McNab et al.
2021), CLASH-VLT (Rosati et al. 2014; Mercurio et al. 2021),
and LEGA-C (Sobral et al. 2022) at higher redshifts. In gen-
eral, multi-wavelength photometry and spectroscopic informa-
tion are combined to get accurate redshifts and to identify the
group and cluster galaxy members. Galaxy colours, emission
line properties, galaxy mass, and star formation rates (SFR) are
then derived as proxies to identify the quenched galaxy pop-
ulations. However, other surveys such as the Hyper Suprime-
Cam Subaru Strategic Program (HSC-SSP) combine only deep
broad-band photometry with a few narrow band filters to identify
group and cluster galaxy members (Lin et al. 2017; Jian et al.
2018; Nishizawa et al. 2018) and emission line galaxies (ELG,
Koyama et al. 2018; Hayashi et al. 2018). In this case, Ha or
[OII] nebular lines at a given redshift are detected, without
distinguishing between recent star formation in the galaxy and
active galactic nucleus (AGN) contribution.

The Javalambre-Physics of the Accelerating Universe Astro-
physical Survey (J-PAS, Benitez et al. 2009, 2014) was con-
ceived in order to overcome the limitations of combining broad-
band multiwavelength and spectroscopic surveys. J-PAS is a
multi-wavelength imaging survey of ~8000deg? in the north-
ern sky that is being carrying out with the 2.5 m telescope at
the Javalambre Astrophysical Observatory (OAJ; Teruel, Spain)
(Cenarro et al. 2014).

The photometric system, composed of multi-wavelength nar-
row bands, is equivalent to a low-resolution spectroscopy of
R ~ 60. It was designed to measure photo-z with an accuracy
of up to Az = 0.003 (1 + z) (Benitez et al. 2014; Bonoli et al.
2021; Hernan-Caballero et al. 2021). The large area of the sur-
vey, the characteristics of the imaging camera, and the accuracy
of the photo-z allow us to perform multiple cosmological and
galaxy evolution studies. This combination enables us to derive
the number density of galaxy clusters as a function of redshift
and mass to constrain cosmological parameters. With this setup,
we are able to map clusters and groups up to z ~ 1 and with rel-
atively small masses, producing a complete and mass-sensitive
cluster and group catalogue, in order to study the role of envi-
ronment in galaxy evolution.

As a low-resolution spectroscopic survey, J-PAS allows us
to identify the emission line galaxy population in a continuum
range of redshifts up to z ~ 1.4 through [OII], HB, [OIII], He,
and [NII] nebular lines. The emission line diagnostics, such as
[NII]/Ha and [OIII]/HB, allow us to discern between AGN and
star forming galaxies up to z ~ 0.35 (Martinez-Solaeche et al.
2021). Furthermore, we have already proven the power of J-PAS
to identify and characterise the emission-line galaxy population
in the AEGIS field (Martinez-Solaeche et al. 2022) making use
of the miniJPAS survey. Briefly, miniJPAS is a proof-of-concept
small survey covering ~1 deg?, taken with the same photometric
system as J-PAS and the Pathfinder camera (Bonoli et al. 2021).
The photo-z is derived for 17 500 galaxies per deg? with rspss <
23, of which ~4200 have |Az| < 0.003 (Hernan-Caballero et al.
2021). Moreover, with miniJPAS we have shown the capability
of the J-PAS filter system to dissect the bimodal distribution of
red and quenched and blue and star-forming galaxy populations
and their evolution up to z ~ 1 (Gonzalez Delgado et al. 2021).
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In this work, we discuss the role of group environment in
quenching galaxies by comparing the properties of the group
members detected in the extended growth strip with the galax-
ies that are in lower density environments, that is, in the field.
For this, we use the miniJPAS survey and the group cata-
logue constructed using the Adaptive Matched Identifier of Clus-
ter Objects (AMICO) code (Maturi et al. 2005). Our purpose
is to show the power of J-PAS to search for the role that
environment plays in the evolution of galaxies; in particular
to quench their star formation. The accuracy of the photo-z
(Herndn-Caballero et al. 2021) provided by miniJPAS allowed
us to retrieve a group catalogue with halo masses down to several
times 10'* M, (Maturi et al. in prep). Further, the analysis of the
multi-band data of miniJPAS (J-spectra, hereafter) with the full
spectra fitting method adapted to multi-narrowband (NB) data
allows us to obtain the star formation histories of the galaxies,
which in turn allow us to identify the quenched galaxy popula-
tion in groups and in lower density environments.

This paper is structured as follows. Section 2 briefly
describes the data and properties of the sample analysed here.
Section 3 explains the method used to fit the J-spectra, the classi-
fication of galaxies according to their environment, and the iden-
tification of the most massive galaxy in each group. In Sect. 4 we
present the inferred stellar population properties of the galaxies,
and we compare the properties of galaxies in groups and in the
field. Section 5 presents the fraction of red and blue galaxies as
a function of local density and global environment. In Sect. 6 we
discuss the results in terms of the excess of the quenched frac-
tions in groups, and the evolution of the galaxy quenched rate in
groups. Finally, the results are summarised in Sect. 7.

Throughout the paper we assume a Lambda cold dark matter
(ACDM) cosmology in a flat Universe with Hy = 67.4kms™!
and Qy = 0.315 (Planck Collaboration VI 2020). All the stel-
lar masses in this work are quoted in solar mass units (M)
and are scaled according to a universal (Chabrier 2003) initial
stellar mass function. All the magnitudes are in the AB-system
(Oke & Gunn 1983).

2. The data and sample
2.1. Data: observations and calibration

The observations consist of four pointings in the extended
growth strip covering an area of ~1 deg?. The data are from the
miniJPAS survey (Bonoli et al. 2021) and were obtained with the
2.5 m Javalambre Survey Telescope (JST/T250) located at the
OAJ (Cenarro et al. 2019) with the Pathfinder camera. The mini-
JPAS data were obtained with the J-PAS photometric system that
contains 54 narrow-band filters of full width at the half maxi-
mum (FWHM) of 145 A equally spaced every ~100 A covering
3780 to 9100 A, plus two mid-band filters centred at 3479 A and
9316 A, and the broad SDSS bands u, g, r, i. This system is equiv-
alent to a spectral resolution of R ~ 60.

The observations were processed by the Data Processing
and Archiving Unit group at Centro de Estudios de Fisica del
Cosmos de Aragén (CEFCA; Cristébal-Hornillos et al. 2014) as
described in Bonoli et al. (2021). The photo-z were estimated by
the JPHOTOZ package developed at CEFCA using a customised
version of the LEPHARE code (Arouts etal. 1999). A new
set of stellar population synthesis galaxy templates was opti-
mised for the miniJPAS filter system (Herndn-Caballero et al.
2021). The results show that miniJPAS at rspss < 23, has
~17 500 galaxies with valid JPHOTOZ estimates, ~4200 of which

are expected to have |Az| < 0.003. All the images and associated
catalogues are publicly available at'.

2.2. Sample

The galaxy sample used in this work is an extension of that
analysed in Gonzdlez Delgado et al. (2021). It was retrieved
from the dual-mode miniJPAS catalogue, selecting according to
rspss < 22.75 (MAG_AUTO), and redshift (photo —z < 1). We also
use the ‘stellar-galaxy locus classification’ total_prob_star
parameter (Lopez-Sanjuan et al. 2019; Baqui et al. 2021) listed
in the miniJPAS photometry catalogue to select extended
sources (total_prob_star < 0.5). We use as photo-z the
lephare_z_ml parameter listed in the miniJPAS catalogue pro-
vided by (Hernan-Caballero et al. 2021), which is the median
redshift of the probability density function (PDF) of the photo-
z distribution for each object. In total, we select 11281 objects;
and we were able to get a reasonable SED fit for 99% of the
galaxies in the sample (see Sect. 3). These selection criteria are
very similar to those used by Maturi et al. (in prep.) to identify
galaxy groups and clusters in miniJPAS.

3. Analysis
3.1. The J-spectra fits

To estimate the stellar population properties of the galaxies as
a function of the environmental conditions, we fit the J-spectra
with a SED-fitting code. Figure 1 shows several examples of
the J-spectra of galaxies that belong to three AMICO groups,
at redshift ~0.07, 0.27, and 0.57. Red galaxies and galaxies with
Ha emission (presumably star-forming galaxies) are present in
these groups. The signal-to-noise ratio (S/N) and the quality of
the J-spectra are very similar for the red and blue galaxy popu-
lations in miniJPAS (Gonzdlez Delgado et al. 2021).

Here, we wuse the SED-fitting code BaySeAGal
(Gonzdlez Delgado et al. 2021) to fit the J-spectra. This is
a Bayesian parametric code that assumes the latest versions
of the Bruzual & Charlot (2003) stellar population synthesis
models (Plat et al. 2019, hereafter C&B). The C&B models
follow the PARSEC evolutionary tracks (Marigo et al. 2013;
Chen et al. 2015) and use the Miles (Sanchez-Blazquez et al.
2006; Falcon-Barroso et al. 2011; Prugniel et al. 2011) and
IndoUS (Valdes et al. 2004; Sharma et al. 2016) stellar libraries
in the spectral range covered by the J-spectra data.

