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ABSTRACT

We study the impact of black hole nuclear activity on both the global and radial star formation rate (SFR) profiles in X-ray-selected active galactic
nuclei (AGN) in the field of miniJPAS, the precursor of the much wider J-PAS project. Our sample includes 32 AGN with z < 0.3 detected via the
XMM-Newton and Chandra surveys. For comparison, we assembled a control sample of 71 star-forming (SF) galaxies with similar magnitudes,
sizes, and redshifts.
To derive the global properties of both the AGN and the control SF sample, we used CIGALE to fit the spectral energy distributions derived from the
56 narrowband and 4 broadband filters from miniJPAS. We find that AGN tend to reside in more massive galaxies than their SF counterparts. After
matching samples based on stellar mass and comparing their SFRs and specific SFRs (sSFRs), no significant differences appear. This suggests that
the presence of AGN does not strongly influence overall star formation.
However, when we used miniJPAS as an integral field unit (IFU) to dissect galaxies along their position angle, a different picture emerges. We find
that AGN tend to be more centrally concentrated in mass with respect to SF galaxies. Moreover, we find a suppression of the sSFR up to 1Re and
then an enhancement beyond 1Re, strongly contrasting with the decreasing radial profile of sSFRs in SF galaxies. This could point to an inside-out
quenching of AGN host galaxies.
Additionally, we examined how the radial profiles of the sSFRs in AGN and SF galaxies depend on galaxy morphology, by dividing our sample
into disk-dominated (DD), pseudo-bulge (PB), and bulge-dominated (BD) systems. In DD systems, AGN exhibit a flat sSFR profile in the central
regions and enhanced star formation beyond 1Re, contrasting with SF galaxies. In PB systems, SF galaxies show a decreasing sSFR profile, while
AGN hosts exhibit an inside-out quenching scenario. In BD systems, both populations demonstrate consistent flat sSFR profiles.
These findings suggest that the reason we do not see differences on a global scale is because star formation is suppressed in the central regions
and enhanced in the outer regions of AGN host galaxies. While limited in terms of sample size, this work highlights the potential of the upcoming
J-PAS as a wide-field low-resolution IFU for thousands of nearby galaxies and AGN.
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– galaxies: structure – X-rays

1. Introduction

Active galactic nuclei (AGN), powered by the accretion of gas
into their supermassive black holes (SMBHs) in the centers of
galaxies, are among the brightest and most energetic objects in
the Universe. Studies have shown that tight correlations exist be-
tween the SMBH mass and properties of the host galaxy (Magor-
rian et al. 1998; Ferrarese & Merritt 2000). To understand the
formation and fueling of AGN, it is therefore necessary to under-
stand their immediate environments and, particularly, their host
galaxies. Several works (Kauffmann & Haehnelt 2000; Hopkins
et al. 2006; Merloni et al. 2009) suggest that AGN-driven feed-
backs are at the origin of such correlations. Hence, understand-
ing the coevolution of SMBHs and their hosts is crucial to un-
derstanding when and how the galaxies formed and evolved.

Even though it has been established that SMBHs lie at the
center of all massive galaxies (Kormendy & Ho 2013), the pro-

cesses that turn quiescent SMBHs into AGN are still being ex-
plored. Major galaxy mergers have been touted as the most prob-
able formation and fueling mechanism of AGN (Barnes & Hern-
quist 1992; Kauffmann & Haehnelt 2000; Springel & Hernquist
2005; Marulli et al. 2008; Bonoli et al. 2009). However, re-
cent studies suggest that the triggering of AGN through mergers
might depend on the redshift (Georgakakis et al. 2009; Kocevski
et al. 2012; Villforth et al. 2014; Marian et al. 2019). Especially
in the low redshift regime, the dependence of AGN on merg-
ers seems to be minimal (Reichard et al. 2009; Cisternas et al.
2010; Sabater et al. 2015; Wethers et al. 2022). Instead, minor
mergers and secular processes could be behind the triggering of
AGN in galaxies (Georgakakis et al. 2009; Villforth et al. 2017;
Hernández-Toledo et al. 2023). Understanding the mechanisms
that trigger AGN host galaxies is important for gaining insights
into the regulation of star formation, morphology, and the chem-
ical enrichment of galaxies.
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While there have been numerous investigations on the im-
pact of AGN on the growth and star formation history (SFH) of
galaxies, the conclusions of these studies are still under debate
(see Alexander & Hickox 2012; Kormendy & Ho 2013; Heck-
man & Best 2014). Some studies show that AGN quench the star
formation in host galaxies (e.g., Page et al. 2012; Barger et al.
2015), whereas others find enhanced star formation in AGN host
galaxies (e.g., Mullaney et al. 2012; Kim & Ho 2019). Kalfount-
zou et al. (2017) and Suh et al. (2019) meanwhile present evi-
dence that AGN activity does not quench or suppress star for-
mation, and instead stellar mass and jet power might be its
main drivers. The impact of AGN on galaxies might also be due
to the morphology of the galaxies they reside in. Pović et al.
(2012) found that almost 50% of AGN hosts are seen in massive
spheroidal and bulge-dominated (BD) galaxies, and about 18%
reside in disk-dominated (DD) hosts (Furusawa et al. 2008) us-
ing a sample of X-ray AGN hosts from the Subaru/XMM-Newton
Deep Survey (SXDS). Rosario et al. (2013) found that, particu-
larly in the X-ray AGN regime, the star formation rate (SFR)
of X-ray-selected quasars is consistent with that of star-forming
(SF) galaxies in the Cosmological Evolution Field Survey (COS-
MOS) field (Scoville et al. 2007). Masoura et al. (2018) mean-
while suggest that AGN enhance the star formation of their host
galaxies when they lie below the main sequence of galaxies,
and suppress star formation when the host galaxies lie above the
main sequence for X-ray-selected AGN within 0.03 < z < 3. Re-
cently, Mountrichas et al. (2022a,b) have found that X-ray AGN
with 42 < log Lx2−10keV < 44 tend to have SFRs that are lower
than, or at most similar to, inactive galaxies, but tend to have
higher SFRs than inactive galaxies at higher X-ray luminosities.
The discrepancies arising from these studies could be a result
of using different samples of AGN and comparison galaxies, or
could indicate that the properties of host galaxies change as a
function of redshift.

These studies have provided context for the global coevolu-
tion of SMBHs and their host galaxies. To truly understand the
impact of AGN on their host galaxies, however, it is necessary
to also study effects at scales ranging from parsecs to kilopar-
secs, especially in the central region where AGN activity can
have the greatest impact (Ellison et al. 2021; Ramos Almeida
et al. 2022). By resolving the galaxy into smaller spatial regions
and analyzing the properties of these regions in detail, integral
field spectroscopy (IFS) studies using integral field units (IFUs)
can provide valuable insights into the feedback mechanisms of
AGN. It has been shown that the distribution of the SFR in galax-
ies is not uniform but rather displays a complex spatial vari-
ation that depends on the environment and morphology of the
galaxy (González Delgado et al. 2015; González Delgado et al.
2017). Variations in the SFR of galaxies are usually associated
with their gas kinematics, and metallicity can have a significant
impact on the evolution of galaxies and the formation and prop-
erties of stellar populations and SF is regulated via various en-
vironmental processes, such as ram-pressure stripping and tidal
interactions, and internal processes, such as feedback from AGN
(González Delgado et al. 2015; Taylor et al. 2019; Bessiere &
Ramos Almeida 2022). These studies have shed new light on the
complex interplay between the galaxies and their surrounding lo-
cal environments, and have given valuable insights into the phys-
ical processes that regulate star formation and shape the proper-
ties of galaxies over cosmic time. As such, it is critical to inves-
tigate the impact of AGN on both the centers of their galaxies,
where they reside, and the outskirts. Therefore, we expanded on
these previous studies by examining the spatial impact of X-ray
AGN on the galaxies they inhabit.

In this study we examined the properties of galaxies from the
central regions to their outskirts and explored the role of AGN
activity in shaping their host galaxies. We studied the impact
of AGN on the star formation of host galaxies, particularly at
low redshifts, by obtaining their physical properties and com-
paring them to a carefully constructed control sample of inactive
galaxies. We used the data provided by the miniJPAS survey in
a square degree of area to construct a small sample of active and
inactive galaxies selected by X-ray emission. We first compared
their global properties and then investigated whether the behav-
ior of radial profiles differ in different X-ray luminosities and
morphological systems. With this work, we also set the stage for
a similar study with a much larger sample of active and inactive
galaxies to be provided by the ongoing Javalambre Physics of
the Accelerating Astrophysical Survey (J-PAS).

The structure of this paper is as follows. The data used in this
work are described in Sect. 2. The method and spectral energy
distribution (SED) fitting processes are outlined in Sect. 3. The
results are presented in Sect. 4, and we discuss the implications
of these results and conclusions in Sect. 5 and 6, respectively.
Throughout this work, we adopt the parameters of Lambda cold
dark matter cosmology estimated by Planck Collaboration et al.
(2018), with h = 0.674, ΩM = 0.315, and ΩΛ = 0.685. Magni-
tudes are quoted in the AB system unless specified otherwise.

