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A B S T R A C T 

We present spax el-by-spax el stellar population fits for the ∼10 000 MaNGA data cubes. We provide multiple extension fits files, 
nominated as MEGACUBES , with maps of several properties as well as emission-line profiles that are provided for each spaxel. 
All the MEGACUBES are available through a web interface ( https://manga.linea.or g.br / or http://www.if.ufr gs.br/ ∼r iffel/software 
/megacubes/). We also defined a final Active Galactic Nuclei (AGN) sample, as well as a control sample matching the AGN 

host galaxy properties. We have analysed the stellar populations and spatially resolved emission-line diagnostic diagrams of 
these AGNs and compared them with the control galaxies sample. We find that the relative fractions of young ( t ≤56 Myr) and 

intermediate-age (100 Myr ≤t ≤ 2 Gyr) show predominantly a positive gradient for both AGNs and controls. The relative fraction 

of intermediate-age stellar population is higher in AGN hosts when compared to the control sample, and this difference becomes 
larger for higher [O III ] luminosity AGNs. We attribute this to the fact that extra gas is available in these more luminous sources 
and that it most likely originates from mass-loss from the intermediate-age stars. The spatially resolved diagnostic diagrams 
reveal that the AGN emission is concentrated in the inner 0.5 R e (ef fecti ve radius) region of the galaxies, showing that the AGN 

classification is aperture dependent and that emission-line ratios have to be taken together with the H α equi v alent width for 
proper activity classification. We present a composite ‘BPT + WHAN’ diagram that produces a more comprehensive mapping of 
the gas excitation. 

K ey words: galaxies: acti ve – galaxies: evolution – galaxies: ISM – galaxies: star formation – galaxies: stellar content. 
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 I N T RO D U C T I O N  

he evolution of the present-day galaxies during cosmic time is the
esult of the transformation of molecular gas into stars, the production
and release) of metals by stellar evolution, and the interaction
mong these processes and their environments (e.g. internal and
xternal processes). All these evolution/transformation processes
eave signatures in the observed properties of galaxies that we can
nalyse and thus reconstruct the galaxies’ star formation histories
SFHs). The study of this fossil record is key to our understanding
f the structure, composition, and evolution of galaxies (e.g. Cid
ernandes et al. 2004 , 2005 ; Conselice 2014 ; S ́anchez 2020 ; Tacconi,
enzel & Sternberg 2020 ; S ́anchez et al. 2021 , and references

herein). 
 E-mail: riffel@ufrgs.br 
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Significant impro v ement in the understanding of galaxy evolution
rocesses has been reached in the last decades, primarily due to
ew results based on large spectroscopic and imaging surv e ys
uch as the Sloan Digital Sky Survey (SDSS; York et al. 2000 ).
hese studies have shown that galaxies can roughly be divided

nto passive and star-forming. The passive galaxies are not forming
or forming at a very low rate) stars and host a red and old
tellar population (e.g. the red-and-dead galaxies), while the star-
orming galaxies are blue, hosting large fractions of young stellar
opulations. Such bi-modal behaviour has been observed in a number
f studies o v er the years (e.g. Kauffmann et al. 2003a ; Baldry
t al. 2004 ; Noeske et al. 2007 ; Brammer et al. 2009 ; Wetzel,
inker & Conroy 2012 ; Muzzin et al. 2013 ; van der Wel et al.
014 ). Ho we ver, so far it is not yet clear which mechanisms are
topping the star formation process and transforming the blue star-
orming spiral galaxies into red-and-dead galaxies, being thus a
ajor challenge in modern astrophysics to understand the nature
© 2023 The Author(s) 
lished by Oxford University Press on behalf of Royal Astronomical Society 
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1 We have discounted the Coma, IC342, M31, and globular cluster targets, 
and cubes with ‘UNUSUAL’ or ‘CRITICAL’ data quality flags, as well as 
repeated observations. 
2 It is worth mentioning that this diagram identify LINERs that would be 
missed by other diagrams (Agostino et al. 2021 ). 
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f the physical mechanisms quenching star formation in galax- 
es. 

