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ABSTRACT

Context. Samples of galaxy clusters allow us to better understand the physics at play in galaxy formation and to constrain cosmological models
once their mass, position (for clustering studies) and redshift are known. In this context, large optical data sets play a crucial role.
Aims. We investigate the capabilities of the Javalambre-Physics of the Accelerating Universe Astrophysical Survey (J-PAS) in detecting and
characterizing galaxy groups and clusters. We analyze the data of the miniJPASsurvey, obtained with the JPAS-Pathfinder camera and covering
1 deg2 centered on the AEGIS field to the same depths and with the same 54 narrow band plus 2 broader band near-UV and near-IR filters
anticipated for the full J-PAS survey.
Methods. We use the Adaptive Matched Identifier of Clustered Objects (AMICO) to detect and characterize groups and clusters of galaxies down
to S/N = 2.5 in the redshift range 0.05 < z < 0.8.
Results. We detect 80, 30 and 11 systems with signal-to-noise ratio larger than 2.5, 3.0 and 3.5, respectively, down to ∼ 1013 M⊙/h. We derive
mass-proxy scaling relations based on Chandra and XMM-Newton X-ray data for the signal amplitude returned by AMICO, the intrinsic richness
and a new proxy that incorporates the galaxies’ stellar masses. The latter proxy is made possible thanks to the J-PAS filters and shows a smaller
scatter with respect to the richness. We fully characterize the sample and use AMICO to derive a probabilistic membership association of galaxies
to the detected groups that we test against spectroscopy. We further show how the narrow band filters of J-PAS provide a gain of up to 100% in
signal-to-noise ratio in detection and an uncertainty on the redshift of clusters of only σz = 0.0037(1 + z) placing J-PAS in between broadband
photometric and spectroscopic surveys.
Conclusions. The performances of AMICO and J-PAS with respect to mass sensitivity, mass-proxies quality and redshift accuracy will allow us
to derive cosmological constraints not only based on cluster counts, but also clustering of galaxy clusters.

Key words. galaxies: clusters: general / galaxies: evolution / galaxies: luminosity function, mass function

1. Introduction

The formation of structures in the universe is extremely sensi-
tive to cosmic expansion captured by the cosmological param-
eters such as for example the matter density parameter Ωm, the
power spectrum normalisation σ8 and the equation of state of
dark energy whenever high-redshift data sets are available. No-
table examples are the study of the large scale structure through
galaxy clustering (Kaiser 1987; Cacciato et al. 2013; Vakili et al.
2020; Pandey et al. 2022), cosmic shear (Blandford et al. 1991;
Bernardeau et al. 2010; Hildebrandt et al. 2017), baryonic acous-
tic oscillations (Hu & Sugiyama 1996; Blake et al. 2011; Hin-
ton et al. 2017; Costa et al. 2019; du Mas des Bourboux et al.
2020) and cosmic microwave background measurements (Pet-
torino et al. 2012; Hinshaw et al. 2013; Planck Collaboration
et al. 2016b), which probe the linear regime of the growth of
structures. On the other end, galaxy clusters sit in the exponential
tails of the cosmic mass function being the largest gravitationally
bound structures and as such are extremely sensitive to the back-
ground cosmology, making them ideal probes for cosmological
analysis (Allen et al. 2011; Benson et al. 2013; Planck Collab-
oration et al. 2016a; Bocquet et al. 2019; Abbott et al. 2020;

Finoguenov et al. 2020; Ider Chitham et al. 2020; Costanzi et al.
2021; Marulli et al. 2021; Giocoli et al. 2021; Ingoglia et al.
2022; Lesci et al. 2022b,a; Garrel et al. 2022; Chiu et al. 2022).

For this reason, large campaigns aiming at the detection of
large samples of galaxy clusters have been conducted in the
last decades in the millimetric wavelengths (Bleem et al. 2015;
Zubeldia & Challinor 2019; Hilton et al. 2021), in the optical
regime (Rykoff et al. 2014, 2016; Maturi et al. 2019) and in the
X-rays (Böhringer et al. 2004; Vikhlinin et al. 2009; Finoguenov
et al. 2020). Further data sets are going to be provided in the near
future by wide field surveys such as eROSITA (Merloni et al.
2012; Pillepich et al. 2012; Käfer et al. 2020; Ota et al. 2022),
LSST (LSST Science Collaboration et al. 2009), Euclid (Sartoris
et al. 2016; Euclid Collaboration et al. 2022), 4MOST (de Jong
et al. 2014) and J-PAS (Benitez et al. 2014). In particular, op-
tical surveys are gaining momentum thanks to the availability
of the complete wavelength range filling set of narrow band fil-
ters with high uniformity and transmission (Marín-Franch et al.
2012) and refined techniques for the estimation of photometric
redshifts (Arnouts & Ilbert 2011; Bilicki et al. 2018; Benítez
2000; Hernán-Caballero et al. 2021), allowing one to detect a
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Fig. 1. Left panel: r-band magnitude v.s. FWHM of the galaxies detected in miniJPASand used for the analysis (in blue). The objects with a
Bayesian probability of being stars/galaxies larger/smaller than 50% are shown in red/blue. All objects, in green, with a FWHM smaller than the
PSF size of each individual pointing plus a tolerance of 0.11 arcsec (indicated by the vertical lines) have been rejected regardless their classification.
Right panel: average redshift probability distribution of galaxies as measured by AMICO with a peak P(z) located at three different redshifts and
for two different magnitudes: r = 20 and r = 22 in blue and red, respectively. This estimated is produced by AMICO through the input photo-zs
and is used in the cluster model construction. The black dashed lines show the typical uncertainty of photo-zs based on broad band photometry.

large number of clusters with masses smaller compared to those
detected with Sunyaev Zel’dovich observations, and redshifts
higher when compared to those from typical of X-ray obser-
vations. In addition, they directly provide accurate redshift and
membership estimates without the need of a subsequent follow-
up.

Several algorithms for cluster detection have been proposed
and used in the recent years (see e.g. Farrens et al. 2011; Licitra
et al. 2016; Rykoff et al. 2016; Euclid Collaboration et al. 2019),
exploiting both different cluster optical properties and different
methodologies. In this work we discuss the application of the
Adaptive Matched Identifier of Clustered Objects (AMICO, Bel-
lagamba et al. 2019; Maturi et al. 2019) to the miniJPASdata set
(Bonoli et al. 2021) to investigate the prospects for the detection
of galaxy clusters in the Javalambre Physics of the Accelerating
Universe Astrophysical Survey (J-PAS, Benitez et al. 2014). We
construct the cluster sample and we determine mass-proxy scal-
ing relations based on the X-ray mass estimates using Chandra
and XMM-Newton data. Furthermore, we provide a catalogue of
cluster members based on the probabilistic membership associ-
ation provided by AMICO itself, we identify the brightest group
galaxy (BGG), and we illustrate the power of the 56 J-PAS filters
(Marín-Franch et al. 2012). To construct the cluster model used
for the cluster detection, we assumed the following cosmological
parameters Ωm = 0.3, ΩΛ = 0.7 and h = 0.7.