2. Data and sample selection

In this section we describe the data used in our research. In Sect.
2.1 we describe the miniJPAS survey and the optical data used
to fit the SED of galaxies in this study. Section 2.2 describes
the X-ray data and the catalogs used to select AGN. Finally, we
summarize and explain the process of our sample selection in
Sect. 2.3.

2.1. The miniJPAS and J-PAS surveys

J-PAS (Benitez et al. 2014) is a wide-field cosmological sur-
vey using a 2.5-meter telescope and a 4.7 square degree camera
with 1.2 gigapixels at the Javalambre Observatory in Spain. It is
equipped with 54 narrowband filters, with a full-width half maxi-
mum (FWHM) of 145 Å, complemented with two broadband fil-
ters in the blue and red optical wavelengths, that provide contin-
uous spectral coverage from 3780 Å to 9100 Å. The survey will
ultimately observe thousands of square degrees of the northern
sky and measure photometric redshifts (photo-z) for more than
90 million galaxies and millions of AGN in an effective volume
of approximately 14 Gpc3 out to z = 1.3.

The miniJPAS survey (Bonoli et al. 2021), a preview of the
full J-PAS survey, is a 3D survey covering 1 square degree of
the Extended Groth Strip (EGS)/All-wavelength Extended Groth
Strip International Survey (AEGIS) field (Davis et al. 2007) us-
ing 60 optical filters from J-PAS. Equipped with a 9k × 9k CCD
and 0.3 square degree field of view and resolution of 0.23 arc-
seconds per pixel, it is complete to r = 23.6 AB for point-like
sources and r = 22.7 AB for extended sources. The miniJPAS
catalog includes more than 64,000 sources, with primary detec-
tion in the r band and forced photometry in all other bands. Fig-
ure 1 shows the footprint of miniJPAS, the EGS field, and the
positions of our galaxies hosting AGN and the control sample
(see below).

Studies such as San Roman et al. (2019) and González Del-
gado et al. (2021) have demonstrated the capability of multi-
wavelength photometric surveys to study the global and spatial
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Fig. 1. Sky map showing the location of the X-ray sample (blue dia-
monds) and the SF sample (empty triangles) in the miniJPAS footprint
(gray). The rectangular area (black line) shows the EGS field (Davis
et al. 2007).

properties of stellar population of galaxies with the J-PLUS and
miniJPAS datasets, respectively. They have shown that an ad-
vantage of these datasets over the traditional IFUs is that, they
provide an unbiased and wider field of view of galaxies that
would otherwise not be observed by IFU surveys. The miniJPAS
dataset has also already been used for studying several topics
in the field of galaxy evolution such as their coevolution with
SMBH (Chaves-Montero et al. 2022; López et al. 2023), the
role of environment in star formation (González Delgado et al.
2022) and selection of quasars using machine learning and artifi-
cial neural networks (Queiroz et al. 2023; Rodrigues et al. 2023;
Martínez-Solaeche et al. 2023). In this work, we utilized the IFS
capabilities of miniJPAS to study the radial profiles of galaxies
with and without an AGN.

2.2. Chandra and XMM-Newton

X-rays are excellent probes of AGN as they are not affected by
the stellar light of host galaxies (see Brandt & Alexander 2015;
Padovani 2017 for reviews). The EGS field has been well stud-
ied with X-ray missions, such as the X-ray Multi-Mirror Mis-
sion (XMM-Newton; Liu et al. 2020) and Chandra surveys (Laird
et al. 2009; Nandra et al. 2015) with a flux detection limit of
6.6 × 10−16 erg/s/cm2 and 5.5 × 10−17 erg/s/cm2 in 2-10 keV
band, respectively (Ranalli et al. 2013). Hence, we used the
X-ray data from these two surveys to select AGN host galax-
ies in the miniJPAS field. We cross-matched the X-ray sources
of the two surveys in both the soft (0.5-2 keV) and hard (2-10
keV) bands using a distance of five arcseconds, removing spec-
troscopically confirmed stars and spurious sources detected in
the Chandra survey following the Nandra et al. (2015) methods.
The counterparts of Chandra X-ray sources were identified us-
ing a likelihood estimation process with optical and infrared data
in their study, while the counterparts of XMM-Newton sources
were identified using the Bayesian “NWAY” method (Salvato
et al. 2018) as described in Liu et al. (2020). In this work we
used the X-ray fluxes of Chandra sources when available as it
has a higher spatial resolution of 0.4" FWHM compared to 6"
FWHM of the XMM survey. A complete catalog of miniJPAS

sources with X-ray emission detected in Chandra and XMM-
Newton within z = 2.5 can be found in López et al. (2023).

2.3. Sample selection

The miniJPAS catalog contains 64,000 sources detected in the
r-band. We needed sufficiently bright objects to be able to dis-
sect galaxies elliptically to obtain their radial profiles, the goal
of this work. Hence, we only selected objects with apparent r-
band magnitude (rMag) < 21, which left us with 4,770 objects.
We only used sources with spectroscopic redshift z < 0.3 in
Sloan Digital Sky Survey (SDSS) Data Release 16 (Ahumada
et al. 2020) to eliminate any potential uncertainties on the phys-
ical properties of the objects. This leaves us with 456 objects
with z < 0.3 in the local Universe. The magnitude and redshift
cuts were chosen to maximize the quality of photometric data
and maintain the visual quality of sources (S/N > 3), as we find
most of the extended objects with high S/N lie within the afore-
mentioned ranges in our sample. The miniJPAS catalog also pro-
vides us with the morphological classification, CLASS_STAR
values from SExtractor (Bertin & Arnouts 1996) where extended
sources are classified with CLASS_STAR ∼ 0 and point sources
with CLASS_STAR ∼ 1. We selected extended sources with
CLASS_STAR < 0.1 and with semimajor size > 2" (min 0.82
kpc/" at z = 0.04 to max 4.61 kpc/" at z = 0.3 for our redshift
range) as we needed extended objects with a big enough size to
perform spatial operations. Finally, we were left with 258 galax-
ies within the limits of our selection process, which constitutes
the parent sample. We present the sky map showing the locations
of our X-ray and control samples within the miniJPAS footprint
in Fig. 1. The summary of the selection process of AGN and non-
AGN samples can be seen in a flowchart in Fig. 2. Additionally,
Fig. 3 illustrates the distribution of redshift, semimajor axis size
in both arcseconds and kiloparsecs and r-band magnitude distri-
bution for both samples.

2.3.1. X-ray sample

To select AGN from the parent sample, we cross-matched them
with the counterparts of X-ray sources from Chandra and XMM-
Newton in the 0.5-2keV band within 5". This resulted in a to-
tal of 38 X-ray AGN within the defined magnitude, redshift,
and size limits. Upon visual inspection of the cross-matched
sources, we found that six of them were corrupt in the miniJPAS
database, which could be due to saturated pixels, overlapped
tiles, or sources being too close to tile boundaries in the extrac-
tion process (see Bonoli et al. 2021 for details on bad flags).
Hence, the final AGN sample contains 32 X-ray detected galax-
ies. A list of these galaxies is provided in Table C.1. We further
classified our AGN sample into three categories with respect to
their X-ray luminosities. We find 9 objects without Lx2−10keV X-
ray detection in both surveys, 11 objects with log Lx2−10keV < 41
erg/s and 12 objects with log Lx2−10keV > 41 erg/s. The normal-
ized distribution of X-ray luminosity of the AGN sources in soft
and hard bands is shown in Fig. 4.

2.3.2. Control sample

The control sample allowed us to examine the impact of AGN
activity on the host galaxies. On top of the X-ray-undetected
galaxies in the 0.5-2 keV band, to ensure that our control sample
consists of truly inactive galaxies, we excluded objects that are
classified as optical AGN and composite galaxies based on the
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miniJPAS sources 
 N~64,000

rMag < 21 
 N=4,770

Spectroscopic Redshift < 0.3 
 N=456

Parent Sample 
Objects classified as galaxies 
& semi-major axis size > 2"

 N=258

Cross-match with X-ray sources

X-ray Sample 
N=32

True

Non X-ray Sample 
 N=226

False

No Lx(2-10keV) Det. 
N=9 (8)

Lx(2-10keV) < 41 erg/s 
N=11 (9)

Lx(2-10keV) > 41 erg/s 
N=12 (6)

Star Forming 
N=71 (23)

BPT Selection

Fig. 2. Steps taken to build the samples of active and inactive galaxies. No Lx2−10keV detection signifies objects detected only in the 0.5-2keV band.
The numbers in brackets denote the size of the mass-matched samples (see Sect. 4.1.1)

Baldwin, Phillips, and Terlevich (BPT) diagram (Baldwin et al.
1981). The BPT diagram is a tool commonly used to differentiate
between AGN and SF galaxies based on their emission line ra-
tios. By comparing the [O III]/Hβ and [N II]/Hα line ratios of our
sample, we could identify objects that show AGN-like emission
and excluded them from the control sample. Martínez-Solaeche
et al. (2021) have developed a method based on Artificial Neural
Network to measure the emission lines of J-PAS galaxies using
synthetic photometry of Calar Alto Legacy Integral Field Area
(CALIFA) (Sanchez et al. 2012), Mapping Nearby Galaxies at
Apache Point Observatory (MaNGA) (Bundy et al. 2014), and
SDSS. The method has been tested and shown to identify and
classify emission lines of galaxies in the miniJPAS field up to
z < 0.35 in Martínez-Solaeche et al. (2022). Excluding objects
with X-ray counterparts, we were left with a total of 226 non X-
ray galaxies. We used the Kewley et al. (2001) and Kauffmann
et al. (2003) lines as a boundary for classification. Sources lying
between these lines are classified as composite samples, sources
lying above the Kewley et al. (2001) line are classified as opti-
cal AGN and sources falling below the Kauffmann et al. (2003)
line are classified as SF samples. The SF sample represents the

population of galaxies that have high star formation activity and
negligible AGN activity, which we used as the control sample
for this work, while the composite sample represents the popula-
tion of galaxies that have both star formation and AGN activity.
With this segregation, we were left with 71 purely SF galaxies.
The distribution of all the extended sources in the BPT diagram
used in this study can be seen in Fig. 5.