One mechanism that a number of studies ha ve inv oked to explain
he suppression of the star-formation in galaxies is the Active Galactic 
uclei (AGN) feedback. It can quench star formation by (re)moving 

nd/or heating the gas. In this context, AGN outflows are considered 
 process that suppresses star-formation (e.g. as ne gativ e feedback, 
ee Fabian 2012 ; King & Pounds 2015 ; Zubovas & Bourne 2017 ;
russler et al. 2020 , and references therein). On the other hand, some
odels and simulations suggest that these outflows and jets can in 

ome cases compress the Galactic gas, and therefore enhance/trigger 
he star-formation (e.g. Rees 1989 ; Hopkins 2012 ; Ishibashi & Fabian
012 ; Nayakshin & Zubovas 2012 ; Zubovas et al. 2013 ; Bieri et al.
016 ; El-Badry et al. 2016 ; Zubovas & Bourne 2017 ; Wang & Loeb
018 ; Gallagher et al. 2019 ; Bessiere & Ramos Almeida 2022 ).
dditionally, cosmological simulations (e.g. Springel et al. 2005 ; 
ogelsberger et al. 2014 ; Crain et al. 2015 ) without the inclusion
f feedback effects effects do not reproduce the galaxies luminosity 
unction, underestimate the ages of the most massive galaxies (see 
gs 8 and 10 of Croton et al. 2006 ) and do provide a limited insight

nto the nature and source of the feedback processes (e.g. AGN or
N dominated Schaye et al. 2015 ). 
To better understand this kind of process it is very important to

tudy the galaxies’ properties in a spatially resolved way so that 
he AGN effects can be probed at different locations in the host
alaxies. This can be done via the use of Integral Field Units (IFUs),
hich allow the study of ionization sources across the galaxies, the 

nterplay among the global/integrated properties of galaxies with 
he local (spatially resolved) ones, and the link between these two 
ypes of relations as well as the spatial (radial) distribution of such
roperties (S ́anchez 2020 ; S ́anchez et al. 2021 ). 
Ho we v er, e xtracting information from IFU data can be complex

Steiner et al. 2009 ), and hence the analysis of such data with
ifferent techniques is desirable. Over the years, our AGNIFS team 

as developed a series of studies analysing IFU data (e.g. Storchi- 
ergmann et al. 2009 , 2012 ; Riffel et al. 2011 , 2017 , 2018 , 2021a ,
 , c , 2022 ; Mallmann et al. 2018 ; Schnorr-M ̈uller et al. 2021 ; Ilha
t al. 2022 ) and methods to analyse this type of data. 

In this paper, we present MEGACUBES (Mallmann et al. 2018 ) with
ur fitting procedures for the ∼ 10 000 data cubes of the Mapping
earby Galaxies at the Apache Point Observatory (MaNGA) survey 

Bundy et al. 2015 ), as well as an analysis of the stellar content of
he final AGN sample and a matched control sample (Rembold et al.
017 ). This paper is structured as follows: in Section 2 we present
he updated samples. The fitting procedures and the MEGACUBES are 
escribed in Section 3 . The results are presented and discussed in
ection 4 and final remarks are made in Section 5 . We have used

hroughout the paper H 0 = 73 km s −1 Mpc −1 (Riess et al. 2022 ). 

 DATA  

he data used here are those provided by the fourth-generation SDSS 

SDSS IV) sub-project Mapping Nearby Galaxies at the Apache Point 
bservatory (MaNGA, Bundy et al. 2015 ). The surv e y has pro vided
ptical IFU spectroscopy (3600–10 400 Å), high quality data, of 
10 010 nearby galaxies (with 〈 z〉 ≈ 0 . 03). The observations were

arried out with fibre bundles of different sizes (19–127 fibres) 
o v ering a field of 12 

′′ 
–32 

′′ 
in diameter. MaNGA observations are

ivided into ‘primary’ and ‘secondary’ targets, the former was 
bserved up to 1.5 ef fecti ve radius ( R e ) while the latter was observed
p to 2 . 5 R e . For more details, see Drory et al. ( 2015 ), Law et al.
 2015 ), and Yan et al. ( 2016a , b ). 
We have fitted the stellar population and emission lines for the
0 010 high quality unique 1 data cubes available in the MaNGA
nal data release (DR17; Gunn et al. 2006 ; Smee et al. 2013 ; Bundy
t al. 2015 ; Drory et al. 2015 ; Law et al. 2015 , 2016 , 2021 ; Yan
t al. 2016a , b ; Blanton et al. 2017 ; Wake et al. 2017 ; Aguado et al.
019 ; Belfiore et al. 2019 ; Cherinka et al. 2019 ; Westfall et al. 2019 ;
bdurro’uf et al. 2022 ). 