The code assumes a SFH? = SFH(z; ®), where ¢ is the look-
back time and ® is a parameter vector that includes the stel-
lar metallicity (Z,), a dust attenuation parameter (Ay), and the
parameters (k, ty, 7) that control the time evolution of the SFR?,
(). We assume a delayed-7 model of the form:

fo—t
T

Y =k

where t is the time of the onset of the star formation in lookback
time, 7 is the SFR e-folding time, and k is a normalisation con-
stant related to the total mass formed in stars. The galaxy stellar
mass is calculated from the mass converted into stars accord-
ing to the SFH and the luminosity of the galaxy, and taking into
account the mass loss of the single stellar population synthetic
models owing to stellar evolution.

exp [=(to — /7], ey

' http://archive.cefca.es/catalogues/
minijpas-pdr201912

2 Star Formation History.

3 Star Formation Rate.
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Fig. 1. Images and J-spectra of several galaxy members in three AMICO groups. Upper panel: images of the central part of G1054, G1011, and
G1005. The most massive galaxy in each group is marked with a circle. Middle and bottom panels: J-spectra (MAG_AUTO) of galaxy members of
G1054, G1011, and G1005, as labelled. The most massive galaxy (marked with a circle in the upper panel), the second most massive galaxy in
each group, and other galaxy members of the group are shown. J-spectra are shown as coloured dots, while the best model fitted by BaySeAGal
for each J-spectrum is plotted as a black point; the grey band shows the magnitudes of the mean model + one o uncertainty level. The differences
between the observed and best model fitted magnitudes are plotted as small coloured points around the black bottom line. Masked filter (white
circles) and filters overlapping with the emission lines He, [NII], [OIII], HB, and [OII] (grey circles) are not used in the fits. The dashed vertical
lines show the wavelength positions where the He, [OIII], and [OII] could be in emission at the redshift of each galaxy. The He line is clearly
detected in the galaxies 2243-12307 and 2243-12394 that belong to G1011, and 2470-10291 of G1054.

BaySeAGal follows a Markov chain Monte Carlo (MCMC)
approach that explores the parameter space and constrains the
parameters of the SFH that fit the J-spectra. The code allows us
to retrieve the chains and their X2 likelihood, to derive the PDF
for each of the stellar population properties (stellar mass, stel-
lar age, dust attenuation, stellar metallicity, and colours), and
the median and sigma of the chains as its inferred value and
error.
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The solutions from the J-spectra fits reproduce the
56 miniJPAS magnitudes of galaxies of different types quite well
within the uncertainties and independently of the redshift and
brightness range (e.g., Fig. 1). The emission lines from young
star forming regions and/or AGN contributions are not fitted with
this code. Therefore, the NBs affected by the contribution of
the most relevant lines, Ha, HB, [NI1]16584, 6548, [OII1]15007,
4959, and [OII]A3727, are removed from the J-spectra fit at the
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Fig. 2. Observational properties of the sample and distribution of the AMICO galaxy members. Upper-left panel: redshift—-magnitude diagram
for the whole sample colour coded according to the probabilistic association, P,... Middle-left panel: redshift distribution. Bottom panel: rspss
(MAG_AUTO) distribution. Here we show the galaxies in a group environment (black line), and galaxies in the field (grey histograms). The dis-
tributions of the full miniJPAS sample of galaxies are also shown (light grey histograms). Right panel: contours show the density galaxy map
distribution of the whole miniJPAS sample analysed here. The points show the distribution of galaxies in groups; the circles are the brightest and
most massive galaxy of each AMICO group. Points are coloured according to photo-z.

redshift of each galaxy, which means that the fits are restricted
to the stellar continuum.

A more detailed explanation of the inputs and assumptions
in the code and how the results compare with other codes
such as MUFFIT (Diaz-Garcia et al. 2015), A1Star (Batista et
al. in prep.), and TGASPEX (Magris et al. 2015) can be found in
Gonzélez Delgado et al. (2021).

3.2. Galaxy classification versus environment

The Adaptive Matched Identifier of Cluster Object (AMICO)
code (Maturi et al. 2005; Bellagamba et al. 2018) is used in
miniJPAS for the detection of galaxy groups and clusters. The
code is based on an optimal filtering approach, which minimises
the noise variance under the condition that the estimated signal
is unbiased. Using the redshift of the galaxies, their magnitudes,
sky position, and the background noise as input, the code pro-
vides a factor called amplitude and the association probability
(Passoc) for each galaxy, this latter being the probability that the
galaxy is a member of a cluster or group. Because the differ-
ent clusters can overlap in the data space, more than one cluster
association can be assigned to the same galaxy through an itera-
tive approach, with the new Pygo = 1 — 2[1 Pss0c(k), where the
sum is extended to the probabilities of the previous cluster and
group assignments. This is a key parameter in our study because
it allows us to identify the galaxy members of a group or cluster,
and therefore to characterise the galaxy populations in terms of
global environment.

The good performance of AMICO and miniJPAS regarding
mass sensitivity, mass-proxy quality, and redshift accuracy show
that J-PAS will allow us to derive cosmological constraints not
only based on cluster counts but also on clustering of galaxy
clusters (Maturi et al. in prep.). From this analysis, AMICO iden-
tified ~80 groups in miniJPAS at z < 1 down to 10'® M, when
the photo-z defined as the 1ephare_z_ml is taken as the galaxy
redshift, and the rspss (MAG_AUTO) as inputs to the code.

To identify and characterise the galaxy populations in terms
of group environment, we assign a P, to each galaxy of the
sample. For this purpose, we perform a cross match of the cata-
logues with the galaxy group members and the miniJPAS galax-
ies. As mentioned above, a galaxy can have a P,y of greater
than zero in more than one of the galaxy groups in the catalogue,
and so in our analysis we only consider the highest P, o among
those for this galaxy. If a galaxy is not listed in any of the group
catalogues, we set the P, Of this galaxy equal to zero.

Roughly half of the galaxies of the sample (49%) are not
listed in any of the group catalogues, indicating that they are not
within a group environment; in contrast, only 14% of the mini-
JPAS galaxies have Pysoc > 0.5, and 7% have P, o > 0.7. We
use Pagsoc to segregate the galaxy populations into two different
environments: galaxies in groups if Pyssoc = 0.7, and galaxies
in the field if Pygo < 0.1. These two subsamples are very dif-
ferent in number, 7% and 63% of the galaxies belong to group
and field environments, respectively. However, they show similar
range in magnitude (Fig. 2). In terms of redshift, a few galaxies
in groups are detected at z > 0.8. As expected, the galaxies in
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Fig. 3. Left panel: cumulative distribution of the number of galaxy members in the AMICO groups. The distribution is derived for three values of
P, as indicated in the inset. The vertical solid line is the average number of galaxy members per group; the dashed lines show +1 sigma. Right

panel: camulative distribution of the group stellar mass.

groups trace the most dense areas of miniJPAS galaxy popula-
tions (right panel in Fig. 2). In addition to these two subsamples,
we consider the galaxies with 0.1 < Py < 0.7 as part of the
whole AEGIS sample.

3.3. Group stellar mass

Most of the high-density structures detected by AMICO con-
tain a number of galaxies that is typical of galaxies groups.
As Fig. 3 shows, half of the structures have less than ten
galaxies per group (typical value=10.4 + 7.4), which is a
number more typical of groups than clusters. However, this
number shows a strong dependence on P (Fig. 3). It varies
from ~5 (Pysoc = 0.8) to ~15 (Pysoc = 0.6) galaxy mem-
bers. However, even the highest values are still below the typ-
ical value of galaxy members in clusters. One exception is
G1001, named mJPC2470-1771 (Rodriguez Martin et al. 2022).
This is the only one that has >50 galaxy members, and
it can be considered a cluster (the most massive miniJPAS
cluster).

The halo masses obtained through the scaling relation have
values in the range of galaxy groups (in the order of 10'3 M)
(Maturi et al., in prep.). It is also known that the mass of
the dark matter halo associated with a group is well corre-
lated with the total stellar mass of the group, and with the
mass of the most massive galaxy in the group (Yang et al.
2007). Here, we can estimate the stellar mass of each group
by adding the individual galaxy stellar mass. It is worth noting
that the stellar mass of a galaxy is expected to be approximately
1%-2% of its ‘halo’ mass (Moster et al. 2010; Behroozi et al.
2013). Figure 3 shows the distribution of the group stellar
mass of the AMICO groups. Half of the AMICO groups
have log M} < 11.5[Mg]. Only, mJPC2470-1771 has log

group =
Mg > 12[Mo], and a halo mass from the scaling rela-

tion which is above 104 M. In contrast to the number of
galaxies in each group, Mgmup shows a weak dependence on
Passoc for 0.6 < Puoc < 0.8 (Fig. 3). We can therefore
conclude that, given the number of members and the stellar
mass, these AMICO structures are groups. However, M}, is
~0.11 dex lower than the total group mass calculated by weight-
ing each galaxy M, by its P, and adding all the galaxies with

Piassoc > 0.5.
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3.4. Identification of the most massive and brightest central
galaxy in each group

The brightest cluster galaxy (BCG) is the brightest galaxy within
the high-density structure, which is located at the geometrical
and kinematic centre of the cluster if it is in equilibrium. Usu-
ally, it is a massive and red early-type galaxy at the centre of the
potential well, which in many cases is coincident with the max-
imum of the X-ray emission. However, the structures found in
miniJPAS by AMICO are not particularly big; they are mainly
groups, as we have already pointed out. The identification of
the brightest and most central galaxy of each group is not easy,
because the brightest and the most massive galaxy do not have
to be at the centre of the structure.