3. Methods

In this section we first describe the methods used in this work
to model and subtract the contribution from the AGN to the
galactic spectra using GALFITM in Sect. 3.1. Second, we describe
the steps taken to dissect the galaxies into several elliptical an-
nuli with piXedfit in Sect. 3.2. Finally, we describe the SED fit-
ting procedure using the Code Investigating Galaxy Emission
(CIGALE) in Sect. 3.3.
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Fig. 4. Distribution of X-ray luminosities in the soft (0.5-2 keV) and
hard (2-10 keV) bands of the X-ray AGN sample. The plot shows that
most of the selected AGN have weak X-ray emission, and only five
objects have log Lx2−10keV > 42 erg/s.

3.1. Estimate of the AGN contribution

AGN emission can dominate the light in the UV-optical wave-
lengths and mask the underlying properties of the host galaxies,
especially in the case of type-I AGN (Suh et al. 2019). Hence,
it is essential to remove the contamination from the AGN emis-
sion to study the unbiased properties of the host galaxies of our
X-ray AGN sample. To achieve this, we used GALFITM (Peng
et al. 2002; Vika et al. 2013; Häußler et al. 2022), software
that performs a multiwavelength morphological decomposition
of galaxies by fitting a model to the observed image. This al-
lowed us to separate the contribution of the AGN component
from the rest of the galaxy.

We performed three-component modeling of the full galaxy,
to make sure the AGN component is properly estimated, al-
though ultimately we only subtracted the AGN component from
each image. We used a Sérsic function with Sérsic index n = 1
to fit the galaxy disk, a Sérsic function with free Sérsic index for
the bulge, and a point spread function for the AGN component.
Figure 6 shows an example of the GALFITM decomposition with
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Fig. 5. BPT line diagnostic diagram of all the sources in our sample
calculated from Martínez-Solaeche et al. (2021). The dashed blue line
shows the SF line of Kauffman et al. (2003), and the solid blue lines
show the maximum starburst model from Kewley et al. (2001). All the
objects between these lines are known to be SF-AGN composites or
transition objects. The dotted line shows the demarcation line separat-
ing Seyferts and LINERs (Schawinski et al. 2007). The triangles show
only soft (0.5-2 keV) X-ray-emitting galaxies, and the diamonds repre-
sent galaxies emitting both soft and hard (2-10 keV) X-ray fluxes. The
gray points show all sources without X-ray emission, and the empty
black circles below the dashed line show the SF sample. This figure
also demonstrates the importance of selecting AGN using X-rays, as
most of the AGN in our sample would have been identified as SF or
composite galaxies if not for their X-ray detections.

these three components for one of the AGN sources. Figure 7
shows the scatter plot of δrMag (i.e., the difference in rMag be-
fore and after the removal of the AGN component) against the
observed rMag of the X-ray sources. However, probably due to
the low luminosities of the AGN in our sample, we do not find
any evidence of a correlation between δrMag and X-ray lumi-
nosity.

We note that the residuals do not appear to be perfectly flat
(i.e., the intensity of residuals ,0) in the images shown in Fig. 6,
and some structures that look like spiral arms of the galaxy be-
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Fig. 6. Example of multiwavelength three-component decomposition of an AGN host galaxy at z=0.11 (miniJPAS ID:2470-14395). The first five
rows show the original images in the narrowband filters taken from the miniJPAS survey. The next five rows show the models generated from
GALFITM, which were obtained by modeling the galaxy with a fixed galactic disk, a free Sérsic parameter for the bulge, and a point spread function
for the AGN component. The last five rows show the residual images when the model images in each filter are subtracted from the original images.
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Fig. 7. Scatter plot showing the difference in the r-band magnitude of
AGN host galaxies before and after the removal of the AGN contribu-
tion. The points in the soft and hard bands are color-coded based on
their X-ray luminosity. The size of the points is relative to the physical
size of the host galaxies. The plot shows the impact of AGN in the ob-
served magnitudes of galaxies. However, we do not see any correlation
between the δ rMag and rMag or Lx of the AGN hosts.

come visible in the residuals. Moreover, it could also be possible
that we overestimated the central AGN component, which could
lead to the underestimation of mass and SFR of the central bins.
To address this issue, we investigated the average residuals in the
central bin for all the X-ray galaxies modeled through GALFITM.
Figure B.1 shows the intensity of residuals in the central bin in
each of the optical bands. We find that the deviation of inten-
sity from 0 is minimal, with an average of 0.015±0.048 units.
Additionally, we tested omitting this step and find that doing so
does not significantly change our results (see Figure B.2). This,
again, is likely due to the low-luminosities of the AGN in our
sample. Obtaining perfect morphological fits for the structures
of the AGN host galaxies, however, is beyond the scope of this
work, as this exercise is only meant to reduce the contamination
of the AGN component as much as possible for the subsequent
SED fitting and for obtaining an estimate of the magnitude of
the disk and bulge components in each galaxy, which allows us
to classify them morphologically (see Sect. 4.2.2).

3.2. Dissecting galaxies

The main goal of this work is to understand the spatial varia-
tion of star formation in X-ray AGN host galaxies. Thus, we
needed to divide these galaxies into various regions to analyze
them separately. To accomplish this, we used a method similar
to that of IFUs and utilized the binning module in piXedfit
(Abdurro’uf & Akiyama 2017; Abdurro’uf et al. 2021), which is
a Python package that provides tools for analyzing spatially re-
solved properties of galaxies using multiband imaging data alone
or in combination with IFS data.

For each galaxy, we subtracted the AGN component (esti-
mated by GALFITM) from the host galaxy and fed this image into
piXedfit. Then, using the binning module in piXedfit, we di-
vided each of our sources into several radial bins based on their
effective radii (Re) with respect to their position angle obtained
from the output of GALFITM for r-band images, with each bin
having a width of 0.25 Re up to 1.75 Re. We limited our inves-

tigation for this work to 1.75 due to the decrease in the S/N as
we move farther toward the edges of galaxies. An example of
this process is shown in Fig. 8 (third panel), which illustrates
the division of one of our X-ray sources into various radial bins
with increments of 0.25 Re. We then extracted the J-spectra for
each of these bins and prepared them for SED fitting, as shown
in the bottom right panel of Fig. 8. The magnitude of each pixel
is given by the equation

magAB = −2.5log(ADU) + ZPT, (1)

where ADU stands for analog-to-digital units and is used in the
miniJPAS survey to store the values of each pixel in the survey
area. The ADU keeps the record of the intensity of photons hit-
ting the CCD of a telescope in a digital form and ZPT refers to
the zero point of the filter in context. The total magnitude of each
elliptical annulus can then be obtained by adding the contribu-
tion of each pixel in the respective bins. The J-spectra obtained
for each annulus is then fed to CIGALE for the SED fitting pro-
cedure to obtain the mass and SFR of the galaxies within the
annuli.