.1 AGN and control samples in MaNGA 

n this work, we update and expand the sample of AGN hosts optically
dentified in the MaNGA surv e y by Rembold et al. ( 2017 ). We
ave cross-matched all galaxy data cubes observed in DR17 with 
he SDSS-III spectroscopic data from DR12 (Alam et al. 2015 ).
he fluxes and equi v alent widths (EW) of the emission lines H
, [O III ] λ5007, H α and [N II ] λ6583, measured in the SDSS-III

ntegrated nuclear spectrum, were drawn from Thomas et al. ( 2013 ).
e then classified the galaxies according to the ionizing source of the

as using both the [N II ]-based Baldwin, Phillips & Terlevich ( 1981 ;
PT) diagram 

2 and the WHAN diagram (Cid Fernandes et al. 2010 ),
ollowing Rembold et al. ( 2017 ). A galaxy is confirmed as an optical
GN host if it is located simultaneously in the Se yfert/LINER re gion
f both the BPT and the WHAN diagrams. We refer to Rembold
t al. ( 2017 ) for more details on the selection of AGN hosts. This
ethodology results in 298 confirmed optical AGN hosts in MaNGA. 
As in Rembold et al. ( 2017 ), we have defined a sample of non-

ctive control galaxies comparable to the AGN hosts in terms of
edshift, stellar mass, and morphology. We selected from DR17, 
s potential control galaxies, those presenting or not detectable 
mission lines in their SDSS-III fibre spectra, except those already 
lassified as AGN hosts (see abo v e). Besides the objects lacking
etectable emission lines altogether, potential control galaxies are 
hose located, within the uncertainties, in the star-forming region 
f the BPT diagram, or in other regions of the BPT diagram if the
HAN diagram discards ionization from an AGN. These comprise 

herefore objects ionized by young stars or by hot, low-mass evolved
tars (HOLMES). For each AGN host, we then select a preliminary
ubsample of galaxies from the list of potential control objects that
atch their redshifts and stellar masses at de viations lo wer than

0 per cent deviation. Such preliminary galaxies (typically a couple 
undred for each AGN host) were then visually inspected, and the
wo objects that best match the morphology and axial ratio of the
GN host were selected as their control ‘partners’. F or fiv e AGN
osts (MaNGA id 1–37440, 1–189584, 31–115, 1–641156, and 1–
00461), no control ‘partners’ were selected, either because their 
edshifts are too close to the redshift limits of the MaNGA surv e y
e.g. 1–189584 at z = 0.0037) or because their morphologies are not
eproduced by other objects in the surv e y (e.g. 1–641156). 

Our final sample is therefore composed of 293 AGN hosts paired
ith two non-active control galaxies each. The control sample 

omprises 492 unique objects, less than the expected 586, due to
ultiple occurrences of the same control galaxy as control ‘partners’ 

f more than one AGN host. Tables 1 and 2 list rele v ant parameters
f the AGN hosts and control galaxies respectively. 
MNRAS 524, 5640–5657 (2023) 
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Table 1. Parameters of AGN in MaNGA-DR17. (1) Galaxy identification in the MaNGA surv e y; (2) and (3): RA/DEC (2000) in degrees; 
(4) spectroscopic redshift from SDSS-III; (5): integratedabsolute r -band magnitude from SDSS-III; (6): logarithmic stellar mass in units 
of M �; (7) and (8) morphological classification in the Hubble scheme and numerical T-Type from V ́azquez-Mata et al. ( 2022 ); and (9): [O 

III ] luminosity in units of 10 40 erg s −1 . We only present here the first six lines of this table; the full version is available with the electronic 
version of the paper. 

mangaID RA DEC z M r log M 

� / M � Type T-Type L ( [O III] ) 
(1) (2) (3) (4) (5) (6) (7) (8) (9) 

1–558912 166 .129410 42.624554 0.1261 −20.46 11 .25 E −5 56.82 ± 1.25 
1–150947 183 .263992 51.648598 0.0849 −20.23 10 .96 Sb 3 53.82 ± 1.75 
1–39376 11 .999101 13.742678 0.0567 −19.76 10 .92 SBb 3 43.88 ± 0.65 
1–295542 246 .255981 24.263155 0.0503 −19.34 10 .73 Edc −5 39.10 ± 0.87 
1–458092 203 .190094 26.580376 0.0470 −18.08 9 .64 E −5 35.30 ± 1.04 
1–211165 248 .628647 37.695442 0.0991 −21.04 11 .24 S0 −2 33.83 ± 0.57 

Table 2. Control sample parameters. (1) Identification of the AGN host associated with the control galaxy; (2) −(10) same as (1) −(9) of Table 1 for the control 
sample. We only present here the first 12 lines of this table; the full version is available with the electronic version of the paper. 