The plan of the paper is as follows. In Section 2 we summa-
rize the properties of the data set and in Section 3 we describe the
detection algorithm and characterize the cluster sample through
X-ray and spectroscopic data. In Section 4 we present the sam-
ples of cluster members and Bright Group Galaxies we produced
in the analysis. In Section 5 we characterize the cluster sample
through spectroscopic redshifts and investigate the accuracy of
the probabilistic memberships provided by AMICO. The X-ray
counterparts of our sample are discussed in Section 6, while in
Section 7 we discuss the gain provided by the narrow band J-
PAS filters with respect to broad band ones. Finally, we give our
conclusions in Section 8.

2. The data set

In our study we consider data from the miniJPASsurvey (Bonoli
et al. 2021), a ∼ 1 deg2 survey covering the AEGIS field along
the Extended Groth Strip and serving as a test of the upcoming
much wider J-PAS survey. The data have been obtained with the
2.55m telescope JST at the Javalambre Astrophysical Observa-
tory and an interim camera (J-PAS Pathfinder camera) equipped
with a 9k×9k CCD covering a 0.3 deg2 field-of-view with a pixel
size of 0.23′′. The distinctive features of this survey are its 56 J-
PAS filters which, on top of the u, g, r, i SDSS broad band filters,
comprise 54 narrow band (FWHM∼ 145Å) and two broader fil-
ters extending to the near-UV and the near-infrared.

For constructing the cluster sample, we selected all objects
in the magnitude range 15.0 < r < 22.75, with a SExtrac-
tor flag smaller or equal to 3, a star classification probability
below Pstar < 0.5 and a FWHM in the r-band images larger
than 0.86, 0.87, 1.01 or 1.03 arcsec according to the criteria
FWHMgalaxy > FWHMPS F+0.11 to avoid any possible contam-
ination due to misclassified stars. The 0.11 additive factor was
set euristically to avoid the locus in which star are located. Here,
FWHMPS F is the FWHM of the Point Spread Function (PSF)
of each individual pointing. We adopted a relatively relaxed con-
straint on Pstar because we used it in combination with the cut off
at the minimum FWHM values. We also tested a more conser-
vative value of Pstar < 0.95 both with and without FWHM cut
off, and the final results do not change significantly. In Fig. 1 we
show the main properties of the photometric sample comprising
stars and galaxies. The left panel of the figure shows the distribu-
tion of objects classified as stars (in red), galaxies (in blue) and
all objects (in green) with a FWHM smaller than the PSF size
of each individual pointing plus a tolerance of 0.11 arcsec (in-
dicated by the vertical lines) that have been rejected regardless
their classification (in green). The presence of the two regions
mostly populated by objects classified as stars at low FWHM
shows that the PSF quality for the different pointings is bimodal.
This data set provides an ideal playground to test the survey strat-
egy for the detection of galaxy clusters in the final J-PAS survey
that will cover a 8000 times larger area.

Thanks to the availability of the 54 narrow band and 2
broader band near-UV and near-IR filters, the photo-zs have an
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Fig. 2. In the background, illustration of the AMICO’s response amplitude for a redshift slice at z = 0.24. The overdensities highlighted by AMICO
are clearly visible as strong enhancements over the background. The survey footprint and masked areas are indicated in white. The two boxes with
the miniJPASimages show the two most significant detections at that redshift together with X-ray emission isocontours. The top left box shows
the response of AMICO around the main central structure at z = 0.24, but for redshift z = 0.36, where another cluster is clearly visible. Note the
lack of cross-contamination between redshift slices. Also the cluster on the right hand side is a case of chance alignment between two structures,
see left panel of Fig. 5. The asterisks in the figures indicate the position of the cluster visible in the other redshif slice and displaced nearly along
the same line of side.

accuracy with no comparison with respect to other photomet-
ric surveys and place miniJPASin between low resolution spec-
troscopy and typical broad band photometry. A detailed study
of the photo-z characteristics is presented in Hernán-Caballero
et al. (2021). In the right panel of Fig. 1 we show the aver-
age redshift probability distribution of galaxies of magnitude

r = 20 and r = 22 located at different redshifts. The average
P(z) is produced by AMICO through the input photo-zs and is
used to define the cluster model as discussed in Maturi et al.
(2019). As an illustration, we show the typical photo-z uncer-
tainty of data sets based on broad band filters, here we assumed
σz = 0.03(1 + z) (dashed line). The high accuracy of J-PAS
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Fig. 3. The observed richness λ (left panel), and the intrinsic richness λ∗ (central panel) as a function of redshift obtained with AMICO. For
redshifts larger than z = 0.56, the cut off magnitude mcut = m∗ + 1.5, on which λ∗ is based, falls below the detection limit and the richness is
underestimated as it is clear from the lack of rise in the λ∗ of detections with z > 0.56. The right panel shows the amplitude, A, of the detections.
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Fig. 4. The redshift distribution of the miniJPAS galaxies (left panel) and of the AMICO cluster detections (central panel; blue and red histrograms
for detections with S/N > 2.5 and S/N > 3, respectively). The large fluctuations in the number of galaxies and clusters are physical and are
due to large scale structure of the field as confirmed by the spectroscopic redshifts (Bonoli et al. 2021). The right panel shows the distribution of
signal-to-noise ratio of the detections.

photo-zs provides higher sensitivity towards clusters of smaller
mass aided by the increase in compactness of cluster members
along the redshift direction with decreasing mass. The improved
accuracy on photo-zs results also in a better estimation of the
clusters richness, which in turn improves the cosmology-relevant
mass estimation.

3. The galaxy cluster sample

In this section we summarize the main concepts behind the de-
tection algorithm used in this analysis. We describe the proper-
ties of the cluster candidates obtained with the photo-zs based on
the 56 J-PAS filters.