3.3. SED fitting

Several programs and codes have been developed to facilitate
the process of obtaining physical properties of galaxies. Most of
these tools are based on the principle of energy balance, which
states that the energy emitted in the infrared is equal to the en-
ergy absorbed in the ultraviolet/optical wavelengths, for example
BAGPIPES (Carnall et al. 2018), MAGPHYS (da Cunha et al.
2011), and ProSpect (Robotham et al. 2020). In this work we
used CIGALE v2022 (Yang et al. 2022), an upgraded version of
X-CIGALE (Boquien et al. 2019; Yang et al. 2020), which can
take the luminosity produced by AGN into account in the SED
fitting process. The results of SED fitting using X-CIGALE have
been tested by Mountrichas et al. (2021a) for 2500 galaxies in
the XMM-XXL field, and the models produced by X-CIGALE
were found to agree with the results of visual inspection of ran-
domly selected optical SDSS spectra for 85% of AGN within z
< 1 when using X-ray flux. The authors conclude that the inclu-
sion of X-ray flux in the modeling improves the statistical signifi-
cance of AGN fraction measurements. Even though the inclusion
of X-ray significantly improves the estimation of stellar popula-
tion for luminous AGN with Lx > 1045 erg s−1, they found that
including X-ray in SED modeling generally improves the esti-
mation and characterization of the AGN component. Therefore,
for the purposes of this work, we used CIGALE v2022 (hereafter
referred to as CIGALE) to obtain the physical properties of our
samples.
CIGALE takes into account various physical processes that

can contribute to the observed SED of a galaxy, such as SF, dust
attenuation, and AGN activity. In the latest version of CIGALE,
the code includes an improved treatment of the extinction of UV
and optical emission in the polar regions of AGN and models
the X-ray emission of galaxies. The process of SED modeling
with CIGALE involves inputting a variety of parameters and as-
sumptions about the galaxy, such as its SFH, metallicity, and ini-
tial mass function. CIGALE then uses these inputs to generate a
model SED for the galaxy, which can be compared to the ob-
served SED to infer the physical properties of the galaxy. In the
following section, we describe the working principle of CIGALE
and discuss specific inputs and assumptions that we used in this
paper to model the SEDs of our active and inactive galaxies.
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Fig. 8. AGN host galaxy (miniJPAS ID:2470-14395) at z = 0.11 (top left) and its J-spectra and SED fitting (top right). The filled colored points
show the observed J-spectra, and the open red circles show the fitted points on the spectra. The host galaxy is divided into several elliptical annuli,
as shown in the lower-left panel, and the resulting J-spectra for each of those shells are shown in the lower-right panel.

Components of SED fitting in CIGALE

CIGALE generates a range of models for a given object at
a given redshift, taking into account the input parameters pro-
vided by the user. To create these models, CIGALE first computes
the SFH of the galaxy from a grid of values for SFR. It then
uses this information to estimate the stellar spectrum and single
stellar population models. To fit the spectrum, CIGALE estimates
the nebular emission from the production of Lyman continuum
photons and determines the stellar and nebular attenuation using
an attenuation law. It calculates the luminosity absorbed by
dust and applies the law of energy balance to estimate the dust
emission in the mid and far infrared bands. If requested in the
input parameters, CIGALE can also include the contribution of
an active nucleus to the model. Finally, CIGALE uses the χ2

values as the maximum likelihood estimator to select the best-fit
model for the given object, based on the prior assumptions
made in the input parameters. CIGALE also gives two different
outputs for the estimates of stellar parameters. It gives Bayesian
values that incorporate the prior and uncertainties to obtain a
probability distribution of possible values, and “best” values
referring to the best-fitting value of the stellar parameters

obtained from the SED fitting procedure. We used the Bayesian
values outputted by CIGALE instead of the best values to account
for the errors in the estimates of these parameters. The prior
assumptions we used to compute the models for our samples
of active and inactive galaxies are as follows: For the SFH of
our objects, we adopted a delayed SFH model where the SFR is
proportional to t/τ2 times the exponential of negative t/τ, where
t is the difference between t0 and the lookback time and τ is the
exponentially folding time:

SFR ∝
t
τ2 · exp

(
−

t
τ

)
. (2)

This model has a peak SFR at t = τ and decreases smoothly
thereafter. In addition, we also included an exponential burst
model in our SFH modeling, following the approach of Małek
et al. (2018) to represent the most recent period of star forma-
tion. The stellar emission was modeled using the Bruzual &
Charlot (2003) library and a Salpeter (1955) initial mass func-
tion. We considered three different levels of metallicity: 0.008,
0.02, and 0.05. The attenuated stellar emission was estimated
using the Calzetti et al. (2000) dust attenuation law, while the
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dust emission was modeled using the Dale et al. (2014) tem-
plates. In order to model the AGN emission of our galaxies, we
used the SKIRTOR template developed by Stalevski (2012). We
considered both type 1 and type 2 AGN by allowing for view-
ing angles of 30 degrees and 70 degrees, respectively. We also
applied the Calzetti et al. (2000) law for the extinction of dust.
To account for X-ray emission from the AGN host galaxies, we
adopted a photon index of 1.8, as suggested by the X-ray source
catalog compiled by López et al. (2023). CIGALE also accounts
for the emission of X-ray from low- and high-mass X-ray bina-
ries (LMXBs and HMXBs, respectively). Additionally, we set
the max value of αox, a measure of the X-ray to ultraviolet flux
ratio, to 0.2, the maximum acceptable value according to the αox-
L2500Å relation from Risaliti & Lusso (2017). This value is also
used in previous studies by Yang et al. (2020) and Mountrichas
et al. (2021b, 2022a). Beside the contamination in SED from an
AGN that appears as a point source, AGN can also leave signs
of an extended, scattered emission in the host galaxies, for ex-
ample, in the form of Lyman-alpha lines in the surrounding neb-
ular gas. This can have a direct impact on the estimation of SFR
of galaxies, especially in the high-redshift (z>2) regime where
these lines are shifted to the optical wavelengths (Stark et al.
2013; De Barros et al. 2014). To account for this, CIGALE uses
the nebular emission module estimated using the Inoue (2011)
models, which take into account massive stars continuum and
emission lines produced by high energy photons that ionize the
surrounding gas. Table 1 lists the parameters used to model the
SEDs for all our galaxies. We ran the SED fitting on our sam-
ples with and without including the AGN and X-ray modules in
CIGALE, and did not find any significant changes in the results
of our fitting (see Fig. B.4). These results are in agreement with
Mountrichas et al. (2021a) who found no significant contribu-
tions of X-ray on the properties of AGN for galaxies with log
Lx2−10keV < 43 erg/s. To assure the quality of SED fittings and
make sure that they do not affect the results of this study, we
checked the reduced chi-square (χ2) values of the fitted samples
and found that all of the samples showed χ2 values of less than
5.5 (Fig. B.3). Only 1 of the 32 objects in the X-ray sample and
11 of the 97 objects in the control sample have χ2 values greater
than 3. We confirm that including the objects with χ2>3 does not
produce any differences in the final results of this work.

4. Results

In Sect. 4.1 we report the results of the SED fitting for the to-
tal photometry of the galaxies, where we determine the stellar
masses and SFR for each of our sample based on the flux mea-
sured inside the Kron radius from the miniJPAS catalog. Fol-
lowing the elliptical binning procedure outlined in Sect. 3.2, we
display the radial profiles of these objects in Sect. 4.2.

4.1. Global properties

Here we present the results of our analysis of the stellar masses,
SFRs, and specific star formation rates (sSFRs) of the AGN and
SF populations. These quantities were obtained by performing
SED fitting on the data, as described in Sect. 3.3.

Figure 9 (left) shows the mass distribution of the X-ray AGN
host galaxies compared to that of the SF sample. It is clear from
the figure that the AGN tend to reside in more massive galax-
ies with a median of 10.92 ± 0.68 log M⊙ than the SF sample
with a median mass value of 10.39 ± 0.64 log M⊙. KS test re-
veals a p value of ∼10−4, which shows that the two samples are
not drawn from the same underlying population. The results are
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Fig. 9. Distribution of the estimated stellar mass (left), SFR (center),
and sSFR (right) for the X-ray AGN (blue), and SF (black) populations.
The median values for each population are indicated by the vertical
lines, and the corresponding values along with their associated errors
are shown on the plot.

rather different when it comes to the star formation properties
of these populations. From the central panel on Fig. 9, it appears
that within 1 sigma, the median SFR for AGN and SF sample are
the same. AGN sample shows a higher log SFR median values
of 0.67 ± 0.23 compared to 0.65 ± 0.18 of the SF sample. How-
ever, it can be seen that the SFR distribution of the X-ray sample
exhibits a bimodal distribution. Hence, any averages taken pop-
ulations needs to be treated with caution.

To get a more comprehensive view of the SF properties of
these galaxies, we plotted the distribution of the sSFRs. The
sSFR is defined as the SFR per unit mass (sSFR = SFR/Mass)
and is often used to distinguish between actively SF and quies-
cent galaxies. sSFR is an important property of galaxies that is
related to a characteristic time, is independent of the cosmology
and initial mass function, and represents the time needed to grow
a unit of stellar mass at the current SFR (González Delgado et al.
2015; González Delgado et al. 2017) . The distribution of the sS-
FRs for the AGN and SF samples, shown in Fig. 9 (right), reveals
a small difference between the two populations. The AGN pop-
ulation appears to have a larger proportion of sources with lower
sSFRs, leading to a slightly smaller median value than that of the
SF sample, with the AGN sample having a log median sSFR of ∼
-9.94 ± 1.19 yr−1 compared to -9.40 ± 1.11 yr−1 for the SF sam-
ple. The sSFR distribution of X-ray AGN shows two peaks at ∼
-11.9 yr−1 and ∼ -9.6 yr−1, which hints at two subpopulations in
this sample. The presence of a larger fraction of quiescent galax-
ies in the AGN sample compared to the SF sample is clearly
indicated by these results.