AGN mangaID mangaID RA DEC z M r log M 

� / M � Type T-Type L ( [O III] ) 
(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) 

1–558912 1–71481 117 .456001 34 .883911 0.1312 −20.95 11 .70 E −5 0.10 ± 0.20 
1–72928 127 .256485 45 .016773 0.1270 −20.62 11 .52 E −5 0.09 ± 0.23 

1–150947 1–338555 114 .374146 41 .737232 0.0893 −17.42 8 .99 E −5 2.05 ± 0.39 
1–248214 240 .347031 43 .085041 0.0600 −19.80 10 .97 Edc −5 0.41 ± 0.14 

1–39376 1–285052 199 .061493 47 .599365 0.0573 −19.77 10 .85 SBab 2 0.11 ± 0.03 
1–283662 191 .217728 42 .422195 0.0536 −19.27 10 .66 SB0a 0 0.00 ± 0.00 

1–295542 1–94228 248 .018265 47 .764759 0.0494 −19.19 10 .58 Sa 1 0.30 ± 0.06 
1–92774 243 .407715 49 .069408 0.0552 −19.28 10 .75 Edc −5 0.39 ± 0.23 

1–458092 1–38319 51 .609463 − 0 .311706 0.0376 −17.24 9 .76 Edc −5 0.00 ± 0.00 
1–323888 245 .686630 32 .659161 0.0410 −18.64 9 .54 S0 −2 11.66 ± 0.31 

1–211165 1–55272 146 .661270 2 .658917 0.0933 −20.90 11 .49 S0 −2 1.24 ± 0.27 
1–262966 229 .138367 32 .243935 0.0913 −20.79 11 .22 Edc −5 0.16 ± 0.16 
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As a verification of the quality of the control sample selection
rocess, we confirmed using the Kolmogoro v–Smirno v test that
he distributions of stellar mass and redshift are indistinguishable
etween AGN hosts and control galaxies. We show the distribution
f redshift, stellar mass, stellar velocity dispersion, and [O III ] lumi-
osity in Fig. 1 . Also, according to the Galaxy Zoo project (Lintott
t al. 2011 ), 32 per cent, 60 per cent, and 5 per cent of our AGN
osts are elliptical, spiral, and merging galaxies, respectively. This
orphological distribution is well-matched by the control sample,

omprised of 35 per cent, 61 per cent, and 2 per cent of elliptical,
piral, and merging galaxies, respectiv ely. We hav e also compared
he numerical T-Type between AGN hosts and control galaxies from
 ́azquez-Mata et al. ( 2022 ) and found that both distributions are very

imilar (and indistinguishable as verified using the Kolmogorov–
mirno v test). F or more details on the control sample selection see
embold et al. ( 2017 ). 

 FITTING  PROCEDURES  

.1 Stellar population 

n this section, we describe the procedures adopted in the stellar
opulation fits. 

.1.1 Starlight 

o perform a full spectral fitting stellar population synthesis on our
ata cubes we employed the STARLIGHT code (Cid Fernandes et al.
NRAS 524, 5640–5657 (2023) 
005 ; Cid Fernandes 2018 ), which combines the spectra of a base of
lements of N � simple stellar population (SSP) template spectra b j , λ,
eighted in different proportions, in order to reproduce the observed

pectrum O λ. For this modelling, the observed and modelled spectra
 λ are normalized at a user-defined wavelength λ0 . The reddening

s given by the term r λ = 10 −0 . 4( A λ−A λ0 ) , weighted by the population
ector x j (which represents the fractional contribution of the j th SSP
o the light at the normalization wavelength λ0 ), and convolved with
 Gaussian distribution G ( v � , σ � ) to account for velocity shifts v � ,
nd velocity dispersion σ � . Each model spectra can be expressed as: 

 λ = M λ0 

[ 

N � ∑ 

n = 1 

x j b j,λ r λ

] 