3.1. Detection of galaxy groups and clusters with AMICO

We use the Adaptive Matched Identifier of Clustered Objects
(AMICO, Maturi et al. 2005; Bellagamba et al. 2018) for the
detection of galaxy clusters. Thanks to its performances, AM-
ICO has been selected as one of the two algorithms tested and
implemented in the official scientific data analysis pipeline of
the Euclid space mission of the European Space Agency (Euclid
Collaboration et al. 2019) and has been successfully tested and
applied to the data of the Kilo Degrees Survey, allowing both
cosmological and astrophysical studies (Maturi et al. 2019; Bel-
lagamba et al. 2019; Radovich et al. 2020; Puddu et al. 2021;
Tortora et al. 2020; Sereno et al. 2020; Giocoli et al. 2021; Lesci
et al. 2022b; Smit et al. 2022; Ingoglia et al. 2022; Lesci et al.
2022b). Its core stands on an optimal linear matched filtering
approach in which the data are convolved with a kernel (the
so called filter) derived through a constrained minimization ap-
proach which minimizes the noise variance under the condition
that the estimated signal is unbiased. The two key ingredients of

this process are a statistical description of the background noise,
N(x), and a template, C(x), characterizing the signal of clusters,
S (x) = A C(x), as a function of the properties x and a factor A
that scales with the cluster mass, the so called amplitude. The
statistical properties of the noise N(x) can be derived directly
from the data, while the nature of the function C(x) and of the
variables x depend on the specific application of the algorithm.
Here, we restrict ourselves to the case in which x includes posi-
tions and the r-magnitudes of galaxies only. All details about the
model are given in Section 3.3 where we describe the full filter
formalism.

The result of the filtering applied by AMICO to the data is
an estimate of the amplitude,

A(θc, zc) = α−1(zc)
Ngal∑
i=1

C(zc; θi − θc,mi)pi(zc)
N(mi, zc)

− B(zc) , (1)

where zc and θc are the putative redshift and angular position
of a cluster, respectively, while θi, mi and pi(z) are the angu-
lar position, the r-band magnitude and the photometric redshift
distribution of the i-th galaxy taken from the input catalogue,
respectively. The filter normalization is set by the factor α and
the average contribution of the field galaxies to the total signal
amplitude is given by B. The expected r.m.s. of A is given by

σA(θc, zc) = α(zc)−1 + A(θc, zc)
γ(zc)
α(zc)2 , (2)

where the first term captures the stochastic fluctuations of the
background and the second one the Poissonian fluctuations due
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Column Unit Description Example
SURVEY (1) survey name mJP
NAME (2) object name J141426.57+515608
ID (3) unique identification number of the cluster 7
IDAMICO (4) AMICO identification number 1001
RA (5) deg position in the sky: x direction (R.A) 213.6107
DEC (6) deg position in the sky: y direction (Dec) 51.9358
Z (7) redshift AMICO redshift 0.290
Z_ERR (8) redhisft 1σ uncertainty of AMICO redshift 0.006
Z_PROB (9) redshift redshift based on AMICO memberships 0.290
Z_PROB_ERR (10) redshift 1σ uncertainty based on AMICO memberships 0.005
Z_SPEC (11) redshift spectroscopic redshift (when available) -99
N_SPEC (12) number of members with spectroscopic redshift 0
SN (13) signal-to-noise ratio of AMP; noise = background + cluster 5.66
MSKFRC (14) fraction of the cluster inaccessible because of masks 0.33
R_MEDIAN (15) deg median separation of galaxies with P > 50% 0.0628
R_50 (16) deg radius at which

∫ r
0 P(r) /

∫ ∞
0 P(r) = 0.5 0.0838

RICH (17) apparent richness based on the filter formalism 170
AMP (18) signal amplitude 2.48
AMP_ERR (19) 1σ error on AMP 0.44
LAMBDA (20) richness based on memberships 136
LAMBDA_ERR (21) 1σ error on LAMBDA_ERR 12
LAMBDA_STAR (22) richness based on memberships and mr < m∗ + 1.5 and r < rvir 38.4
LAMBDA_STAR_ERR (23) 1σ error on LAMBDA_STAR 6.2
LAMBDA_MSTAR (24) 1012M⊙ total stellar mass based on memberships and log10(M∗) > 9.5 3.4
LAMBDA_MSTAR_ERR (25) 1012M⊙ 1σ error on LAMBDA_MSTAR 0.5
MASS_AX (26) 1013M⊙ mass based on the amplitude and the X-ray scaling relation 0.23
MASS_AX_ERR (27) 1013M⊙ error of MASS_AX 0.02
MASS_X (28) 1013M⊙ mass based on X-rays 0.87
MASS_X_ERR (29) 1013M⊙ 1σ error on MASS_X 0.07
L_X (30) 1042erg/s X-ray luminosity 14.0
L_X_ERR (31) 1042erg/s 1σ error on L_X 1.8
SN_X (32) signal-to-noise ratio of the X-ray flux 7.8
ID_BGG1 (33) identification number of the BGG galaxy, first choice 1771
ID_BGG2 (34) identification number of the BGG galaxy, second choice 1639

Table 1. Descriptions of the columns for the AMICO galaxy cluster catalogue. The full VAC is available online at: www.j-
pas.org/ancillarydata/minijpas_amico_galaxy_clusters

to the cluster members.

B(zc) = α−1(zc)
∫

C(zc; θ − θc,m)q(zc, z) d2θ dm dz

α(zc) =
∫

C2(zc; θ − θc,m) q1(m, zp, zc)q2(m, zc, zp)
N(m, zc)

d2θ dm dzp

γ(zc) =
∫ C3(zc; θ − θc,m) q2

1(m, zp, zc)q2(m, zc, zp)
N2(m, zc)

d2θ dm dzp.

(3)

are filter constants expressing the background level, the filter
normalization and the contribution to the noise given by the clus-
ter members, respectively. Here,

q(zc, z) =

Ngal∑
i=1

pi(zc)


−1 Ngal∑

i=1

pi(z − zc + zpeak,i) pi(zc) (4)

expresses the typical redshift probability distribution for a galaxy
located at redshift zc,

q1(m, zp, zc) =

 ∑
zpeak,i=zp

pi(zp)


−1 ∑

zpeak,i=zp

pi(zp) pi(zc), (5)

describes the typical p(z) that peaks at zp, and

q2(m, zc, zp) =

Ngal∑
i=1

pi(zc)


−1 ∑

zpeak,i=zp

pi(zc) pi(zp), (6)

describes the probability distribution for the peak, zp, of a galaxy
located at redshift zc. All details about these expressions are
given in Bellagamba et al. (2018) and Maturi et al. (2019).