Effect of mass on SF parameters

We find that X-ray AGN host galaxies have a preference
for residing in more massive galaxies compared to SF galaxies.
We can see in Fig. 9 that the median mass of AGN hosts is ∼
0.5 dex larger than the SF population, which most likely is due
to our selection bias arising from the apparently brighter AGN
sample (see the rightmost panel of Fig. 3). This might affect
the results we obtain for the radial profiles of the samples, as
massive galaxies are known to have higher SFR rates in general.
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Parameter Model Values

SFH: delayed model

E-folding time [Myr] 50, 100, 200, 500, 700, 1000, 3000
Stellar age [Myr] 1000, 2000, 3000, 4000, 5000,

7000, 9000, 10000, 12000

SSP: Bruzual & Charlot
(2003)

Initial mass function Salpeter (1995)
Metallicity (Z) 0.008, 0.02, 0.05

Galactic dust extinction

Dust attenuation law Calzetti et al. (2000)
Reddening E(B-V) 0.0, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7,

0.8, 0.9

Galactic dust emission:
Dale et al. (2014)

Alpha slope in dMdust x U αdU 1.0, 1.5, 2.0, 2.5, 3.0

Nebular: Inoue. (2011)

log U -2.0
width lines 200 kms−1

AGN module: Skirtor

Torus optical depth at 9.7 microns 7.0
Torus density radial parameter (p) 1.0
Torus density angular parameter (q) 1.0
Angle between the equatorial plane and edge of the torus 40°
Ratio of the maximum to minimum radii of the torus 20
Viewing angle 30°, 70°
AGN fraction 0.0, 0.01, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6,

0.7, 0.8, 0.9, 0.99
Extinction law of polar dust SMC
E(B-V) of polar dust 0.0, 0.01, 0.02, 0.03, 0.05, 0.1, 0.2,

0.4, 0.6, 1.0, 1.8
Temperature of polar dust (K) 100
Emissivity of polar dust 1.6

X-ray module

AGN photon index 1.8
Maximum deviation from the L2500 relation 0.2
LMXB photon index 1.56
HMXB photon index 2.0

Table 1. CIGALE input parameters used in the SED modeling of galaxies.

In order to account for this difference, we selected SF galaxies
whose masses were within a 0.2 dex range of AGN masses in
each mass bin. For each of the mass bins, a random SF galaxy
was chosen until the number of SF galaxies and AGN hosts were
the same in those bins. Mass bins where we did not find enough
SF samples to match against the AGN sample were discarded.
The obtained distribution for global stellar mass, SFR and sSFR
can be seen in Fig. 10.

We find that the global results change significantly when the
samples are mass-matched (p≈1). The AGN sample shows 0.2
dex higher median SFR compared to the SF sample, but KS test
p value of 0.99 indicates that they are drawn from the same un-
derlying population. The difference in their sSFR is ∼0.04 dex,

which is well within their error ranges of ∼1 dex (p≈0.42). It is
evident from these plots (Fig. 10) and KS tests that the SF and
AGN samples with similar masses exhibit very similar SFRs,
and AGN activity does not seem to have any effect on the SFH
of their host galaxies on a global scale. We find this result is
in line with findings reported by Mountrichas et al. (2022a,b)
in their study of the influence of AGN on host galaxies, where
they also did not find any significant differences in the SF prop-
erties of X-ray-selected AGN with 42 < log Lx2−10keV < 44 and
mass-matched SF galaxies. We argue that our results extend this
finding to lower luminosities down to log Lx2−10keV∼ 40 erg/s.
However, some follow-up studies with much larger samples in
the J-PAS field are required to confirm the results as the sam-
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Fig. 10. Distribution of the estimated stellar mass (left), SFR (center),
and sSFR (right) for X-ray AGN (blue) and SF (black) mass-matched
populations. The median values for each population are indicated by the
vertical lines, and the corresponding values along with their associated
errors are shown on the plot.

ple size used in this study is very small compared to the sample
used in the Mountrichas et al. (2022a,b) papers (∼1800 and 1000
galaxies, respectively).

4.2. Radial or 2D properties

In this section we present the analysis of the radial properties of
SF and AGN host galaxies. To ensure a fair comparison, we com-
pared only the properties of the mass-matched samples presented
in Sect. 4.1. The average Re of the AGN sample was found to
be 3.9±0.4 kpc compared to the average Re of 4.2± 0.6 kpc of
the SF galaxies. We took any potential biases that could arise
from the difference in their size into account by normalizing the
masses and SF properties of all the samples with respect to their
surface area within the annuli, also known as their surface densi-
ties (Σ). We compared the radial variation in the ΣM⋆ , ΣS FR, and
sSFR of the AGN sample against those of the control sample to
explore if they exhibit differences in their radial profiles. While
sSFR is independent of cosmology, ΣS FR is largely insensitive
to the past SFH and provides a measure of current SF activities
and is tied to the molecular gas densities (Salim et al. 2023). The
combination of sSFR and ΣS FR provides a more comprehensive
understanding of the SF activities of a galaxy.

Figure 11 shows the radial profiles for the samples matched
by their stellar masses. We find that the X-ray-selected AGN host
galaxies live in denser galaxies compared to the SF sample. They
seem to be denser by ∼ 0.1 dex (but consistent within 3σ) than
the SF population in the central regions and appear to diffuse
toward the outskirts of galaxies (see Fig. 11, top panel). We find
that the differences in their ΣS FR profiles also follow a similar
trend, albeit with the X-ray population exhibiting slightly higher
values throughout the annuli (Fig. 11, second panel).

The bottom panel in Fig. 11 shows the sSFR profiles of the
AGN and SF samples. Despite the fact that they seem to be con-
sistent within 3σ, we observe that they grow in the exact oppo-
site trend radially with respect to each other. Figure 11 (bottom
panel) shows that star formation is suppressed in the central re-
gions and enhanced in the outer regions, contrasting with the
sSFR profile of SF galaxies (i.e., AGN quench their host galax-

ies from the inside out). This is a very interesting finding and it
suggests that X-ray AGN enhance star formation in host galax-
ies in the outskirts, and quench star formation in the central re-
gions. Our results support recent works like Ellison et al. (2021)
who have also found that the central kiloparsec-scale AGN re-
gions have lower gas fractions than the outer SF regions. They
argue that we do not see a difference in the global SF prop-
erties of active and inactive galaxies as the non-AGN regions
in an otherwise active galaxy greatly overshadow the central
AGN regions. Similar sSFR radial profiles were also found by
Jin et al. (2021) in the MaNGA survey, which supports the idea
of inside-out quenching in AGN host galaxies. Studies such as
Ramos Almeida et al. (2022) and Speranza et al. (2022) calcu-
lated the rate and extent of molecular outflows in quasars and
claim the outflows are AGN-driven, which would also explain
the suppression of SF in central regions of host galaxies. Figure
11 (bottom panel) suggests that the reason we do not see a differ-
ence in the global SF properties of active and inactive galaxies is
due to the simultaneous balancing of suppression and enhance-
ment of SF in AGN hosts. We also report that the profiles of SF
galaxies are in agreement with González Delgado et al. (2016)
where they found a decreasing ΣS FR profile for SF galaxies in the
CALIFA survey and showed that normal SF galaxies gradually
slow down their SF processes toward the edges of galaxies.

4.2.1. Strong and weak X-ray galaxies

To explore if this impact of AGN on host galaxies is an effect
of the strength of the X-ray emission, we divided our AGN host
galaxies further into weak and strong X-ray emitters and com-
pare the differences between them. We sub-sampled the AGN
sample into three bins based on their X-ray strength: AGN
without Lx2−10keV detection (eight sources), 40.1 erg/s < log
Lx2−10keV < 41 erg/s (nine sources), and 41 erg/s > log Lx2−10keV
> 42.3 erg/s (six sources). The radial profiles of AGN and SF
sample after matching them in mass are shown in Fig. 12. It is
clear from the figure that both strong and weak X-ray AGN are
found in slightly denser galaxies (by up to 0.5 dex) than the SF
galaxies, but are consistent within 3σ (Fig. 12, top panel). The
ΣS FR of SF galaxies appear to be lower than all the sub-sampled
AGN as well (Fig. 12, 2nd panel). We see a complex behav-
ior of AGN host galaxies compared to the SF galaxies when it
comes to their sSFR profiles. Their profiles seem to be consistent
within 3σ; however, galaxies with log Lx2−10keV > 41 erg/s ex-
hibit a very similar sSFR profile to that of the SF sample that is
decreasing radially, whereas galaxies undetected in the 2-10keV
band and the ones with log Lx2−10keV < 41 erg/s appear to be
increasing radially (see the bottom panel of Fig. 12). In the cen-
tral regions, the difference between the profiles of weaker and
stronger X-ray galaxies seem to stem from a larger mass con-
tained within 0.5Re in the weaker X-ray galaxies (see Fig. 12, top
panel) and the difference in the outer region seem to be driven
by the difference in SFR. The difference in these profiles could
be a result of the AGN being in different stages of their duty
cycle, which could last from 105-108 years (Konar & Hardcas-
tle 2013; Schawinski et al. 2015; Maccagni et al. 2020; Brienza
et al. 2020) depending on the host galaxy mass (Best et al. 2005;
Sabater et al. 2019). For instance, AGN with the strongest X-
ray luminosities might still be in the early stages of AGN evolu-
tion and not have had time to suppress star formation, whereas
the weaker X-ray AGN, after exhausting their energy, could be
at the later stage of their duty cycle and have had enough time
to quench their host galaxies. The difference could also simply
be due to the very small number of galaxies in each subsample
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Fig. 11. Radial profiles of the ΣM⋆ (top), ΣS FR (middle), and sSFR (bot-
tom) of AGN and the mass-matched SF sample. We can see that the
mass profiles show similar characteristics. In other words, we can see
that the AGN are still slightly more compact than the SF sample, but
consistent within the errors. AGN display a higher ΣS FR profile com-
pared to that of the SF sample. Their sSFR profiles seem to suggest
that X-ray AGN enhance star formation in the outer regions of their
host galaxies and quench the center, whereas we find the exact oppo-
site scenario for the SF sample. Error bars represent the 3σ confidence
intervals.