First, we need to determine the geometrical centre of the
group. For this we only use the first five galaxies with the high-
est P,gsoc that are listed in the AMICO catalogue of each group.
A distance probability (Pgis) is then associated to each galaxy
group member; this scales with the distance in a linear way and
is equal to one for the galaxy that is closest to the centre, and
zero for the galaxy that is at the greatest distance from the group
centre. Similarly, we associated to each galaxy a mass probabil-
ity (Pmass)» Which scales with the galaxy mass and is equal to
one for the most massive galaxy of the group and zero for the
least massive galaxy in the group. Once these normalised prob-
abilities were defined, we chose the most central, most massive,
and brightest galaxy of each group by selecting galaxy member
that has the highest P = Pjygoc X Pist X Pmass- For many of the
groups, this galaxy coincides with the most massive galaxy and
the brightest galaxy of the group (BGG). We note that, in gen-
eral, there may not be a galaxy in the geometrical centre of the
group, and that the BGG may not be the galaxy with the highest
Passoc OF the brightest galaxy in the group, but its mass is similar
to the most massive one. One example is presented in Fig. 4 for
the AMICO group G52. The galaxy ‘2470-13620’ is one of the
galaxies with the highest P,g0c, is the most massive galaxy, and
is the brightest galaxy in the group, but it is not the one closest
to the centre.

3.5. Local density of galaxies in the group environment

The local density is a proxy of the local environment, which
is sensitive to the processes taking place on small scales
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of the average values.

(e.g., Calvi et al. 2018). It can be defined in different ways (e.g.,
Muldrew et al. 2012); for example, by counting galaxies within
a fixed radius (such as 0.5Mpc or 1.0Mpc) or by measuring
the distance to the Nth nearest neighbour (dy). Usually, N of
between 3 and 5 is enough to characterise small scale environ-
ment, while N ~ 10 is for large-scale and denser environment.
To characterise the local density of galaxies in miniJPAS, we
use the environment indicator X5 (Lopes et al. 2016), which is
defined as X5 = 5/ (ﬂdg) and describes the local number den-
sity around a galaxy within an area defined by the projected area

of the fifth nearest neighbour (ds) within a given redshift slice
(Dressler 1980). With this definition, the local density is mea-
sured in units of galaxies per Mpc~2.

The distribution of log Zs[Mpc~2] for the miniJPAS galaxy
sample ranges from —1 to 2.5, with an average value of 0.1
(Fig. 5). This mean value is low, and lower than the local
density expected for galaxies located in the centre of clusters
log X5 [Mpc_z] >2 (see e.g., Lopes & Ribeiro 2020). The frac-
tion of galaxies above log =5 [Mpc 2] > 2 is small (<0.2%), sug-
gesting that certainly there are not too many high-overdensity
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structures, such as clusters, in miniJPAS. However, the galax-
ies in AMICO groups are tracing the local overdensity in mini-
JPAS, with an average value of logXs [Mpc~2] equal to 0.67
(std=0.52). We stress that the distribution of log X5 for galaxy
group members changes very little with P, (See panel right in
Fig. 5). The average of log £5 changes from 0.57 to 0.75 Mpc >
when galaxies with P, larger than 0.6 or 0.8 are taken as
galaxy members. Thus, the galaxy members of the AMICO
groups are tracing intermediate densities, and they are very use-
ful for studying the role that the group environmental condi-
tions play in quenching the star formation in galaxies. It is also
interesting to note that the BGGs of these groups are tracing a
similar distribution of the local overdensity to the satellite galax-
ies, because they are found in the regions with higher contour
densities (see right panel of Fig. 2), which also have an equal
average value of log X5 of 0.64 (std =0.53). On the other hand,
the galaxies in the field have an average log Xs [Mpc~2] of 0.03
(std =0.39), which is significantly lower than the average density
of galaxies in groups. We note that there is some overlap between
the log X5 [Mpc~2] distributions of the field and group popula-
tions (right panel in Fig. 5). There are field galaxies located in
overdensity regions with log s [Mpc~2]> 0.5 and some galaxy
group members in regions of log X5 [Mpc 2] <0.

4. Stellar population properties of galaxies in
groups

Previous works have pointed out several divergent and/or
contradictory results when the properties of galaxies are
studied as a function of environment. For example, earlier
SDSS works found that there is a correlation between galaxy
colour, age, metallicity, and SFR with the environment den-
sity (e.g., Blanton et al. 2005). At a fixed stellar mass, both
the star formation and the nuclear activity depend strongly
on local density (Kauffmann et al. 2004). On the other hand,
Blanton & Moustakas (2009) found that the position of the
blue cloud and red sequence are independent of environment.
The colour-mass and the colour-concentration indices do not
vary strongly with environment (Baldry et al. 2006). Further,
Bamford et al. (2009), using morphological classification from
the Galaxy Zoo, conclude that morphology does not depend on
environment once the colour of a galaxy is fixed. However, old
galaxies are preferentially located in dense regions, and at a fixed
Sersic index, the stellar population ages depend strongly on den-
sity (Baldry et al. 2006).

Thanks to the development of codes to find groups (e.g.,
Yang et al. 2007), galaxy properties have been studied by dis-
tinguishing between the satellite and central galaxy populations.
For example, Pasquali et al. (2010) found that satellite galax-
ies are older and more metal-rich than central galaxies of the
same stellar mass. Further, the slopes of the age—stellar mass and
the metallicity—stellar mass relations become shallower in dense
environments (Petropoulou et al. 2012). In contrast, more recent
works using samples at higher redshift (z < 1) find that the differ-
ences between the properties of central and satellites populations
are not significant (Sobral et al. 2022), although the transforma-
tion that drives the evolution of the overall galaxy population
must occur at a rate that is two to four times higher in groups
than outside of them (Kovac et al. 2010).

In this section, we present our comparison of the stellar pop-
ulation properties of the galaxies in groups with those that are in
the field using miniJPAS. Our SED-fitting analysis allows us to
derive in a consistent way the SFH parameters (7 and ¢0), SFR,
sSFR, age, and metallicity of the stellar populations. We also
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derived the rest-frame galaxy colours corrected for dust extinc-
tion to segregate the galaxy populations into blue and intrinsi-
cally red galaxies and to study the variation of their properties
as a function of group environment. Moreover, we discuss here
the evolution of the stellar population properties of galaxy group
members since z =1 in comparison with those of galaxies in the
field.

4.1. Stellar population properties

To study the role of group environment in the evolution of
galaxies, we first compared the stellar population properties of
galaxies in groups (Passoc =0.7) and in the field (Pyssoc <0.1).
Specifically, we compared the galaxy stellar mass, age, extinc-
tion, stellar metallicity, rest-frame colour, extinction-corrected
rest-frame colour, the time of the onset of star formation, and
the e-folding time (log M., (log age)m, Ay, {10g Z)m, (U —)res,
(u — P)int> to, and T, respectively). These properties were calcu-
lated using MAG_AUTO magnitudes.

The distributions of log M, (log age)m, (U—7)ress (U—T)int to,
and 7 for galaxies in groups and in the field are different; in con-
trast the distributions of Ay and (log Z, )y are similar (Fig. 6).
Masses, ages, and colours of the group population are clearly
shifted to higher values with respect to the field population, indi-
cating that on average the galaxy populations in the group envi-
ronment are more massive, redder, and older than in the field.
There is a shift of 0.24 dex, 0.21 dex, 0.3 dex to higher log M,
(log age)v, and to redder colours (Table 1). The distributions
of the SFH parameters 7y and 7 are significantly different. #; is
shifted to earlier epochs, and 7 to lower values in groups. These
are indicators that group galaxies started to form stars earlier
and during a shorter period of time than the galaxies in the field.
However, these results do not mean that the group galaxy popu-
lations are intrinsically more massive, redder, and older than the
field population, and the results could be more a consequence of
a large fraction of red, older, and massive galaxies in dense envi-
ronments than in the field. We discuss this point further below.

4.2. Identification of red and blue galaxies

To identify the red and blue galaxy populations in group
and field environments, we used the method developed by
Diaz-Garcia et al. (2019a) using a sample of galaxies at z < 1
from the ALHAMBRA survey, which we adapted for the galaxy
populations in miniJPAS (Gonzilez Delgado et al. 2021). We
classify galaxies as red or blue according to their extinction-
corrected rest-frame (1 — r)y, stellar mass, and redshift. We set
a colour limit defined as:

(-7 =016 x (logM, —10.) =03 x (z=0.1)+ 1.7, (2
where z is the photo-z of the galaxy and log M, is its stellar mass.
If a galaxy has (u—r)iy above this (- r)ﬁl’:‘, it is classified as red;
otherwise, the galaxy is labelled as blue. We note that galaxies
in the field and in groups are both classified as red or blue using
the same criterion detailed in Eq. (2).

Figure 7 compares the PDF distributions of the stellar popu-
lation properties of red and blue galaxies in group environments
with the distributions of galaxies in the field. Although the max-
ima of the PDFs are different, the shape of the PDF of red galax-
ies in groups is very similar to the PDFs of galaxies in the field.
The PDF of blue galaxies in groups is slightly shifted to higher
masses, older ages, redder (4 — r)wes and (u — r)iy colours, and
lower 7 values with respect to blue galaxies in the field. However,
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Table 1. Median and dispersion of the stellar population properties and SFH parameters of the red and blue galaxies in groups and in the field.