As a by-product, the algorithm provides an estimate of the
fraction of masked effective area for each detection. Such frac-
tion is defined as f j = 1 − B(z j)/Be f f (θ j, z j), where j refers to
the detection, the background B is evaluated as if no mask is
present and Be f f is evaluated over the area not covered by masks.
We speak of an ‘effective’ area because each unmasked pixel in
the evaluation of B is weighted by the amplitude of the cluster
model. To illustrate how the filter highlights the density fluctu-
ations, we show the resulting amplitude in Fig. 2 for a redshift
slice at z = 0.24 in the miniJPASdata. The complete footprint
of the survey is shown together with the masked areas (white
contours). In the bottom left and top right boxes we display the
g, r, i color composite postage-stamps based on the miniJPASim-
ages of the two most significant detections at that redshift. The
violet contours refer to the extended X-ray emission detected in
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Fig. 5. Left panel: two clusters located along the same line-of-sight but at two different redshifts (z = 0.233 ± 0.005 and z = 0.391 ± 0.005)
displayed together with the map of the amplitude A measured by AMICO (cyan and red isodensity contours, respectively); the galaxy members
with a probabilistic association P > 0.5 are indicated by circles. The filter response of AMICO is shown with the blue (for the lower redshift
cluster) and red isocontours (for the higher redshift cluster). Right panel: the most massive cluster in the sample having an X-rays mass of
M = 8.6 ± 0.7 × 1013 M⊙ and located at z = 0.29. Here, the color of the circles indicate the probabilistic membership association of the members
belonging to. The white lines represent the masked areas and the survey limit. On both panels, magenta contours show the extended X-ray emission.

deep Chandra data (Erfanianfar et al. 2013). The top left box
shows the AMICO response for a background slice at a higher
redshift, z = 0.36, where another cluster is detected nearly along
the same line-of-sight of the main central structure visible in the
background figure at z = 0.24. The asterisks in the top left panel
indicate the position of the cluster visible at redshift z = 0.24.
Note the absence in the AMICO maps of cross-contamination
between different redshifts. Also the stamp image on the right
hand side shows a case of chance alignment between two struc-
tures. More about this and another case will be discussed in §3.3.

The same formalism naturally provides a probabilistic asso-
ciation for each galaxy, labeled with the index i, to a specific
detection, labeled with the index j,

Pi( j) = P̃ f ,i
A jC(z j; θi − θ j,mi)pi(z j)

A jC(z j; θi − θ j,mi)pi(z j) + N(mi, z j)
. (7)

Since clusters overlap in the data space, more than one cluster
association can be assigned to a galaxy through an iterative ap-
proach, in which the P̃ f ,i = 1 −

∑ j−1
k Pi(k) term accounts for

the previous memberships assigned to the i-th galaxy. This prob-
abilistic membership is relevant for (1) the characterization of
galaxy populations in terms of environment (González Delgado
et al. 2022; Rodríguez-Martín, J. E. et al. 2022), (2) the iterative
removal of the contribution of larger detections when searching
for smaller structures and (3) the definition of two richness esti-
mates λ and λ∗, see the following Equations (8) and (9).

3.2. Additional mass proxies

In addition to the amplitude, A, which is the direct output of the
optimal filtering procedure as given by Eq. (1), the probabilistic
membership association provided by AMICO allows to define
two other mass proxies, which are directly related to the cluster

richness. The first one, λ, is defined as the sum of the probabilis-
tic membership association of all galaxies to the j-th detection,

λ j =

Ngal∑
i=1

Pi( j) , (8)

and represents the number of visible galaxies belonging to a de-
tection. Consequently it depends on the survey magnitude limit
and it is thus redshift dependent. The second mass proxy, λ∗,
follows the same definition of λ, but the sum runs only over the
galaxies brighter than m∗ + 1.5, where m∗ represents the bright-
end side cut-off of the Schechter luminosity function, and within
the virial radius, R200,

λ∗ j =

Ngal∑
i=1

Pi( j) with
{

mi < m∗(z j) + 1.5
ri( j) < R200(z j)

. (9)

The radius R200 and the magnitude m∗ are given by the model
used to construct the filter (see Section 3.1). This mass proxy is
nearly redshift independent whenever m∗ + 1.5 is brighter than
the survey limit, which for our case is true up to z = 0.56. Mass-
scaling relations for these mass proxies have been derived in Bel-
lagamba et al. (2019) and in Lesci et al. (2022b) through the use
of information coming from weak-gravitational lensing and clus-
tering of galaxy clusters (Sereno et al. 2015; Marulli et al. 2021;
Moresco et al. 2021).

The two richness estimates for all detections are displayed
in the left and middle panels of Fig. 3. As it is clear from the
discontinuity at z = 0.56 where the m∗ + 1.5 limit is reached,
the two richness estimates become strongly redshift dependent
and their use as mass proxies requires a calibration to correct
for this effect. This is not the case for the amplitude, A, because
the filtering formalism automatically accounts and compensates
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Fig. 6. Distribution of the radial distance of the BGG candidates with respect to the cluster center identified by AMICO, given in arcmin (left
panel) or Mpc/h (right panel). The BGGs are identified as the brightest and the second brightest galaxies with probabilities larger than 80%.

for the survey magnitude limit and the redshift dependency can
be safely neglected (see also Maturi et al. 2019). This is why in
this study we favour this mass proxy over λ∗, whose redshift de-
pendency can not be properly calibrated because of the limited
statistics offered by the ∼ 1 deg2 area covered by the miniJPAS-
data and the large cosmic variance. This limitation will be over-
come when the wider area of teh J-PAS survey will be available.

In addition to the "standard" mass proxies of AMICO, in this
work we defined a mass-proxy incorporating the stellar mass,
M⋆, of individual galaxies (see e.g. Pereira et al. 2018)

λM⋆ j =

Ngal∑
i=1

M⋆ jPi( j) with Pi( j) > 0.5 . (10)

The usage of this quantity is possible thanks to the 56 J-PAS fil-
ters that enable us to perform a reliable Spectral Energy Distribu-
tions (SED) fitting for almost all galaxies in the sample, which
has been done using the BaySEAGal code (González Delgado
et al. 2021), placing J-PAS in a quite unique position. It was in
fact possible to evaluate λM⋆ for all groups but one located at
z = 0.76.

In the following Section 6 we will also obtain X-ray mass
estimates (Leauthaud et al. 2010, based on weak lensing cali-
brations of X-ray luminosity). We will use them to define the
mass-proxy scaling relations for the amplitude, A, for the intrin-
sic richness, λ∗, and for the total stellar mass, λM⋆ , see Fig. 11.
More details are given in Section 6.2.