demonstrated by their large error bars. We plan to answer these
questions in our upcoming work with a much larger sample of
X-ray AGN galaxies detected by the upcoming extended ROent-
gen Survey with an Imaging Telescope Array (eROSITA) sur-
vey (Merloni et al. 2012; Salvato et al. 2022) in the J-PAS field.
Even though the profiles appear to be consistent within the er-
rors, these profiles reiterate the importance of studying galaxies
spatially where we find most interesting and anomalous behav-
iors.
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Fig. 12. Radial variation in the ΣM⋆ (top), ΣS FR (middle), and sSFR (bot-
tom) of strong and weak AGN based on their X-ray strength compared
to the SF sample. The profiles of strong X-ray AGN with log Lx2−10keV
> 41 erg/s are shown with purple lines, moderate X-ray AGN with log
Lx2−10keV < 41 erg/s with red lines, and AGN without Lx2−10keV detec-
tion with green lines. The profiles of SF samples are shown with black
lines. This figure shows that strong X-ray AGN exhibit a profile simi-
lar to that of the SF sample, whereas weaker X-ray AGN show signs of
quenching in the center and enhancement in the outer region of galaxies.
Error bars represent the 3σ confidence intervals.

4.2.2. Morphological dependence

Morphology is also a factor known to correlate with the star for-
mation and growth of galaxies. For instance, it is known that
most late-type galaxies with higher gas fractions exhibit a higher
sSFR whereas early types exhibit a lower sSFR due to their lower
gas fractions (Eales et al. 2017; Calette et al. 2018). In this sec-
tion we investigate whether the differences in radial profiles be-
tween AGN and control samples are due to morphological differ-
ences of the samples. We estimated the bulge-to-disk (B/D) ratio
for all the objects in our samples with the estimated magnitude
for the bulge and disk obtained from GALFIT using r-band im-
ages (see Sect. 3.1). B/D ratios quantify the dominance of bulge
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or disk in galaxies, which give the fraction of stellar mass con-
centrated in the central bulge compared to the disk. A lower ratio
indicates that the object is more likely to be DD, and a higher ra-
tio indicates that the object is more likely to be BD. DD galaxies
are generally thought to have a higher SFR than BD galaxies
(Sérsic 1963). Hence, we divided the control and AGN samples
into three bins of B/D ratios and we defined the systems with
B/D < 0.5 as DD systems, 0.5 > B/D > 1 as pseudo-bulge (PB)
systems, and B/D>1 as BD systems.

We find that 21/32 ≈ 65% of X-ray-selected AGN are hosted
in BD galaxies, compared to 41/71 ≈ 58% of SF sample. 5/32
≈ 16% of the X-ray AGN are hosted in DD galaxies compared
to 16/71 ≈ 22% of SF galaxies, while 6/32 ≈ 19% of AGN are
hosted in PB galaxies compared to 14/71 ≈ 20% of SF galax-
ies. We note here that the results are dominated by low-number
statistics, but we find that the findings are consistent with other
studies that AGN are more likely to be hosted in BD systems
than DD systems (Kauffmann et al. 2003; Pović et al. 2012;
Paspaliaris et al. 2023). However, after matching the samples in
mass, we find 3/23 AGN versus 4/23 SF galaxies in DD sys-
tems, 6/23 AGN versus 4/23 SF in PB systems and 14/23 versus
15/23 in BD systems in the same mass ranges. The distribution
of log B/D values after the samples have been matched in mass
is shown in Fig. 13. The results suggest that in a mass-matched
samples, there appears to be no significant difference in the mor-
phology of AGN and SF galaxies.

The radial profiles of mass-matched galaxies according to
their B/D morphology are presented in Fig. 14. It can be seen that
in DD systems, AGN and SF galaxies show a similarly decreas-
ing ΣM⋆ profile up to 0.75 Re and are consistent within 3σ, then
the AGN ΣM⋆ profiles decline very steeply compared to that of
SF galaxies. In PB systems however, AGN are seen to be much
denser in the central annuli and have a constantly decreasing pro-
file compared to the SF sample, which has a flat ΣM⋆ profile up
to 1 Re, and then declines as we go toward the edges. In BD
systems, both samples show a constantly decreasing ΣM⋆ profile,
and are consistent with each other within 3σ (see Fig. 14, top
row).

The ΣS FR profile of AGN in DD systems is also higher than
that of SF galaxies, though within the 3σ confidence interval. In
PB and BD systems, both samples show a decreasing and con-
sistent ΣS FR profile within 3σ (see Fig. 14, second row). When
it comes to their sSFR profiles, it can be seen that AGN and SF
galaxies are similar up to 0.75 Re, then there seems to be an en-
hancement of star formation in AGN galaxies, whereas the SF
galaxies show a flat profile in DD systems (see Fig. 14, bottom
row). In PB systems, the results are the most interesting where
we see that SF galaxies show decreasing sSFR profile, whereas
we see the exact opposite trend in AGN galaxies upto 1Re and
flatten thereafter. In BD systems, both populations show a flat
profile where they have a constant sSFR throughout their radial
bins, and the profiles are also consistent within 3σ. The scenar-
ios in DD and PB galaxies showing inside-out quenching could
be attributed to the physical processes in the center of AGN host
galaxies that release energy in the form of jets, wind, and radia-
tion; this can heat and displace the surrounding gas, preventing
its collapse and subsequent star formation. AGN-driven winds
and outflows and relativistic jets can interact with the interstellar
medium of the host galaxy and inhibit the formation of new stars
as well. Regarding the SF properties of SF galaxies, we posit that
the ΣS FR profiles of our SF sample are in line with González Del-
gado et al. (2016) who found a decreasing ΣS FR in SF galaxies
and that the SF properties are dependent on their morphology
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Fig. 13. Distribution of log B/D for the AGN and SF samples, shown as
blue and black histograms, respectively, for the mass-matched samples.
The vertical dashed green lines show the boundaries of the morpholog-
ical bins. The numbers of objects in the samples with B/D < 0.5, 0.5
< B/D < 1, and B/D > 1 are displayed in red (left), green (center), and
blue (right), respectively.

and showed that the spheroidal component plays a prominent
role in the radial evolution of SF properties of galaxies.

A caveat here though is that the average masses in DD sys-
tems were found to be 10.44 log M⊙ for AGN sample compared
to 10.91 log M⊙ for the SF sample. Similarly, in PB systems, the
average masses were 10.91 log M⊙ and 10.48 log M⊙ for AGN
and SF galaxies. In BD systems, the average masses of two sam-
ples were similar with 10.87 log M⊙ for the AGN sample and
10.84 log M⊙ for the SF sample, with an average error of ∼ 0.6
dex in their masses in all systems. The discrepancy we see in
their profiles in the DD and PB systems could stem from the fact
that they are not exhibited by galaxies in the similar mass range.
Thus, instead of focusing on the absolute quantitative values of
the SF parameters, we focused on the trend of radial profiles
for these parameters and argue that the AGN sample exhibit an
inside-out quenching scenario.

5. Discussion

5.1. Magnitude and BPT diagram

The filters of miniJPAS provide us with a wealth of information
in the optical bands about the intrinsic properties of the galaxies.
However, it is also important to note the sample size used in this
study. The ideal case scenario for comparing active and inactive
galaxies is to match them in redshift, mass, magnitude, luminos-
ity, and size. We were not able to create a control sample that
matched in each of these categories due to the challenges posed
to us by the very small coverage area of the miniJPAS. In Fig.
3 we also see that the r-band magnitudes of AGN host galax-
ies span to much brighter sources (∼16 mag), compared to the
brightest source in our control sample (∼17.5 mag). Although
the apparent magnitudes are not the same, the absolute magni-
tudes are similar, thus assuring us that the comparison in mass
is fair, given the direct correlation between absolute magnitude
and mass. We tried to address this issue by mass-matching the
samples as shown in Fig. 10.