SP RG group RG field BG group BG field Group Field BGG

log My [Mo] 10.78 £0.53 10.83 +£0.58 10.16 £0.63 10.05£0.63 10.33 £0.66 10.09 £0.65 11.12+0.47
(log ageym [yr] 9.71+£0.12 9.67+0.13 9.26+0.23 9.12+0.20 9.36 £0.28 9.15+0.23 9.59+0.23
(u — r)res [mag] 2.36+0.15 2.36 £0.19 1.68 £0.43 1.48 £0.40 1.83+£0.48 1.52+0.43 2.34+£0.35
(u — 7)int [mag] 2.04+0.19 2.01+0.18 1.07+0.26 0.93+0.20 1.28 +0.48 0.98 +£0.30 1.82+0.49
Ay [mag] 0.5 £0.24 0.54+0.30 0.96 +0.44 0.86+0.43 0.86+0.45 0.85+0.43 0.66 +0.44
(log Zu)m [Zo] -0.05+049 -0.04+0.51 -0.37+0.61 -048+0.58 -0.30+0.60 —0.46+0.59 0.02+£0.46
to [Gyr] 7.7+143 7.2+ 1.54 5.89+1.86 479 £1.53 6.29+1.93 490+1.61 6.86 +1.75
7 [Gyr] 0.95+0.36 0.92+0.30 4.6+1.76 5.3+1.30 3.82+£2.20 5.10+£1.58 1.10+1.94
T/to 0.13+£0.05 0.14+£0.04 0.92+0.71 1.22+0.75 0.68 £0.72 1.19+£0.77 0.17+0.34
logsSFR[Gyr''] -159+0.62 -146+0.75 -031+0.37 -0.15+026 -045+0.72 —0.16x047 —1.22+0.90

Notes. The last column presents the properties of the BGG.

these shifts are very small, with a difference between the median
values of ~0.1dex, 0.14dex, 0.2mag, 0.14 mag, 0.1 mag, and
—0.1dex for log M,, (log age)m, (U — ")res, (U — ine, Ay, and
(log Z)m, respectively (see Table 1).

For red galaxies, the shapes of PDFs are very similar, and
there is not a significant shift between the median values of the
properties with respect to the red galaxy population in the field.
The most relevant difference is that the maximum of the PDF
peak is higher for the red galaxies in groups. This is an indication
that the fraction of red galaxies is larger in a group environment
than in the field. This is a well-known result in galaxy cluster
and group studies (Dressler 1980; Balogh et al. 2004, 2009). We
discuss this point further in Sect. 5.

4.3. Specific star formation rate of miniJPAS galaxies

The dependence of the SFR and sSFR on environment has also
been studied in the past. Kauffmann et al. (2004), for instance,
found that sSFR is the most sensitive property to the local galaxy
density. In contrast, other works suggest that the sSFR and its
relation with the galaxy stellar mass of star forming galaxies
is independent of environment up to z ~ 1 (Pengetal. 2010;

Darvish et al. 2016; Sobral et al. 2022). However, in very dense
environments, a reduction in the SFR was found (Haines et al.
2013); although this reduction could be produced by the pres-
ence of a large fraction of red-disc galaxies with respect to less
dense environment (Erfanianfar et al. 2016).

We calculated the SFR of each galaxy using the SFH derived
from the fits by adding the mass gained during the last 100 Myr,
and dividing this quantity by this period of time. This number is
representative of the current SFR in the galaxy, and it is nearly
equal to the SFR calculated using a period of time of ~30 Myr,
which is the epoch in which the galaxy optical luminosity is
dominated by O and BO stars, and the Ha line is detected in
emission (Asari et al. 2007).

Figure 8 shows the cumulative distribution of sSFR val-
ues for galaxies in miniJPAS, and in the subsamples of galax-
ies in groups and in the field. Clearly, there is a difference of
~—0.29 dex (median value) between the galaxies in groups and
those in the field. Therefore, as pointed out by Kauffmann et al.
(2004), sSFR is very sensitive to the environment, being lower
in environments of high local density. However, this shift to
lower sSFR is mainly due to the existence of a larger fraction
of red galaxies in groups than in the field. The difference is
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Fig. 8. Cumulative distribution of the specific SFR of the whole sample
(light grey), the field galaxies (black line), the galaxy members of the
AMICO groups (magenta), red galaxies in groups (dark red) and in the
field (light red), and blue galaxies in groups (dark blue) and in the field
(light blue). The vertical line shows the sSFR limit below which the
galaxies are considered to be quenched.

smaller when the comparison is done considering the red and
blue galaxy populations separately. The difference in the sSFR
between galaxies in groups and in field is —0.16 and —0.13 dex
for the blue and red populations, respectively. Therefore, we con-
clude that in the miniJPAS sample, the dependence of the sSFR
on the group environment is small, ~0.15 dex, when the red and
blue galaxy populations are considered separately.

4.4. M,—sSFR relation in galaxies in groups

The star forming main sequence (SFMS) is the correlation
between the SFR of a galaxy and its galaxy stellar mass. This
relation is tight with a dispersion of only 0.2-0.3 dex at a fixed
stellar mass and with a slope that is close to but below 1
(Brinchmann et al. 2004; Renzini & Peng 2015; Peng et al. 2010).
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There is also a tight relation between the intensity of the star
formation and the stellar mass density of each galaxy region
(Gonzdlez Delgado et al. 2016; Cano-Diazetal. 2016), which
defines a local SFMS, with a slope similar to the global galaxy
SEMS. This suggests that local processes are relevant when deter-
mining the SFR in the disc of galaxies, probably through a den-
sity dependence of the SFR law (Gonzalez Delgado et al. 2016).
Recent results from the MaNGA survey confirm that the star for-
mation in galaxies is governed by local processes within each
spaxel (Bluck et al. 2020).

Nowadays, it is well-known that the star formation happen-
ing in the Universe since z ~ 1 is mostly produced within blue
galaxies, which in turn result in the SFMS (Brinchmann et al.
2004; Madau & Dickinson 2014), and the SFMS has existed
since high redshift (Noeske etal. 2007; Elbazetal. 2007;
Whitaker et al. 2012; Tasca et al. 2015). A similar correlation
exists between the sSFR and the galaxy stellar mass. Because
the SEMS shows a slope of <1, the sSFR declines weakly with
increasing mass (Salim et al. 2007; Schiminovich et al. 2007).

Many previous works found that the SFMS is independent of
environment (Peng et al. 2010; Darvish et al. 2015, 2016), and
showed that the dependence of the SFR and the sSFR on the
environment may be due to a larger fraction of quiescent galax-
ies in high-density environments. These latter authors suggest
that environment does not regulate the build-up of mass in star
forming galaxies.

Figure 9 shows the relation between log sSFR and log M,
for galaxies in low-density environments and in groups.
Blue (BG) and red galaxies (RG) are properly separated in the
log sSFR and log M, relation. As expected, BGs define the
SEFMS at a fixed stellar mass, while RGs are below this obser-
vational relation. To explore the dependence of the SFMS on
environment, we fit a linear relation (log sSSFR=b+a log M,)
only to the star forming galaxies. Peng et al. (2010) proposed
that only blue galaxies with sSSFR > 0.1 Gyr~! are actually star
forming galaxies. Here, we exclude all the RGs and BGs that
have sSFR below this threshold for fitting the SFMS. The results
of the fit are (a,b) = (—0.23 + 0.02,2.0 + 0.2) for galaxies in
groups, and (a, b) = (-0.15 £ 0.01, 1.3 + 0.1) for galaxies in the
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field. The differences between the SFMSs of star forming galax-
ies in groups and in the low-density environment are small, being
negligible in the low-mass bins and ~—0.18 dex in log sSFR for
log M, > 11. Thus, there is a reduction in star formation only in
massive galaxies that are in a group environment with respect to
the galaxies in less dense environments.

4.5. Mass—colour diagram versus environment

The bimodal colour distribution of galaxy populations is clearly
seen in the (4 — r)in—log M, diagram (Fig. 10).The rest-frame
colour corrected for extinction (e.g., (u — r)ip) is more useful
than (1 — r). for segregating the red and blue populations and
for accounting for the fraction of red and star forming galaxies
in the sample. The miniJPAS galaxies in the log M,—(u — r)int
diagram are clearly distributed in the red sequence and the blue
cloud, with the galaxies in the red sequence being typically
old and metal rich (Gonzélez Delgado et al. 2021). This mass—
colour bimodal distribution is in place for the group and the field
galaxy populations, although the fraction of galaxies that popu-
late the red sequence and the blue cloud are different (Fig. 10).
It is well known that the bimodal colour distribution of
galaxies is connected to the SFR and sSFR of galaxies,
in the sense that blue galaxies have higher SFR and sSFR
than red galaxies (Brinchmann et al. 2004; Salim et al. 2007,
Renzini & Peng 2015; Gonzilez Delgado et al. 2016, 2017,
Lépez Fernandez et al. 2018). This result is clearly confirmed by
our analysis in the AEGIS field in the colour (# — 7)i,—log M,
diagram (Fig. 10) for galaxies in the field and in groups. We
stress that in both diagrams, red galaxies (located above the
dashed line in Fig. 10) are redder than their (u — r)'™, which is

calculated with Eq. (2) for each galaxy, and are characterised by
a sSFR (SFR/M,,) < 0.1 Gyr~!, whereas those in the blue cloud
usually have sSFR > 0.1 Gyr™.