3.3. The catalogue of galaxy clusters

In this work, we construct the filter adopting our cluster model,
defined as C(z j; θ−θ j,m) = R(z j; |θ−θ j|) L(z j; m), i.e. the product
of a Schechter luminosity function, L, in the r band given by
the combination of a passive and star forming populations of
members with αred = −0.53, αblue = -1.0, respectively, and a
common M∗ = −20.8. These values, taken from Hansen et al.
(2009), refer to clusters with mass M = 1014M⊙ and richness
N200 = 25 as estimated through the weak lensing mass-proxy
scaling relation given by Johnston et al. (2007). These values
just serve as a guidance to define the template and do not need

to be fine tuned. Same goes for the radial profile, R, describing
the projected density distribution of cluster galaxies, here taken
from the tabulated values given in Sheldon et al. (2009).

The statistical properties of the noise, N, are extracted di-
rectly from the data under the assumption that the number of
cluster members is small with respect to that of the overall pop-
ulation of galaxies. Such data driven approach suffers from the
small area of miniJPASbecause of the limited statistics and the
results presented in this work are thus penalized in terms of sen-
sitivity and contamination. Better performances will be certainly
obtained, when the thousands of square degrees of J-PAS data
will be available. Despite this limitation, the application of AM-
ICO to miniJPASallows us to probe groups and clusters of galax-
ies over a wide range of redshifts and masses, as it will be shown
below.

The cluster catalog provided by AMICO contains 80/30/11
entries for signal-to-noise ratios (defined as S/N = A/σ given
by equations 1 and 2) larger than 2.5/3.0/3.5, respectively, and
covers a mass range of approximately 1013 < M < 1014M⊙/h.
Assuming this number density of clusters we expect to detect
of the order of approximately 2.5 × 105 galaxy clusters with
S/N > 3, when all 8000 deg2 of J-PAS will be observed. The
redshift distribution of galaxies and the cluster candidates are
shown on the left and central panels of Fig. 4, respectively. The
distribution of the detections signal-to-noise ratios is shown in
the right panel of the same figure. The variations in both galaxy
and cluster density are dominated by the physical fluctuations in
the distribution of matter along the line-of-sight, see for example
the "wall" at z ≈ 0.28.

In Fig. 5 we display some examples of detections. The left
panel shows two groups with masses M200c = (6.5±0.5)1013 M⊙
and M200c = (6.1 ± 0.5) 1013M⊙ located at different redshifts,
z = 0.228 ± 0.005 and z = 0.338 ± 0.005, but close in ob-
server’s plane. The detection at lower redshift is the one on the
right hand side of Fig. 2 (their mass has been derived thanks to
X-ray observations as discussed in Section 6). Their amplitude
maps are shown by the iso-density contours (red and cyan lines
for the more and less distant detection, respectively), together
with their members having a probabilistic association larger than
50%. These two objects are clearly disentangled by AMICO in
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the redshift estimate based on the AMICO probabilistic memberships
over the original output (small gray circles) is visible.

contrast with the X-ray analysis in which only the combined flux
can be measured (see the X-ray surface brightness displayed by
the magenta contours in the right box of Fig. 2). This is a nice ex-
ample in which X-ray mass measurements have to be discarded
because of the mutual cross contamination of two cluster sig-
nals. This result will be also confirmed by the following analysis
of the mass-proxies scaling relations: in fact, as evident from
Fig. 11, the X-ray mass for one of the two clusters, as well as
for other cases of line-of-sight alignments, is largely overesti-
mated. In such cases, removing optical counterparts suscepti-
ble to chance assignment to X-rays can improve the situation
(Klein et al. 2019). The right panel of Fig. 5 shows the most mas-
sive object found in miniJPAS, a cluster with an X-ray mass of
M200c = (8.6±0.7)1013 M⊙ located at redshift z = 0.290±0.005.
Here, the color of the circles quantifies the probabilistic mem-
bership derived with AMICO as indicated in the color-bar (for
a detailed discussion about this cluster and its members see
Rodríguez-Martín, J. E. et al. 2022). Since the cluster model is
based on a luminosity function and a radial density distribution
of galaxies in clusters, the probability associated to each galaxy
depends not only on the galaxy redshift, but also on their angu-
lar separation from the cluster center and on their magnitude: the
closer to the cluster center and/or the brighter the galaxy is, the
more likely is its membership to the cluster. The magnitude de-
pendency is given by the difference in the luminosity functions
of cluster members and field galaxies, where the first one has a
more pronounced value at lower magnitudes. The catalogue of
galaxy cluster detections is available online1 and the quantities
reported in its columns are described in Table 1.

4. The catalogue of cluster members and BGGs

With this catalogue of galaxy cluster members at hand, we cre-
ated a sample of Brightest Group Galaxies (BGG) candidates by
selecting the brightest galaxy member with a probabilistic mem-
bership larger than 80%. We also listed a second candidate by
taking the second most luminous galaxy, again above the 80%
probability threshold. This is done because the study of the mag-

1 www.j-pas.org/ancillarydata/minijpas_amico_galaxy_clusters
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turned by AMICO compared with the fraction of spectroscopic clus-
ter members identified with the ‘shifting gapper’ technique applied to
the DEEP3 data. The photometric probabilistic membership is in good
agreement with the spectroscopic one except for probabilities smaller
than P < 0.2.

nitude gap between the first and second brightest galaxies is of
interest (e.g. Gozaliasl et al. 2014), for instance, it might be used
to evaluate the presence of fossil groups. Our sample contains
several small groups in which it is difficult to identify a clear
dominant galaxy. For the most massive systems the presence of
two bright central galaxies with a similar luminosity might indi-
cate a recent major merger event where the two galaxies might
have been the BGGs of the parent structures. In Fig. 6 we plot
the radial distance between the so identified BGG and the clus-
ter center as defined by AMICO. Clearly, the second brightest
galaxies (BGG with rank 2) are on average more distant from
the cluster center with respect to the most brightest galaxy (BGG
with rank 1), as expected.

5. Spectroscopic analysis: redshift of clusters and
probabilistic membership accuracy

The DEEP3 galaxy redshift survey partially overlaps the foot-
print of the miniJPAS survey (Bonoli et al. 2021). We can then
use this data set to derive a spectroscopic redshift estimate for
the AMICO clusters within the DEEP3 region and to select their
members. We used these estimates to test the redshift and mem-
bership association provided by AMICO.