In Fig. 5, we can see that two-thirds of our AGN sources lie
in the composite region of the BPT diagram, which could also
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more dominant the bulge is in a galaxy. Both samples exhibit decreasing ΣM⋆ and ΣS FR profiles (top two rows). In DD and PB systems, AGN seem
to demonstrate a increasing sSFR profile up to 1 Re whereas the profiles are flat for both samples in BD galaxies (bottom row). Error bars represent
the 3σ confidence intervals.

have introduced some bias in the sample. So the results need to
be considered with some caution. We used a total of 32 X-ray-
selected AGN in the miniJPAS field within z < 0.3, and only a
third of them are in the regime of log Lx2−10keV > 41 erg/s, with
the maximum log Lx2−10keV of 43.5 erg/s. Two-thirds of the AGN
sample had log Lx2−10keV < 41 erg/s and one-third among them
are undetected in 2-10keV band. We also note that 10 of our
AGN sample lie in the SF region in the BPT diagram (Fig. 5),
which could be a case of optically dull AGN and the subsequent
misclassification of X-ray AGN in the BPT diagram (Agostino
et al. 2023). To explore the robustness of the AGN and SF galax-
ies selection method adopted, we tested our results using the
combination of BPT and W(Ha) versus [NII]/Ha (WHAN) dia-
gram (Cid Fernandes et al. 2011) to select SF and AGN sample.
For the SF sample, we selected the mass-matched galaxies that
are classified as SF galaxies in both the BPT and WHAN dia-
grams. Similarly for the AGN sample, we selected X-ray galax-

ies classified as AGN in both the BPT and WHAN diagrams.
This selection method left us with 9 SF and 7 AGN host galax-
ies. The radial profiles for these subsamples agree with the re-
sults found for our fiducial samples, despite the larger error bars
due to lower-number statistics (see Fig. A2). We plan to explore
the selection methods further with a much larger sample in our
future work using data from the J-PAS survey.

5.2. Large-scale environment and X-ray binaries

Studying the impact of the large-scale environment on the radial
profiles of galaxies goes beyond the scope of this paper. How-
ever, to verify if the contrasting profiles between the two samples
is associated with the large-scale environment of the AGN and
SF galaxies, we cross-matched our samples against the miniJ-
PAS group catalog by Maturi et al. (2023). We find that only

Article number, page 14 of 21



Nischal Acharya et al.: The miniJPAS Survey: The radial distribution of star formation rates in faint X-ray active galactic nuclei

4 of the 23 galaxies in the mass-matched SF sample and 6 of
the 23 galaxies in the mass-matched AGN sample were linked
to groups. In PB systems, where the contrast between the sSFR
profiles of the two samples are the most apparent, none of the
galaxies were found to be associated with groups or clusters,
indicating the absence of a significant role of the large-scale en-
vironment for this observation. This finding is consistent with
a recent study by Wethers et al. (2022), who find that there is
no significant difference in the environment of quasars and inac-
tive galaxies at 0.1<z<0.35 and that the AGN activity was not
dependent on the large-scale environment of galaxies.

Another caveat of this study is the origin of X-rays in
our AGN sample. It should be noted that some of the X-ray
detections could have originated from LMXBs and HMXBs.
We cross-matched the counterparts of X-ray detections with
galaxies in the miniJPAS field again within 1" to see if they
are emitted from the center and indeed they were, but due
to the limitations of observational studies, it is impossible to
know their exact location. For example, in an edge-on galaxy,
it could be possible that they are produced by X-ray binaries
that lie on the outskirts of the galaxy, but we would detect
them as central emission due to the viewing angle from our
perspective. In principle, LMXBs could prevent the collapse of
gas, and suppress SF in their host galaxies, and, if the X-ray
emissions did arise from HMXBs, we would expect to see
a higher rate of SF activities where they are present, as has
been shown in recent observations (Soria et al. 2022) and
simulations (Vladutescu-Zopp et al. 2023). The sSFR and ΣS FR
plots in Fig. 12 point to the probability of our AGN sample
being contaminated by these HMXBs. However, past and recent
studies of X-ray luminosity functions (see Grimm et al. (2002);
Fabbiano (2019) for reviews) posit that there is a very low
probability that the X-ray emissions (log Lx2−10keV >39 erg/s)
arise from X-ray binaries in the realm of our low redshift AGN
sample (Lehmer et al. 2019, 2020). We also checked if there
were discrepancies in the ages of our strong and weak X-ray
AGN derived from the SED fitting that led to the results in Fig.
12, which would imply that the galaxies with log Lx2−10keV <
41 erg/s were still in earlier stages of their evolution, and the
stronger ones already evolved in comparison. But we find no
such clear relation between their X-ray luminosities and ages
(see Fig. B.5). Studies with many more objects and a higher
statistical significance are required to explore the complex
relationship between the evolution of X-ray luminosities and
spatial star formation activities.

The limitations of this study were primarily due to our in-
ability to create a large, properly matched sample in all the
properties as mentioned earlier, due to the small area of mini-
JPAS. Despite the large errors in radial profiles, this work
is a successful proof of concept of the power of the J-PAS
photometry as a low resolution IFU. This shows an enormous
potential for the studies that J-PAS will enable when combined,
for example, with the eROSITA-DE survey (Merloni et al.
2012; Salvato et al. 2022) for which there are about 2000 square
degrees in common. Besides that, a combination of multiwave-
length data in the infrared and radio wavelengths is required to
fully understand the outflow of gas and jets that regulate the
star formation in AGN hosting galaxies. We plan to address
this issue in our next work, which will include a much larger
AGN sample, reaching higher redshifts and a greater luminosity
range, with a J-PAS catalog of extended sources. This will help
us better understand and unravel the mysteries surrounding the
AGN activity and feedback on their host galaxies.

6. Conclusions

To unveil empirical evidence of theoretically predicted AGN
feedback, we studied the properties of 32 (23 mass-matched)
local galaxies with central X-ray AGN emission at z<0.3, and
compared them to a control sample of 71 (23 mass-matched)
galaxies at the same redshift within the miniJPAS survey. We
extracted stellar mass and SFR estimates from the two samples,
taking advantage of the 60 optical band data from miniJPAS after
accurate image decompositions via GALFITM to subtract the cen-
tral AGN component. We acknowledge the low-number statistics
of this work and the errors associated with the estimated profiles
of galaxies. Thus, we refrain from making any strong statements,
and rather than focusing on the absolute quantitative values, we
focus on the general trend of the radial profiles of our samples.
Our main conclusions are as follows.

• AGN host galaxies are generally more massive compared to
the inactive population. Even though the mass distributions
of the AGN and SF samples cover a similar range, the median
mass for the AGN sample is ∼ 0.5 dex higher than the control
sample, though consistent within standard errors (as can be
seen in Fig. 9).
• There is no difference in the total SFR and sSFR of AGN

and SF galaxies for the mass-matched samples. This is in
line with Mountrichas et al. (2022a,b), who found no dif-
ference between the SF properties of X-ray AGN with log
Lx2−10keV > 42 erg/s and non-AGN galaxies. We have ex-
tended the range down to log Lx2−10keV ∼ 40 erg/s.
• The sSFR profiles of the AGN and SF samples are consistent

within 3σ; however, the trend of their radial profiles sug-
gests that AGN quench their host galaxies from the inside
out. This is in contrast with the decreasing sSFR profile in
SF galaxies, which suggests that the inside-out quenching of
galaxies could be connected to the central AGN engine (see
Fig. 11). These profiles suggest that the reason we do not see
a difference in the global SF properties of active and inactive
galaxies is due to the simultaneous balancing of suppression
(in the center) and enhancement (in the outskirts) of star for-
mation in AGN host galaxies.
• When we divide the AGN sample based on hard X-ray lu-

minosity, we find that the AGN undetected in the Lx2−10keV
band and those with log Lx2−10keV < 41 erg/s exhibit the
strongest trends of inside-out quenching, whereas AGN with
log Lx2−10keV > 41 erg/s show a sSFR profile similar to those
of SF galaxies (see Fig. 12). This could be due to the AGN
with lower Lx being in their late stage of the AGN life cy-
cle, at which point most of the AGN power has already been
exhausted, having already suppressed the star formation in
the central regions, while the more powerful AGN could be
in their early AGN phase and might not have had enough
time to suppress the star formation in the central regions. We
note, however, the large error bars due to the small sizes of
the samples. In a future work, combining new, wider, J-PAS
data and eROSITA, we plan to study how sSFR profiles de-
pend on nuclear power with significantly higher accuracy.
• In DD and PB systems, X-ray AGN show signs of a sup-

pressed center and enhanced outskirts, as inferred from their
sSFR profiles. In BD systems, AGN exhibit a flat profile
comparable to that of the SF population, and are consistent
within 3σ confidence intervals (see Fig. 14).

We have studied the difference in star formation parameters be-
tween active and inactive galaxies on global to kiloparsec scales
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and find that, overall, X-ray galaxies have suppressed star forma-
tion in the central region compared to their SF counterparts. The
findings corroborate the idea that AGN have a limited negative
feedback area in their host galaxies that extends up to 1Re, be-
yond which the gas might have been blown out due to AGN feed-
back. Meanwhile, we have also demonstrated the potential of J-
PAS as a wide-field low-resolution IFU. The advent of J-PAS,
which will cover thousands of square degrees of the sky, will al-
low us to spatially investigate a statistically significant sample
of galaxies in the nearby Universe together with their group- and
cluster-scale environments, which will further our understanding
of the coevolution and complex interactions between AGN and
their host galaxies.
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Fig. A.1. WHAN diagram used to subdivide our mass-matched SF and
AGN samples into various categories. All the objects to the left of -0.6
log[NII]/Hα are SF galaxies, and those below 0.5 Hα in the y-axis are
considered to be passive. Galaxies above 0.5 Å EW(Hα) and to the right
of -0.6 log[NII]/Hα are considered to be AGN (Cid Fernandes et al.
2011). The blue circles show the X-ray galaxies identified as AGN in
both the BPT and WHAN diagrams.