Red colours and a sSFR below a given threshold are used
as proxies for identifying quenched galaxies. Here, we find that
the two proxies provide a similar fraction of quenched galax-
ies. Using sSFR < 0.1 Gyr™! as a threshold, we find that 28%
and 6% of the galaxies in groups and in the field are quenched,
respectively. Using the (u — r)i, colour—mass relation, the frac-
tion of quenched galaxies is 23% and 5% in groups and in the
field, respectively. Thus, the two proxies yield similar results,
and indicate that there is on average a 20% excess of quenched
galaxies in dense environments, in agreement with the findings
of Balogh et al. (2009) who studied the fraction of red galaxies in
groups at z ~ 0.4. Furthermore, we find that on average the frac-
tion of quenched galaxies is significantly higher in groups than in
less dense environments, and it is also significantly higher than
in the whole AEGIS galaxy population (lower than 8%). How-
ever, we note that this excess is a function of log M, and redshift.
We discuss this point further in Sect. 5.2.

4.6. Properties of the group central galaxies

Here, we use the term central galaxies to refer to the most
massive and brightest galaxies in each of the AMICO groups
detected. As we explained in Sect. 3, these are the most mas-
sive galaxies close to the group centre. We now present our
study of the stellar population properties of the BGGs (see
Fig. 11), and show how we compare them with the properties
of the other members of the groups, and with the sample of
galaxies in the field environment. BGGs are significantly more
massive (~1dex), brighter (~1.6 mag), redder ((# — 7)res ~0.9
higher), older ({log age)m ~ 0.9 dex higher), and more metal rich
((log Z,)m ~ 0.4 dex higher) than the rest of the galaxy popu-
lation in miniJPAS. BGGs are slightly less affected by extinc-
tion (Ay ~0.14 mag lower) than the rest of the galaxy sample.
In terms of their star formation activity, BGGs are the galaxies
with the lowest sSFR, ~1 dex below the rest of the galaxy pop-
ulation in miniJPAS, suggesting that the star formation has been
shut down significantly in these galaxies. Additional evidence
of this shut down of the star formation taking place a long time
ago and/or happening in a short period of time comes from 7/t,
which is very small (~0.17) in comparison with the general mini-
JPAS galaxy population (7/fg ~1.3). Differences between BGGs
and the other group members are also significant, with the for-
mer being more massive, more luminous, more metal rich, older,
and with lower sSFR than the rest of the galaxies in groups (see
Table 1). The median values of sSFR, (u — r).s and 7/fy sug-
gest that BGGs are red quiescent galaxies; however, ~38% of the
BGGs are still forming stars with sSFR > 0.1 Gyr~!. However,
this fraction decreases with redshift. Only ~20% of the BGGs at
z < 0.3 have sSFR > 0.1 Gyr~'; thus ~80% are quiescent galax-
ies. This is in agreement with previous results from SDSS that
show that 80% of the central galaxies in clusters at z < 0.1 have
ceased their star formation independently of their stellar mass
(von der Linden et al. 2010).

4.7. The evolution of the stellar population properties

The environment can play a different role at different epochs.
Here, we explore the properties of the red and the blue popu-
lations in groups and in low-density environment as a function
of redshift. In particular, we explore the evolution of log M,,
(log age)m, and 7/10.
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Fig. 10. Mass—colour (rest-frame (u — r) corrected for extinction) for the field galaxy population (left panel) and galaxies in a group environment
(right panel). Dashed lines show the (1 — r)ﬂ{{‘ for the mean redshift of the galaxy population, to separate blue and red galaxies. Grey stars represent
the blue galaxies that are considered to be in a transition phase (see Sect. 6.3). The contours represent the density distribution of points in the

colour—mass plane.
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Fig. 11. Distribution of the properties of the central galaxy (brown line) compared with the properties of galaxies in groups (magenta line) and
galaxies in the field (black line). From left to right, and top to bottom: stellar mass; absolute magnitude in the r band; intrinsic stellar extinction;
stellar metallicity; rest-frame (u — r) colour; stellar age (mass-weighted); sSFR; and ratio of the SFH papameters tO and 7.

Previously, we discussed the evolution of the mini-
JPAS red and blue galaxy populations with redshift
(Gonzdlez Delgado et al.  2021). We found that red and
blue galaxies are properly distinguished by their stellar content
and properties. At any redshift bin below z = 1, the red galaxies
are older and redder than the blue galaxies; and both galaxy
populations are ageing since z = 1. The red galaxies are also
more massive than the blue population. The median of the
stellar mass values in our sample is higher at z = 1 than at
z = 0. However, this is a consequence of the incompleteness of
the sample, because galaxies less massive than 1010 M., are not
detected at z > 0.8, and galaxies with 2 X 108 Mg, are detected
only up to z = 0.15 (see Fig. 19 in Gonzdlez Delgado et al.
2021).This also applies to the actual sample.
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Figure 12 shows the average values of the various galaxy
properties in each redshift bin. Blue and red galaxies are prop-
erly distinguished by their stellar content at any redshift bin. The
local density of galaxies does not play a relevant role in set-
ting the average properties of the red galaxies, because galax-
ies in groups and in the field have, on average, equal log M,,
(log age)v, and 7/fy at any epoch; and, a similar behaviour
have the blue galaxies, although at any redshift, blue galaxies in
groups are slightly more massive, and the star formation extends
over a shorter period of time. It is worth mentioning that the
small differences between blue galaxies in groups and those in
the field are almost constant, and independent of the redshift,
although they tend to increase at lower redshifts. This is an
indication that there is a larger fraction of blue galaxies in the
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Fig. 13. Fraction of red and blue miniJPAS galaxies in different bins
of log Xs. The results for the whole galaxy sample (dots), galaxies in
groups (red and blue circles), and in the field (grey-red and grey-blue
circles) are shown.

transition phase to be transformed into red galaxies in groups.
We discuss this point in Sect. 6.3.

5. Fraction of red and blue galaxies versus
environment

5.1. The colour-density relation in miniJPAS

Large structures, such as galaxy clusters, have been extensively
used to study the role that environment plays in galaxy evolution,

in particular regarding the transformation of late-type to early-
type galaxies, and how this depends on the local density number
of galaxies. The pioneering work of Dressler (1980) revealed a
clear morphology—density (T — ) relation, showing an increase
in the fraction of early-type galaxies as a function of the local
density number of galaxies.

The miniJPAS has proven to be a very successful survey
for detecting clusters and groups with masses down to 10'3 M,
(Maturi et al. in prep.). Here, we show that miniJPAS and our
approach based on the bimodal colour distribution of galaxies
is valid for studying the role that group environment plays in
quenching the star formation in galaxies. Firstly, we show that
our analysis can reproduce a relation similar to the morphology—
density, 7T —X, relation by Dressler (1980), but using the blue-red
colour classification of the sample instead of the morphology of
the galaxy. This is justified because it is well known that the
separation of the galaxy populations into red and blue galaxies
in the colour-mass diagram is well correlated with the stellar
population properties of the galaxies (Kauffmann et al. 2003a,b),
and also with their morphology. In the local Universe, red galax-
ies are mainly elliptical- or spheroidal-dominated systems with
little star formation, while blue galaxies are disc-dominated
systems with ongoing star formation mostly concentrated in
their spiral arms (Blanton & Moustakas 2009). On the other
hand, previous works have confirmed a colour—density rela-
tion (e.g., Lewis et al. 2002; Kauffmann et al. 2004; Rojas et al.
2005; Weinmann et al. 2006; Liu etal. 2015; Moorman et al.
2016).

Figure 13 shows the fraction of red (fg) and blue (fz) galax-
ies in miniJPAS as a function of the local number density of
galaxies measured by log Xs. The error bars associated to fr and
fs in each bin of log Z5 are estimated as the confidence intervals
of a binomial distribution. We use the normal approximation and
a 68% confidence level. This distribution gives equal confidence
intervals, and therefore errors, for fr and fsz. These assump-
tions are also applied to calculate the error in Figs. 14—15. For
figures in Sect. 6, the error bars are derived after propagation
of the confidence intervals associated to the different fraction of
galaxies involved in the calculation of the property shown in the
figure.

We find that fr increases with logZXs, while f3
decreases. For example, fg increases from 0.04 at a value
of logZs [Mpc]=0.02, which is more representative of a
field environment, up to 0.2 when log Zs [Mpc_z] =0.9, a value
representative of groups. This increase is more significant, that
is, up to ~65%, when sampling the large structure of the AEGIS
field, the cluster mJPC2470-1771 (Rodriguez Martin et al.
2022). It is worth noting that fg in groups is significantly higher
than in the field for log Zs [Mpc_z] > 0; for example, fr is 0.36
for logXs [Mpc]= 1.3, while it decreases down to zero for
galaxies in the field. We can conclude that the colour—density
relation in AEGIS is driven by the galaxy group population.

5.2. Fraction of red and blue galaxies in groups

This section discusses the impact of stellar mass and group envi-
ronment on the quenching process. Broadly, two distinct sce-
narios have been proposed for quenching: mass quenching and
environmental quenching. Peng et al. (2010) found that in the
zCOSMOS sample (z < 1) the effects of stellar mass and envi-
ronment on the fraction of star forming and passive galaxies are
separable. In contrast, other studies based on the CANDELS sur-
vey (Liu et al. 2021) have found that the quiescent fraction is
relatively large at the high-mass end and at local environmental
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Fig. 14. Fraction of red and blue galaxies in different stellar mass bins
for galaxies in groups (red and blue circles) and in the field (grey-red
and grey-blue circles). The bins have a width of 0.4 dex in stellar mass
and the points are plotted at the mean mass of the galaxies that belong
to each bin.

overdensities, which suggests a dependence of quenching on
both mass and local environment.