We started by deriving a list of spectroscopic cluster mem-
bers using the ‘shifting gapper’ technique in radial bins from the
cluster centre (Fadda et al. 1996) as described in Lopes et al.
(2009, 2014). The method is based on the application of the
gap-technique in radial bins (described in Katgert et al. 1996),
to identify gaps in the redshift distribution. Instead of adopt-
ing a fixed gap, such as 1000 km s−1 or 0.005(1 + z), we con-
sidered a variable gap, called density gap (Adami et al. 1998;
Lopes et al. 2009). The density gap size is given by the expres-
sion ∆z = fg(1 + exp(−(N − 6)/33))/c, where N is the number
of galaxies found in the redshift survey of a cluster (Adami et al.
1998), and c is the speed of light in km/s. Note that the gap pa-
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Column Unit Description Example
ID (1) identification number of the galaxy 1
NASSO (1) number of clusters associated to the galaxy 3
IDASSO (1) vector of size NASSO with the identification number of each associated cluster 1, 1001, 3
PASSO (1) vector of size NASSO with the probabilistic association to each cluster 0.34, 0.52, 0.02

Table 2. Descriptions of the columns for the AMICO probabilistic association of galaxies to clusters. The full VAC is available online at: www.j-
pas.org/ancillarydata/minijpas_amico_galaxy_clusters

rameter fg replaces the fixed value of “500” adopted in Adami
et al. (1998). This gap factor, fg, scales with the velocity range
of the galaxies found in each radial bin and is a better choice to
work with systems of different masses (Lopes et al. 2009). We
considered all galaxies within 2.5 Mpc/h (3.57 Mpc for h = 0.7)
from the cluster center and with c |z − zcl| ≤ 4000 km s−1, where
c is the speed of light and zcl the cluster redshift. We also used
a bin size of 0.42 Mpc/h (0.60 Mpc for h = 0.7) or larger if
less than 15 galaxies have been selected. In every radial bin we
discarded galaxies not associated to the main body of the clus-
ter (those with a velocity difference exceeding the velocity gap).
The procedure is repeated until no more galaxies are rejected
as interlopers. One great advantage of this method is to make
no hypothesis about the dynamical status of clusters that do not
need to be virialized. In the end we were able to obtain spectro-
scopic redshift estimates and spectroscopic memberships for 47
AMICO clusters. Given the relatively small cluster masses and
the limited number of members per cluster with spectroscopic
redshift it was not possible to derive reliable estimates of clus-
ters properties such as σcl, R200 and M200. The comparison with
the redshift returned by AMICO is shown in Fig. 7 (gray cir-
cles): the scatter is very small σz = 0.0053(1 + z), dominated by
the redshift sampling used in the run rather than by the photo-zs
uncertainty, and no bias is present.

To refine the results based on the photometry only and the
membership provided by AMICO, we estimated the cluster red-
shifts as the median of the redshifts of the galaxies with an AM-
ICO probabilistic membership association larger than Pi( j) >
0.5 and within 10′ from the detection center (see the blue circles
in Fig. 7). This approach provides a smaller redshift uncertainty,
σz = 0.0037(1+z), with respect to the one directly obtained with
AMICO (gray points) which suffers from the relatively coarse
redshift resolution, ∆z = 0.01, used when running the algorithm.
The procedure seems to be stable as the redshift correction is at
most half ‘redshift pixel’, as expected. A higher resolution would
be demanded by the high accuracy of the miniJPAS photo-zs,
but this is not possible since the present limited area of the sur-
vey does not allow a reliable noise estimate in more narrow red-
shift slices, as already discussed. A redshift pixellization with an
higher resolution will be adopted for the J-PAS data. Note that
the resulting redshift uncertainty is about 10 times better than
what is typically obtained with broad band filters (see e.g. Ma-
turi et al. 2019).

This high redshift accuracy makes J-PAS an ideal survey to
derive cosmological constraints based on the clustering of galaxy
clusters. When performing such studies, the redshift uncertainty
introduces an exponential suppression on the redshift-space 2D
power spectrum causing a scale-dependent removal of signal
over a typical scale k ∼ σ−1, where k is the modulus of the wave-
vector components parallel and perpendicular to the line-of-sight
and

σ ≡
cσz

H(zm)
. (11)

Here H(zm) is the Hubble function computed at the median red-
shift of the cluster sample, zm, and σz is the typical photo-z error
(see e.g. Sereno et al. 2015; Lesci et al. 2022b). Hence, gain-
ing a factor of 10 in the photo-z accuracy with respect to broad
band filter photometric surveys will allow us to have a stronger
clustering signal at scales 10 times smaller then what achievable
with broad band photometric surveys (Veropalumbo et al. 2014).

We then used the cluster memberships derived using the
spectroscopic information to test the AMICO probabilistic mem-
bership association given in Eq. (7). The comparison between
the fraction of spectroscopic members with the probabilistic
memberships association provided by AMICO is shown in
Fig. 8.

For the most interesting interval of probabilities, i.e. P >
0.2, the AMICO probabilistic associations appear in very good
agreement with the spectroscopic memberships. For lower val-
ues, P < 0.2, there is a small discrepancy between spectroscopy
and the result provided by AMICO. This might be due to the
spectroscopic memberships (not due to AMICO) or to the clus-
ter model used by AMICO during the detection phase, where
the scale radius is larger than the typical one for the systems in
the sample. While we plan to investigate this issue in more de-
tails in future work, its importance is marginal, since the galaxies
in question are well below the 50% membership cut in all esti-
mates, live in the outskirt regions, and, in general, are not used
in follow-up studies. The effect of this bias on the λ∗ and λM⋆ es-
timates, which are based on the membership probabilities, is not
going to be that relevant because it affects the galaxies with the
lowest probabilistic memberships which contribute the least and
which tend to be faint galaxies, likely excluded by the magnitude
cut-off embedded in the definition of these mass-proxies.

6. Analysis of the cluster sample using X-ray data

6.1. X-ray data

The miniJPASdata comprise the area covered by the All-
Wavelength Extended Groth Strip International Survey (Davis
et al. 2007, AEGIS). The X-ray data, based on several Chandra
and XMM-Newton campaigns, result in one of the deepest X-ray
cluster catalogs on the sky (Erfanianfar et al. 2013).