Appendix A: Purity of the AGN and control sample

To improve the robustness of our work, we further used the
WHAN diagram (Cid Fernandes et al. 2011). A WHAN diagram
is another diagnostic tool similar to the BPT diagram, but it relies
only on [NII] and Hα lines to distinguish between various classes
of galaxies to provide a more robust classification of galaxies
with fewer errors. Here, after the mass matching step, we used
the WHAN diagram as shown in Fig. A.1 to remove Seyferts and
Low-ionization nuclear emission-line region (LINER) galaxies
from our SF sample and to remove the SF galaxies from AGN
sample to see if we get any differences in our results; this left us
with nine objects in the SF sample and seven objects in the AGN
sample. We did not remove these objects in the main sample se-
lection of this study as it would greatly reduce the number of
objects to be analyzed. The possible results are shown here for
a general comparison of the results. Figure A.2 shows the radial
profiles of these AGN and SF subsamples. The main conclusion
of this paper still applies to these very conservatively selected
samples and there is no significant deviation from the main re-
sults of this paper; however, we refrain from drawing any strong
conclusions as the sample size is too small (cf. Figs. A.2 and Fig.
11).

Appendix B: Validation of the results

Figure B.1 shows the intensity of average residuals of our X-ray
AGN sample obtained from GALFITM modeling. The plot shows
that in general, the residuals are close to 0 with an average of
0.015±0.048 units.

Figure B.2 shows the radial profiles of mass-matched X-ray
AGN and control sample as shown in Fig. 11 overplotted by the
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Fig. A.2. Radial profiles of the ΣM⋆ , ΣS FR, and sSFR of the AGN and SF
samples based on the BPT and WHAN diagrams. We find no significant
deviations from the conclusions of the paper. Error bars represent the 3σ
standard errors.

radial profile of X-ray AGN without the correction of AGN com-
ponent through GALFITM. The figure suggests that the subtrac-
tion of AGN component does not produce any significant differ-
ence in the mass and SFR estimations of this work.

Figure B.3 shows the reduced chi-square distributions of the
SED output of CIGALE for our AGN and control sample. Due
to the low-number statistics of this work, especially when com-
paring the number of AGN and SF sample (32 vs. 71), we find
the chi-square values of the SED fittings of control sample to be
more widely spread throughout the bins compared to the AGN
sample. We also checked if the inclusion of X-ray and AGN
module in CIGALE affects the masses of our AGN sample, and
found that the inclusion of these modules constrains the masses
by up to 0.16 dex (Fig. B.4). These values are within the statisti-
cal errors of CIGALE output.
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Fig. B.1. Average intensity of the residuals in the central bins of the AGN sample in each filter obtained after GALFITM modeling. The error bars
show the 25th and 75th quantiles of the distribution, and the shaded gray region represents the standard deviation of the mean value. A horizontal
dashed line is plotted at intensity = 0, where we would obtain a perfectly flat residual image.

Appendix C: AGN sample

In this section we present the list of the AGN host galaxies used
in this study in table C.1 and the images along with their SED
fitting.

Figures that show the AGN host galaxies accompanied by
their observed J-spectra within their Kron radii and the fitted
spectrum with CIGALE to determine their physical properties can
be accessed through Zenodo2. We note that CIGALE does not
fit AGN emission for 1 source with miniJPAS object ID 2241-
18160. This object fell in the composite area in the BPT diagram,
and in the LINER area in the WHAN diagram. This could repre-
sent a case where the AGN is obscured due to dust and CIGALE
fails to fit optical AGN emission for this case. This further em-
phasizes the importance of X-ray emission to identify AGN sys-
tems that are optically obscured and are seen as normal galaxies
without X-ray detections. We report that the inclusion or emis-
sion of this object from our AGN sample does not produce any
differences in the results obtained in this paper.

2 https://zenodo.org/records/11123380
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Table C.1. AGN host galaxies used in this study.

JPAS ID X-ray ID RA Dec. spec_z photoz rMag log Lx (0.2-2 keV)
[erg/s]

log Lx (2-10 keV)
[erg/s]

2241-18160 aegis_044 214.393 52.519 0.271 0.277 19.667 41.567 NaN
2406-2436 aegis_861 215.106 53.079 0.199 0.202 19.557 40.929 40.890
2406-9782 egs_1042 215.350 53.137 0.201 0.200 19.562 40.472 41.776
2243-7878 aegis_553 214.772 52.883 0.076 0.075 19.509 40.317 40.701
2243-2138 aegis_352 214.532 52.740 0.067 0.280 19.503 39.626 NaN
2241-13294 aegis_073 214.653 52.546 0.248 0.070 18.985 40.352 41.422
2241-7071 egs_0324 214.226 52.411 0.246 0.25 19.348 41.550 42.067
2243-3917 aegis_262 214.778 52.670 0.197 0.197 18.995 40.595 NaN
2241-7789 egs_0336 214.268 52.415 0.281 0.25 19.505 41.246 42.926
2406-9868 egs_1162 215.559 53.452 0.199 0.195 18.91 40.931 42.217
2470-4691 egs_0072 213.796 51.995 0.286 0.287 18.829 42.144 43.654
2406-5490 aegis_888 215.301 53.106 0.201 0.202 18.571 41.394 41.639
2406-1954 aegis_914 214.958 53.135 0.235 0.236 18.41 41.930 43.476
2243-11625 aegis_696 215.098 52.983 0.203 0.200 18.221 40.085 NaN
2243-12120 aegis_872 214.890 53.089 0.082 0.275 17.317 40.242 40.707
2243-8590 xmmrm_2272 214.542 52.986 0.114 0.112 17.645 41.288 NaN
2243-8838 xmmrm_0875 214.517 52.987 0.112 0.114 17.772 41.164 NaN
2243-6142 aegis_601 214.861 52.921 0.082 0.200 17.449 39.615 NaN
2470-14395 egs_0138 213.941 52.224 0.111 0.197 17.032 40.716 40.883
2406-2047 aegis_895 215.003 53.112 0.201 0.082 17.623 41.028 41.072
2243-11362 aegis_654 215.162 52.958 0.201 0.082 17.616 40.374 41.376
2241-16682 aegis_008 214.595 52.452 0.281 0.104 17.825 41.719 NaN
2243-9363 aegis_541 214.672 52.871 0.107 0.114 17.062 39.961 40.802
2470-10043 egs_0040 213.720 52.098 0.076 0.075 16.711 39.927 40.458
2243-7944 aegis_529 214.793 52.864 0.082 0.108 16.247 40.235 40.782
2241-10911 aegis_296 214.529 52.697 0.066 0.074 16.431 39.676 39.955
2470-10291 egs_0058 213.766 52.056 0.073 0.082 16.192 40.128 40.368
2470-9821 egs_0057 213.765 52.076 0.073 0.071 16.348 40.040 40.206
2243-14829 aegis_819 214.770 53.047 0.082 0.059 15.27 40.887 41.200
2406-5372 aegis_901 215.226 53.118 0.043 0.083 15.171 39.450 NaN
2241-13222 aegis_291 214.410 52.693 0.063 0.068 15.39 40.119 40.100
2241-10941 aegis_293 214.449 52.695 0.066 0.041 15.193 41.232 41.400
JPAS ID: JPAS ID of the object given by TILE-NUMBER in the miniJPAS database
X−ray ID: X-Ray ID of the object obtained from Chandra and XMM surveys.
RA & Dec.: Positions of the sources from the miniJPAS database.
specz: Spectroscopic redshift of the sources obtained from SDSS database.
photoz: Photometric redshift of the sources obtained from miniJPAS database.
rMag: Magnitude of sources in the r-band filter from the miniJPAS database.
log Lx: X-ray luminosity of the objects obtained from Chandra and XMM surveys.
Data used in this work can be accessed from the websites of the respective surveys.
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Fig. B.2. Radial profiles of X-ray AGN and the control sample as shown
in Fig. 11, with the radial profiles of X-ray galaxies without the AGN
subtraction with GALFITM overlaid (dotted green line).
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Fig. B.3. Distribution of reduced χ2 values of the SED fitting from
CIGALE.
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Fig. B.4. Difference in masses obtained from CIGALE with and without
the inclusion of X-ray and AGN modules for the SED fitting of the AGN
sample used in this work. The differences in mass for all the objects are
within the statistical errors of CIGALE.
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Fig. B.5. Scatter plot of ages versus redshift, color-coded by X-ray lu-
minosity. No clear correlation is seen between the ages and X-ray lumi-
nosities of AGN host galaxies.
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