Figure 14 shows fr and fg as a function of the galaxy stellar
mass for the group and field subsamples. We note that these frac-
tions, fr and fg, are not corrected by volume incompleteness of
the sample. In Gonzdlez Delgado et al. (2021), we showed that
galaxies with log M, ~ 10 can be detected up to z ~ 0.8 in mini-
JPAS. However, at the highest redshift bin, we can calculate fr
only for the bins of mass above 10'! M.

Galaxies with logM, < 9 were not detected in groups,
although they are in the field. For log M, > 10, the fraction
of red (blue) galaxies is significantly higher (lower) in groups
than in the field. However, the differential effect is significantly
higher for log M, > 11 than for lower masses. This suggests a
dependence of quenching on both mass and group environment.

It is well-known that the fraction of blue galaxies in the core
of galaxy clusters at intermediate redshift (z ~ 1) is higher than
in clusters at lower redshift (Butcher & Oemler 1984). To test
this result in a less dense environment, we studied the evolu-
tion of galaxy populations in miniJPAS groups. We split the
sample into three redshift bins (z < 0.3, 0.3 < z < 0.6, and
0.6 < z<0.9), and compared the fraction of red and blue galax-
ies in each of them. Figure 15 clearly shows that the fraction of
blue galaxies in miniJPAS at a fixed log M, is higher in the inter-
mediate redshift bins than at z < 0.3. For example, for galaxies
with (log M, ~ 10.6), fg is 50%, 92%, and 100% for z < 0.3,
0.3 < z2<0.6,and 0.6 < z < 0.9, respectively. This result con-
firms the Butcher-Oemler effect in miniJPAS.

In agreement with these latter findings, the fraction of red
galaxies (fr) in groups evolves with redshift, being higher at
lower redshifts. To differentiate the effect of redshift and stel-
lar mass, we compared fr in groups and in the field as a function
of log M,. It is worth mentioning that the fraction of red galaxies
detected in miniJPAS at 0.3 < z < 0.9 is small, fg ~ 10%, and
because of volume incompleteness of the sample, only galaxies
with stellar mass above log M, ~8.8 atz =0.3,and 9.9 atz = 0.7
are detected in miniJPAS (see Fig. 19 in Gonzélez Delgado et al.
2021). We find that the evolution with redshift is significant. For
instance, fg in groups and for log M, ~ 11 ranges from 0.9 at
7<03,t10036at 0.3 <z <0.6,and 0.11 at 0.6 < z < 0.9.
However, the increase in fr in groups with respect to the field
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Fig. 15. Evolution of the fraction of blue and red galaxies as a function
of galaxy stellar mass. Upper panel: fraction of blue galaxies in groups
in three redshift bins, z < 0.3 (squares), 0.3 < z < 0.6 (cross), and
0.6 < z < 0.9 (stars). Bottom three panels: fraction of red galaxies
in groups (red symbols) and in the field (grey-red symbols) for three
redshift bins.

(Afr = fls - f1§ ) does not vary significantly with redshift, where
the mean and the standard deviation are Afg = 0.13 = 0.06,
0.12+0.11, and 0.14 £ 0.16 for the low, intermediate, and higher
redshift bins, respectively. Further, the incremental effect of A fg
is less dependent on the galaxy mass at z < 0.3 than at z > 0.6.
This is also in agreement with Liu et al. (2021) who find that
the process of star formation quenching exhibits a strong depen-
dence on stellar mass at early epochs, and the mass dependence
of quenching tends to decrease with cosmic time.

6. Discussion
6.1. Fraction of quenched galaxies in groups

In addition to colours, sSSFR and SFR are also used to iden-
tify galaxies that have shut down their star formation (e.g.,
Peng et al. 2010; Bluck et al. 2019). These alternative proxies
for quenching allow the selection of galaxies outside the SFMS,
independently of their colour or morphology. Here, we follow
the criterion in Peng et al. (2010), which considers that a galaxy



R. M. Gonzilez Delgado et al.: Group environment

1.2
@® Group Passoc= 0.7
O Field Passoc < 0.1
1.0 % Group Passoc = 0.6 [ J
4 Group Passoc = 0.8
0.8 © Field Passoc < 0.1 and logZs >0
) ¥ Field P,ssoc < 0.1 and logSs <0
o
0.6 1
O g o ©
0.4 0)
* *
° w
0.2 . o o}
*

S
o.o-—-—-@-t--@--é)?__@_ ________________

10.0 10.5 11.0 11.5 12.0
log M. [MO]

8.5 9.0 9.5
Fig. 16. Fraction of quenched galaxies in different stellar mass bins for
galaxies in group environments and in the field. Different assumptions
in P, are taken for selecting galaxies in groups: Pissoc = 0.7, Passoc =
0.8, and P, = 0.6 (magenta circles, dots, and stars, respectively);
and galaxies in the field: P,goc < 0.1, Pygsoc < 0.1 and logZs < 0, and
Passoc < 0.1 and log X5 > 0 (grey circles, dots, and stars, respectively).

is quenched when sSFR <0.1 Gyr~!. This results in an average
fraction of quiescent galaxies (fg) of 28% in groups and 6% in
the field. These average values are similar to but slightly higher
than the average fraction of red (fr) galaxies in groups (23%)
and in the field (5%). The difference between the quenched and
red fractions can be accounted for by the small fraction of blue
galaxies with sSFR < 0.1 Gyr~!.

Both fo and fr change with log M,. Both show similar
behaviour with log M, ; although fq is higher than f in the high-
est mass bins. This is mainly due to a larger fraction of quenched
galaxies in groups that still have blue colours, although fq and fr
are similar for massive galaxies in the field. This difference can
be explained if there is a large fraction of post-starburst galax-
ies in dense environment with respect to the field, as found pre-
viously in clusters (Poggianti et al. 2009). Post-starburst galax-
ies shut their star formation down recently and rapidly, but they
still have an intermediate age population dominating the optical
colours.

To differentiate between the dependence of fo with log M,
and with environment, Fig. 16 shows fo versus log M, (in
0.4 dex mass bins) for galaxies in groups and in the field.
Although fq increases with log M, for galaxies more massive
than 10'° My, the increase is significantly higher for galaxies in
groups than in the field. In groups, fq ~ 4%, 50%, and 80% for
log M, ~ 10, ~11, and ~11.5; while in the field fo ~ 2%, 20%,
and 55%.

To check the dependence of fq on the criteria for group mem-
bership, we calculate fy after changing the threshold value of
Pissoc- The results indicate that fq in groups varies only a little
when P > 0.7 is changed to Pyssoc > 0.8 Or Pagsoc > 0.6. More-
over, fq goes from 79% to 71% for galaxies with log M, = 11.4,
which are the galaxies for which the difference in fq is higher.
However, the variation of fy with the criteria to select galax-
ies in the field is more significant (Fig. 16). Here, we compare
the results obtained with the following criteria: (i) Passoc < 0.1;
(i1) Passoc < 0.1, and log Z5 < 0; (iii) Pyssoc < 0.1 and logZs > 0.
Although fq is independent of the field definition for low-mass
galaxies, fq changes significantly for the galaxies more massive
than log M, > 11. Thus, fq varies from 25% to 53% in the field
at log M, = 11.4. However, in each bin of galaxy stellar mass,
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Fig. 17. Quenched fraction excess in different bins of stellar mass. Dif-
ferent symbols are the QFE measurements derived using the different
assumptions to select galaxy members of groups, or galaxies in the field
as in Fig. 16. The brown curve is taken from McNab et al. (2021), the
QFE inferred from the Schechter function fits to the GOGREEN data.
The dashed lines represent their 68% confidence interval.

the upper limit fq in the field sample is still significantly below
fq in groups. Thus, independently of the galaxy field selection,
and the galaxy group population, fq is always higher in groups.

6.2. Fraction excess of quenched galaxies

The most important characteristic of the galaxy populations in
groups with respect to less dense environments is the large frac-
tion of red galaxies. This characteristic is related to a larger frac-
tion of galaxies in groups that have quenched their star formation
with respect to galaxies in the field. This difference can be mea-
sured by the quenched fraction excess (QFE). Here we adopt the
definition given by McNab et al. (2021) in their Eq. (4):
QFE = (fsr = fsp)/ fsp» 3)
where f§. and f§. are the fractions of star forming galaxies in
the field and in groups, respectively. We note that a larger frac-
tion of quenched galaxies is equivalent to a lack of star form-
ing galaxies in groups with respect to low-density environments.
QFE represents the fraction of field star forming galaxies that
need to be quenched at the epoch of observation to be equal to
the quenched population in groups. This measures the quench-
ing that can be attributed to the group environments. This def-
inition is equivalent to the environmental quenching efficiency
defined by Peng et al. (2010), Wetzel et al. (2015), Nantais et al.
(2017), and van der Burg et al. (2018), the transition fraction
by van den Bosch et al. (2008), and the conversion fraction by
Balogh et al. (2016), and Fossati et al. (2017).