The miniJPASdata cover a larger area compared to the X-ray
footprint analyzed in Erfanianfar et al. (2013), but the area out-
side of it has been extensively observed by XMM-Newton (PI A.
Merloni). We have reanalyzed all XMM-Newton observations
overlapping with the miniJPASdata using the latest XMMSAS
(version 18.0.0) and following the procedures on flare screening,
background estimate, point source removal and image mosaic-
ing outlined in Finoguenov et al. (2010) and Erfanianfar et al.
(2013). To measure the X-ray flux of the AMICO clusters, we
combined point source cleaned Chandra and XMM-Newton data
and placed a 0.6′ aperture on the central position of each AM-
ICO source. The relatively large aperture is meant to cope with
possible miscentering between optical and X-ray positions. This
strategy reduces possible biases in the estimates of the X-ray
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Fig. 9. Fraction of optical detections with an X-ray counterpart with S/N > 1 as a function of redshift (top-left panel), AMICO signal-to-noise
ratio (top-right panel), amplitude A (bottom-left panel) and intrinsic richness λ∗ (bottom-right panel).
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fluxes with the cost of a slightly larger uncertainty on the de-
rived quantities. A subsequent computation of the X-ray lumi-
nosity iteratively takes into account the fraction of the flux re-
tained within the aperture, and computes the K-correction, based
on the redshift of the source and its spectral shape governed by
the temperature estimated using an L − T relation (Finoguenov
et al. 2010). The weak lensing calibration of the relation between
X-ray luminosity and the total mass (M200c) has been derived us-
ing similarly derived luminosities (Leauthaud et al. 2010; Taylor

et al. 2012), so any biases of the procedure are absorbed by the
calibration. The cosmological parameters adopted for this weak
lensing calibration are the same assumed in the cluster detection
procedure.

For the non-detected clusters, we place the 1σ upper limit on
the X-ray properties. The fraction of optical detections with an
X-ray counterpart as a function of redshifts, optical (AMICO)
signal-to-noise ratio, amplitude A, and richness λ∗ is shown in
Fig. 9. No particular trend is visible except for a clear increase
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of such fraction towards detections with higher signal-to-noise
ratios which are more likely to be true positives associated to
lower redshift and more massive systems, whose X-ray emission
is more likely to be detected. It also seems that there is a dif-
ference in the evolution of X-ray vs AMICO efficiency to detect
clusters, with X-rays depths yielding to AMICO at z > 0.5. This
highlights that in order to fully calibrate the high-z performance
of AMICO on J-PAS, much deeper X-ray data are needed, which
will only be readily available with future X-ray missions, such
as Athena.

In Fig. 10, we show the relation between the AMICO ampli-
tude, A, and the X-ray luminosity. A strong correlation between
these two quantities shows how optical proxies can be used to de-
rive reliable mass scaling relations, as it will be discussed in Sec-
tion 6.2. From this data set, it appears that clusters down to very
small amplitudes (X-ray flux) have a very "well-behaved" rela-
tion between their ratio of dark matter, baryonic content (both in
terms of gas and number of members), and X-ray fluxes. Only
four outliers stand out in the plot, but their X-ray flux is unreli-
able due to interlopers, i.e. objects belonging to pairs or triplets
of clusters displaced along the same line-of-sight within r < 1′,
(three of them, see for instance left panel of Figure 5) or be-
cause of an underestimation of the AMICO amplitude due to the
non-complete optical coverage of the cluster, more than 30% of
its area falls outside the miniJPASfootprint (see right panel of
Figure 5).

6.2. Mass-proxy scaling relations

We model the relation between our X-ray (M200c, obtained for
each AMICO cluster following the procedures described in §6.1)
and AMICO (O) mass proxies, discussed in Section (3.2) as

log10
M200c

1014M⊙/h
= α + β log10

O
Opiv
, (12)

where Opiv is a pivot value (Bellagamba et al. 2019). We do not
account for any possible redshift dependency because the cur-
rent sample is too small for its solid assessment, but it will be
included when analysing future data releases. The best fit rela-
tions for A and λM⋆ are shown in Fig. 11 for detections with
S/N > 2.5 and S/N > 3.0 (left and right panels, respectively).
No scaling relation was derived for λ∗ because of the excessive
scatter and strong redshift dependence.

Despite the fact that only four clusters are real outliers, when
fitting the scaling laws, we opted to use a hard criteria for the
sample selection, i.e. we considered only the clusters with an
X-ray flux significance above the 1σ limit and excluded eleven
clusters with either significant optical masking or line-of-sight
projection affecting X-ray flux estimate. Four rejected clusters,
indicated with open gray circles, are heavily masked (more than
30% of the cluster). Even if AMICO corrects for the masked
fraction, one of them remains a clear outlier. The other seven,
indicated with gray solid triangles, are systems affected by inter-
lopers. The values of the best fit parameters based on the mass-
proxy scaling relations are reported in Table 3. We only list the
results for two mass proxies, namely A and λM⋆ , because of the
excessive scatter in λ∗ and because the scaling relation is cur-
rently very sensitive to the signal-to-noise ratio cutoff adopted
for the cluster sample. For the current release we prefer to use
the amplitude, A, as mass proxy because the best fit parameters
of the scaling relations are very stable with respect to the choice
of the signal-to-noise ratio adopted to select the clusters. More-
over, the filtering procedure provided by AMICO automatically

Proxy α β Ppiv
A (S/N>2.5) −0.69 ± 0.03 0.57 ± 0.07 2.0
A (S/N>3.0) −0.71 ± 0.05 0.57 ± 0.12 2.0
λM⋆ (S/N > 2.5) 1.05 ± 0.43 0.80 ± 0.19 1012

λM⋆ (S/N > 3.0) 0.97 ± 0.99 0.78 ± 0.43 1012

Table 3. Best fit values for the mass-proxy scaling relations given by
Equation (12) for the sample with S/N > 2.5 and S/N > 3.0. We do not
show the scaling relations for λ∗ because of the excessive error on the
values of the estimated parameters and the strong redshift dependence.

accounts for the magnitude limit of the survey and the estimate
appears unbiased over the entire redshift range under considera-
tion. In contrast, the intrinsic richness, λ∗, and λM⋆ suffer from
the galaxy sample incompleteness for redshifts z > 0.56 as dis-
cussed in Section (3.2). When it will be possible to constrain
their redshift dependency, also λ∗ and λM⋆ will be valuable op-
tions even though they show a larger scatter around the best fit
with respect to the amplitude, A. This might be because here
we are dealing with very small system populated by few bright
galaxies. We will investigate in depth this possible issue once
data covering a larger area will be available. Finally, λM⋆ ap-
pears to be very promising as its scatter around the best fit rela-
tion is remarkably smaller in comparison to the one of λ∗, it is
very sensitive to the mass and has the additional benefit of pro-
viding a physical characterization of clusters in terms of their
stellar mass. This is one of the unique features of J-PAS, due to
the excellent SED modelling it enables.