Here, we present our study of the behaviour of QFE in
response to varying M, (Fig. 17). QFE increases with M, for
galaxies above 10'0 M, and is smaller than ~10% for galaxies
less massive than 10'° M, and is negligible below 10? M. This
behaviour is independent of the definition of field and the value
of Passoc to select galaxy members in groups. For example, for
galaxies of 10'°-10'! My, QFE changes by <5%, when galaxy
members of the groups are selected with Py > 0.6 or greater
than 0.8 instead of 0.7. A similar effect is produced when only
galaxies with £5 > 1 Mpc~2 or below this density are included
in the sample of field galaxies, as well as P,goc <0.1. A larger
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effect is found for mass bins higher than 10'! M. In this range,
QFE increases from 0.48 to 0.67 by changing the field definition.

The relation between QFE and M, found in our work is sim-
ilar to that derived for high-density environments (Balogh et al.
2016; van der Burg et al. 2020; McNab et al. 2021). However,
we find relevant differences with respect to cluster environments
(McNab et al. 2021; van der Burg et al. 2020). For example, in
the GOGREEN survey (Balogh et al. 2017), which measures the
rate of environmentally driven star formation quenching in clus-
ters at z ~ 1, QFE is constant at ~0.4 for logM, < 10.5
(McNab et al. 2021; van der Burg et al. 2020); while we find that
QFE in group environments is significantly smaller (< 0.1) for
galaxies with 10'° M. For more massive galaxies in clusters,
QFE increases up to ~1 for galaxies of log M, = 11.5; while
in AEGIS groups, QFE increases with stellar mass but only up
to 0.6 for logM, = 11.5, and rises to 0.4 for logM, = 11.
It is interesting to note that QFE ~ 0.4 is the value derived by
Peng et al. (2012) for low-redshift satellite galaxies; and is the
value that we derive for galaxies of 10'! M,

6.3. Fraction excess of transition galaxies

It is interesting to identify galaxies that are in a transition phase
between the blue cloud and the red sequence because this popu-
lation provides clues as to the rate of environmental quenching.
Post-starburst galaxies, blue quiescent galaxies, red spirals, and
green valley galaxies (Poggianti et al. 1999; Tojeiro et al. 2013;
Schawinski et al. 2014; Lopes et al. 2016) form part of these
transition galaxy populations.

First, we identified blue quiescent galaxies as those galax-
ies classified as blue by their colour in the (u — r)j,—log M,
plane and with sSFR < 0.1 Gyr~!. They are below the SFMS
(see Fig. 9) and are expected to be galaxies in a transition phase
between the blue cloud and the red sequence. Furthermore, in
the colour (u — r)in—log M, diagram they are located in the area
just below the red sequence (see Fig. 10), where the so-called
green valley is located (Schawinski et al. 2014). The fraction
of these galaxies in miniJPAS is small (2.3%), but is signifi-
cantly larger in the group environments (6.7%) than in the field
(1.8%). The fraction excess of these galaxies, defined as the dif-
ference between the fraction of transition galaxies in groups with
respect to those in the field, fic' - le is not constant with M,.
Although uncertainties are large due to the small number of tran-
sition galaxies in each bin of galaxy stellar mass, we find that
the differential fraction (Af;) is equal to zero for galaxies with
log M, > 11, but increases from 5% to 9% for galaxies with
masses between 10'%> and 10° M. These results are consistent
with those obtained by McNab et al. (2021) for the galaxy mem-
bers of clusters from the GOGREEN survey, where fiG - fiF for
the blue quiescent galaxy population increases to lower galaxy
masses up to ~10%.

Instead of colours and sSFR, some studies use the relative
position of the galaxy with respect to the SFMS to identify green
valley objects. Here we use the Bluck et al. (2020) definition,
where green-transition galaxies are those that for a given mass
bin have a variation with respect to the SFMS, ASFR (log SFR —
log SFRys), between —0.5 and —1 dex. Using this definition and
the SFMS law for star forming galaxies in groups and in the field
derived in Sect. 4.4, we identify this transition galaxy popula-
tion. The fraction of this transition population and its behaviour
with log M, is similar to that derived for the blue quiescent pop-
ulation. Further, both criteria to identify the transition galaxy
population provide a value of fG fF that is compatible with the
results derived in the GOGREEN survey (McNab et al. 2021).
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Fig. 18. Ri7; as a function of galaxy stellar mass, calculated from
Eq. (4). Orange points represent the values obtained using the colour—
sSFR definition for the transition galaxies (TG2). Green points rep-
resent the values obtained using the A SFR definition for transition
galaxies (TG1). The magenta and grey shades correspond to the dif-
ferent assumptions on P, for the group members and field galax-
ies, respectively. Light green and coral lines are the results from
McNab et al. (2021) for the green and blue quiescent galaxy popula-
tions in GOGREEN. Dashed lines (same colours) represent the 68%

confidence limits of their fit.

The excess in the abundance of transition galaxies is related
to the rate of the environmental quenching and the time spent
in that phase. If R; is the fraction of field star forming galaxies
that are quenched per unit of time as they are falling into the
group, and 7; the time spent in the transition phase, the relative
abundance excess of transition galaxies is:

=(fS - I fa - 4)

As pointed out by McNabetal. (2021), this equation
requires several assumptions: (i) the mass accretion rate is con-
stant with time; (ii) the abundance excess of transition galax-
ies is produced only by quenching; (iii) the number of transition
galaxies attributable to non-environmental effects is proportional
to the total galaxy population.

Figure 18 shows R;7; as a function of the stellar mass calcu-
lated with Eq. (4) assuming different definitions of the galaxies
in groups and in the field. Pysoc changes from 0.6 to 0.8, and
galaxies with Py < 0.1 and logXs > 0 or <0 are selected to
belong to the field. As explained above, we use different assump-
tions for selecting transition galaxies based on the sSFR and
(u — r)ine colour (magenta and grey points), or by ASFR with
respect to the MSSF (green points). It is difficult to estimate R;t;
for galaxies with masses larger than 10'! M. The value of R;;
shows differences depending on whether we select the transi-
tion galaxies according to the green valley or the blue quiescent
galaxies. For mass bins lower than 10'" My, R;7; is only weakly
dependent on the field or galaxy group member selection, and on
the transition galaxy population definition. There is an increase
in Ri7; with decreasing mass, with a maximum of R;7; ~ 0.1 at
10'%3 M, and a plateau of 0.05 for lower masses. These find-
ings are compatible with those of McNab et al. (2021) for the
GOGREEN survey. However, the results of these latter authors
show an increase in R;7; with decreasing mass, and the mass
threshold for R;; > 0is 10'! M, for the blue quiescent galaxies
and 10'%> My, for the green valley populations. It is worth point-
ing out that the 68% confidence limits in R;7; for the GOGREEN

Ri7i
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survey are compatible with the maximum R;7; at 10'%> Mg in
miniJPAS, and the lack of constraint in the most massive galax-
ies of the sample.

6.4. Transition timescales

To infer the rate of environmental quenching R;, we need to
know the time that the transition galaxies spend in this phase, 7;.
Some authors have suggested that 7; ~ 0.5Gyr, in particu-
lar for post-starburst and blue quiescent galaxies (Belli et al.
2019; Muzzin et al. 2014). In other works, 7; is equivalent to the
time that the galaxy spends fading its star formation (#fq.). In
particular, Balogh et al. (2016) estimated fpg. = 0.5 £ 0.2 Gyr
for clusters and 0.9 + 0.3 Gyr for groups from the surveys at
08<z<1.2.

Here, we calculate 7; as the fading timescale (#gq4.), Which
is related to the relative abundance of the transition galaxies
with respect to the star-forming galaxy population (Balogh et al.
2016). Thus,

— _ _ (G ¢G G
Ifade / tSF+trans = Ti/tq =7/T = f; /(st + f; ) (5)
where fspiyans 1S the time during which all the presently star
forming and transition satellite galaxies fall into the cluster,
and can be approximated to the lifetime (7') of the cluster at
a given epoch, which is also equivalent to the total quenching
timescale (#q).

Balogh et al. (2016), using the Millennium simulations
(Springel 2005), and assuming that QFE evolves similarly to the
fraction of halo mass assembled, find that 7, evolves similarly
to the dynamical time as A X (1 + z)™>/2, where A is the look-
back time when the halo started to assemble satellites, and has a
small dependence on the halo mass. Assuming that our AMICO
groups have a halo mass of several times 10'* M, we derive
T = tq ~ 6.5Gyr for the mean redshift (z = 0.39) of our tran-
sition galaxies; and 7; = frge ~ 0.8 Gyr and 1.5 Gyr if colour
and sSFR (TG1) or AS FR (TG2) are used to select the transition
galaxy population in miniJPAS. These values are in agreement
with the average #;,q. derived by Balogh et al. (2016) for groups
in a similar range of redshift.