We would like to stress that for this field we have very deep
X-ray data (with a flux limit ranging from 10−15 to 3 × 10−15

erg/s/cm2 at 1σ level) which allows us to derive mass-proxy scal-
ing relations down to very small masses, notably for individual
clusters and not only through stacking. Such deep X-ray data
sets are not going to be available for the large number of galaxy
groups that J-PAS will provide in the upcoming future. For in-
stance the ROSAT all-sky survey has a flux limit of 10−13/10−12

erg/s/cm2 for the deep/faint areas and the eRosita survey of 10−14

erg/s/cm2 (Merloni et al. 2012). This poses the problem on how
to improve the scaling relations for the smaller systems, which
J-PAS can reach thanks to its sensitivity. This calls for possible
targeted X-ray deep observations of the J-PAS galaxy groups,
as well as the analysis of archival XMM-Newton data overlap-
ping the J-PAS survey footprint. Weak-gravitational lensing and
velocity dispersion measurements will also provide a way out,
with large data sets already available within the J-PAS survey
footprint from SDSS (Kirkpatrick et al. 2021, e.g.), CODEX (Ki-
iveri et al. 2021), DECaLS (Phriksee et al. 2020, e.g.) and in
future from Euclid (Euclid Collaboration et al. 2022) and DESI
(Dey et al. 2019).

7. Impact of narrow band photometry on galaxy
cluster detection

To quantify the gain in the cluster detection efficiency provided
by the high quality of the photo-zs based on the 56 J-PAS fil-
ters, we degraded the data by introducing a final scatter in the
photo-z of σz = 0.03(1 + z), to mimic the performances of a
typical broad band survey (see for instance Maturi et al. 2019).
This assumption is optimistic in terms of scatter and, even more
importantly, it does not account for possible biases that would af-
fect such surveys. We recall that photo-zs based solely on broad
band filters are more prone to biases caused by features in the
galaxy SED, that they can not resolve, such as for example
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Fig. 12. Comparison between the properties of the detections derived from the catalogue of galaxies with degraded photo-z mimicking a typical
photometric survey with redshift uncertainty σz = 0.03(1 + z) (broad-band, BB), and of the detections based on the original miniJPAS data
exploiting the 56 J-PAS filters. We show in the top left panel the redshift distribution of the detections (solid boxes refer to the degraded broad-
band like data and the lines to the original data set; detections with S/N > 2.5 and S/N > 3 are shown in blue and red, respectively), in the top right
panel the signal-to-noise ratios, in the bottom left panel the amplitude A and in the bottom right panel the probabilistic membership association of
galaxies to clusters as provided by AMICO.

the 4000Å break when transitioning between the g and r filters
(see e.g. Padmanabhan et al. 2005; Maturi et al. 2019; Bonoli
et al. 2021; González Delgado et al. 2021). By applying AM-
ICO to this degraded data set we detect only 46/26/9 clusters,
for signal-to-noise ratios larger than 2.5/3.0/3.5 respectively,
against the 80/30/11 detections in the original catalogue. The
increase in sensitivity given by the narrow band filter is remark-
able, as shown by Fig. 12, where we plot the redshift distribution
(top left panel) and compare the detection signal-to-noise of the
original and degraded samples (top right panel). The gain in sen-
sitivity that narrow band filters provide is clear. The amplitude,
A, is only minimally affected showing the stability of the algo-
rithm (bottom left panel), shown the stability of the algorithm.
Finally, the probabilistic membership of galaxies to clusters is
largely improved by the narrow band filters as expected (bot-
tom right panel). To prove thi slast point numerical simulations
are needed but here it is clear that galaxies with relatively high
probabilistic membership (P(z) > 0.8) in the BB survey have
extremely high probabilities in the miniJPASdata (P(z) ∼ 0.98.

8. Conclusions

We applied the algorithm AMICO for cluster detection to the
∼ 1 deg2 area of the miniJPASdata detecting 80, 30 and 11 sys-
tems with signal-to-noise ratio larger than 2.5, 3.0 and 3.5, re-
spectively, in the redshift range 0.05 < z < 0.8 down to a mass
of ∼ 1013 M⊙/h. With this number density of galaxy clusters
we derived, we expect to detect on the order of 2 × 105 galaxy

clusters with S/N > 3 in the upcoming 8000 deg2 of J-PAS,
with unprecedented sensitivity in mass and redshift accuracy for
a photometric survey.

We derived mass-proxy scaling relations for the native re-
sponse of AMICO, i.e. the so called amplitude A, and a newly
defined estimate of the stellar mass λM⋆ . The mass estimates for
the clusters used for this analysis have been obtained using the
deep Chandra and XMM data available for the AEGIS field. The
best fit values of the scaling relations parameters are listed in Ta-
ble 3. We found that the amplitude A has a smaller scatter around
the best fit relation and is more robust with respect to the redshift
dependency as compared to the other mass proxies because, by
directly relying on the filtering formalism, it automatically ac-
counts and compensates for the survey depth limit. In contrast,
λ∗ and λM⋆ assume a fixed maximum absolute magnitude cut-off,
which, for our data set, can not be reached for redshifts larger
than z = 0.56. Thus, they require a posteriori calibration which
will be possible only when more data (i.e. larger area) will be
available.

Furthermore, we produced a catalogue of cluster members
based on the probabilistic association of galaxies to clusters pro-
vided by AMICO itself. We compared our probabilistic mem-
berships with the one based on the "shifting gapper" approach
applied to the spectroscopic DEEP3 survey. Our probabilistic
membership appears to be in good agreement for galaxies with
probability P > 0.2, with differences observed at lower proba-
bilities, which are anyway of lower interest being object likely
not belonging to clusters. Such catalogue of members can be
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exploited to study galaxy populations and to produce mock cat-
alogues for the estimation of the purity and completeness of the
cluster sample with data driven approaches such as the one im-
plemented in SinFoniA (Maturi et al. 2019). These are crucial in-
formation needed for the derivation of cosmological constraints
based on the cluster samples. Finally we used the memberships
to identify the BGGs belonging to our cluster sample. We further
show how the narrow band filters of J-PAS provide a substantial
gain in sensitivity and an uncertainty on the redshift of clusters
of only σz = 0.0037(1 + z) placing J-PAS in between photomet-
ric and spectroscopic surveys. As an outlook, this might open up
the possibility to study the clustering of galaxy clusters as well.

The performances of AMICO and J-PAS we demonstrate
in this work will allow us to characterize galaxy-groups and -
clusters down to small groups of ∼ 103M⊙/h, identify the BGGs,
split the galaxy population according to the environment and de-
rive cosmological constraints. All data products are available on-
line2, together with the miniJPASdata.
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