6.5. The evolution of group galaxy quenching

To explore the evolution of the group galaxy quenching rate, we
divided the group sample into four redshift bins from 0.05 to
0.85 with a width of 0.2. First, we derived T (ty) for the mean
redshift within each bin, and 7; (#¢.) using Eq. (5) for each
redshift interval. Then, we derived the evolution of the rate of
the group galaxy quenching from Eq. (4) and 7; in the four red-
shift bins (Fig. 19). Further, we calculated T (ty), 7j (#fage) and
R; for the two proxies used to define transition galaxies: blue
colour and sSFR < 0.1 Gyr™! (blue quiescent galaxies, magenta
points) or —1 < ASFR < —0.5 dex (green valley, green points).
It is remarkable that both proxies provide similar results for
the group galaxy quenching rate (R) within the uncertainties,
which are compatible with a modest but significant evolution
in R from z ~ 0.8 to 0.2. This evolution is compatible with
the expected evolution by a constant QFE = 0.4; R = QFE/T
with T being the lifetime of a cluster formed at z = 3 at each
given epoch (dashed line in Fig. 19). This line also connects
with the quenching rate R derived for GOGREEN clusters at
z = 1.2 (grey-yellow cross) from McNab et al. (2021). Other
results from Paccagnella et al. (2019), Poggianti et al. (2009),
and Muzzin et al. (2012) as adapted from McNab et al. (2021)

W/ Paccagnella + 2019
[ Poggianti + 2009
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Fig. 19. Rate of group galaxy quenching in four redshift intervals
for miniJPAS. The rate is calculated using two proxies for selecting
transition galaxies (orange and green points). Results from Fig. 15 in
McNab et al. (2021) are shown (grey-red points). 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 + z)*/? scaled to R = 0.05 Gyr™! at
z = 0 (see the text for further explanation).

are shown in Fig. 19. The evolution of the inverse of the dynam-
ical time, (1+2)*/2, scaled to R = 0.05 Gyr~! at z = 0 is also plot-
ted. Although our uncertainties are large, in particular at the two
highest redshift bins, R is below this evolutionary line. We there-
fore conclude that the rate of group quenching shows a modest
evolution that is compatible with a simple model in which QFE
is constant and equal to 0.4 at z ~ 0. On the other hand, QFE is
equal to 0.4 at 0.05 < z < 0.25 in the miniJPAS groups.

6.6. The efficiency of group galaxy quenching

Our results suggest that galaxy quenching is less efficient in
group environments than in cluster environments, given that
QFE is about a factor of two lower in the AEGIS groups than
in clusters, at least for M, < 10'' My (see Fig. 17). This
is expected from the IllustrisTNG simulations, which show
that the quenched fraction increases with virial mass, My
(Donnari et al. 2021a,b). These latter authors found that the frac-
tion of galaxies with M, ~ 10'©M, that are quenched at
z = 0 increases from fp = 0.2 to 0.7 if they belong to halos of
Mago ~10" Mg, to 10" My, In contrast, fp ~ 0.9 independently
of M, in very massive halos (>10'* M) (Donnari et al. 2021a).

To compare the efficiency of groups with respect to clusters,
Fig. 20 compares the QFE derived from the smaller groups in our
sample (Mgroup < 5 % 10" M) with respect to the most massive
structure found by AMICO in miniJPAS, the cluster mJP2470-
1771 (Bonoli et al. 2021). A very detailed analysis of the spatial
distribution of galaxy populations (quenched star forming galax-
ies and AGNys) is presented in Rodriguez Martin et al. (2022). Its
halo mass is My = 3.3 x 10'* M. From our own analysis pre-
sented here, we estimate that this cluster is about ten times more
massive than the most massive group considered in Fig. 20. We
find that QFE is about a factor of two higher in this cluster than in
AMICO small groups, and is in agreement with what is expected
from the IllustrisTNG simulations.

From this limited analysis, we can conclude that quenching,
for galaxies with M, > 10'0 My, is less efficient in small groups
than in clusters. Small groups also seem to be less favourable
environments for quenching of galaxies with M, < 10'° M.
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Fig. 20. Quenched fraction excess derived using the less massive groups
(Mgroup < 5% 10" M) and for the most massive density structure in the
miniJPAS survey, the cluster mJP2470-1771.

A deeper potential well associated to the cluster stimulates
galaxy interactions and mergers and tidal stripping; higher
galaxy number density favours harassment; and higher ambi-
ent gas density is advantageous to ram-pressure stripping pro-
cesses. These processes do that galaxies can be quenched after
being accreted into the cluster host. Further, galaxies can also be
quenched while they are members of pre-processing group hosts
that are also accreted to the cluster.

7. Summary and conclusions

The goal of this paper is to illustrate the power of J-PAS to
investigate the role that environment plays in galaxy evolu-
tion. In particular, the role of group environment in quench-
ing star formation in galaxies, and its evolution since z ~ 1.
First, we analysed the stellar population properties of galaxies
with M, > 10° M, that belong to a sample of 80 groups with
Moo down to 10'3 My, detected by AMICO in miniJPAS. Galaxy
members of the groups were selected based on the association
probability from AMICO, P, > 0.7. A subsample of galax-
ies of miniJPAS representative of a low number density field
(Passoc < 0.1) was also selected. Using the parametric SED-
fitting code BaySeAGal, we derived the star formation history
and the stellar population properties of the galaxies that belong
to groups or to the field. In particular, we used the extinction-
corrected rest-frame colour (1 — r);y, M, and sSFR for the iden-
tification of galaxies that have shut down their star formation.
We measured the abundance of the red and blue galaxy popu-
lations, and the transition galaxies that are in a phase between
the blue cloud and the red sequence as a function of the galaxy
stellar mass in groups and in the field. Uncertainties associated
to the criteria for the selection of galaxies as a function of the
environment density were also studied. The main conclusions of
our study can be summarised as follows:

— Stellar population properties: Galaxies in groups are slightly
older, redder, more metal-rich, and have lower sSFR and
smaller 7/#; values than galaxies in the field. However, the
red galaxy population in groups has similar properties to that
of the equivalent galaxy population in the field. Further, the
evolution of the properties since z ~ 1 is similar for the group
and field galaxy populations.
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— BGG: The central (brighest) galaxy (BGG) is the most mas-
sive galaxy of the group. These galaxies are among the old-
est, reddest, and most metal-rich objects of the red galaxy
population. They have on average sSFR below 0.1 Gyr~!,
and 7/fp=0.17+0.34, indicating that star formation has
already shut down, as in most of the red galaxy populations
in groups and in the field.

— Abundance of red galaxies: The fraction of red galaxies in
miniJPAS increases with galaxy stellar mass; although this
fraction is always higher in groups than in the field for galax-
ies more massive than 10'° M. The fraction of blue galax-
ies decreases as the galaxy mass increases, and evolves as
expected with redshift, being lower at z ~ 0.1 than at z ~ 0.8.

— Fraction of quenched galaxies: 28% of the group galaxy
population has sSFR < 0.1 Gyr~!. This fraction is almost
independent of the threshold value of P used to define the
galaxy group members. In contrast, the fraction of quenched
galaxies in the field is only 5%, and it shows a dependence
on the field galaxy population selected for the galaxies more
massive than 10'! M.

— Quenched fraction excess: The QFE shows a strong depen-
dence on galaxy stellar mass above 10'° M, increasing from
a few percent for M, < 10'0 Mo, to 40% for 10" M, and
60% for 10" M.

— Transition galaxies: Blue quiescent and green valley galaxies
are identified as transition galaxy populations based on their
colours, sSFR, or their SFR offset with respect to the main
sequence of the star forming galaxies in groups and in the
field. The fraction of transition galaxies is higher in the group
environment than in the field.

— Ri7;: The abundance excess of transition galaxies relative
to the star forming galaxy population (R;7;) shows a slight
dependence on galaxy stellar mass, and is found to be
between 5% and 10% for galaxies less massive than 10'! M.

— Transition timescale: The transition timescale is defined as
the fading timescale (¢4 = ;). It depends on the abundance
of transition galaxies relative to that of star forming galaxies
and the time since the transition and star forming galaxies
were accreted to form the group. We obtain a mean value for
trade ~ 0.8 Gyr for blue quiescent galaxies and ~1.5 Gyr for
the green valley galaxies.

— The evolution of galaxy quenching rate: We find that R;
shows a modest but significant evolution since z ~ 0.8. This
evolution is compatible with the expected evolution, which
follows a constant QFE = 0.4, and is in agreement with the
expected evolution for clusters at z = 1.

These results show the potential of J-PAS in constraining
the role that groups and clusters play in galaxy evolution.
This potential resides in the accurate photo-z estimations
(Herndn-Caballero et al. 2021) that allow us to identify groups
and clusters up to z < 1 and to produce unbiased and com-
plete mass-sensitive catalogues. Further, the J-spectra allow
us to retrieve stellar population properties for the blue and
red galaxy populations with a precision similar to future
spectroscopic surveys with similar S/N, as demonstrated in
Gonzdlez Delgado et al. (2021). Volume-complete samples can
be studied above log(M,/My) ~ 8.9, 9.5, and 9.9 at z = 0.3,
z=10.5, and z = 0.7, respectively.

Based on the whole sample analysed here, we expect that
J-PAS will detect more than 90 million galaxies with r <
22.75 AB for which the stellar population properties will be
derived. This is more than a factor 20 more than the whole SDSS
survey (approximately 4.3 million galaxy spectra over the same
area), and nearly a factor 3 more than the number of galaxies
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that will be observed by the Dark Energy Spectroscopic Instru-
ment (DESI) survey (33 million galaxies over 14 000 degz). In
addition, more than 0.6 million groups and clusters will be
detected (Maturi et al., in prep.), and it will be possible to dis-
entangle the quenching due to halo mass from that caused by
the environment in a wide range of galaxy stellar mass, groups,
cluster properties, and evolution since z ~ 1.
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