⊗ G ( v � , σ� ) , (1) 

here M λ0 is the flux of the synthetic spectrum at the wavelength
0 . To find the best parameters for the fit, the code searches for the
inimum of χ2 = 

∑ λf 

λi 
[( O λ − M λ) ω λ] 2 , where ω λ is the inverse of

he error, using a simulated annealing plus Metropolis scheme. 
The base of elements we use is the GM described in Cid Fernandes

t al. ( 2013 , 2014 ) that is constructed using the MILES (Vazdekis et al.
010 ) and Gonz ́alez Delgado et al. ( 2005 ) models. We have updated
t with the MILES V11 models (Vazdekis et al. 2016 ). We used 21
ges ( t = 0.001, 0.006, 0.010, 0.014, 0.020, 0.032, 0.056, 0.1, 0.2,
.316, 0.398, 0.501, 0.631, 0.708, 0.794, 0.891, 1.0, 2.0, 5.01, 8.91,
nd 12.6 Gyr) and four metallicities (Z = 0.19, 0.40, 1.00, and 1.66
 �). Following Cid Fernandes et al. ( 2004 ), we have also added to

he base of elements a power law of the form F ν∝ ν−1.5 to account
or the contribution of a possible AGN featureless continuum (FC),
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Figure 1. Distributions of redshift, stellar mass, stellar velocity dispersion, and [O III ] luminosity of the AGN host sample (blue) and the control sample 
(orange). These properties are from SDSS single fibre observations. The AGN and the control sample present markedly different distributions of L([O III ]), 
which is expected (see Rembold et al. 2017 , for a discussion), but have other parameters similar between the two samples. 
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bserved directly or as scattered light (see also Koski 1978 ; Cid
ernandes et al. 2005 ; Riffel et al. 2009 , 2021a , 2022 ; Martins et al.
013 , for discussion on the FC contribution). It is worth mentioning
hat FC is only considered in the light fractions being remo v ed from
he calculations of stellar properties (e.g. mean ages and metallicities; 
ee Section 3.1.3 ). 

Finally, the normalization flux at λ0 was adopted to be the mean 
alue between 5650 and 5750 Å. The reddening law we used was
hat of Cardelli, Clayton & Mathis ( 1989 ) and the synthesis was
erformed in the spectral range from 3700 to 6900 Å. 

.1.2 Urutau 

TARLIGHT is not developed to work with data cubes or fits files,
herefore we hav e dev eloped an in house software: URUTAU . It
as developed in Python to handle input and output data from
ultiple sources via a modular pipeline e x ecution. The modules of

he pipeline can be swapped depending on the user case (such as data
ube extraction method, spectral fitting software, desired scientific 
esult, and so on). URUTAU was also planned with parallel processing 
apability in order to e x ecute man y instances of a closed source
 x ecutable (such as STARLIGHT ) for different sets of data. The code
s available at: https:// github.com/ndmallmann/ urutau . 

.1.3 Stellar population MEGACUBE modules 

o impro v e the management of the STARLIGHT inputs and outputs,
he organization of the results and the analysis, we developed a series
f modules to run under URUTAU and appended the data-products to 
he original data cube. These modules are as follows: 

(a) LIBMANGA : this library is used to prepare and convert the
aNGA data cubes to the format expected by STARLIGHT . The main

teps are as follows (Mallmann et al. 2018 ): 

(i) Filtering of the data cubes using a two-dimensional butterworth 
lter to remo v e spurious data and increase the signal-to-noise ratio
SNR). It does not require any addition of adjacent spaxel, thus
llowing to a better exploration of the spatial resolution. A better 
escription of this technique can be found in Riffel et al. ( 2016 ); 
(ii) Correct each spaxel for Galactic reddening using the Schlegel, 

inkbeiner & Davis ( 1998 ) extinction maps and the Cardelli et al.
 1989 ) reddening law; 

(iii) Correct for redshift using the SDSS-III redshift values avail- 
ble in the drpall tables of the MaNGA data base; 

(iv) Estimation of the SNR maps in the wavelength range 5650–
750 Å for ev ery spax el. We pro vide masks with cuts of SNR values
f 3, 5, and 10, as well as the SNR map. We have performed our fits
or spaxels with SNR ≥ 1. Note, ho we ver, that any cutof f in SNR
arger than 1 can be applied by the user since we provide the SNR

aps. 

(b) LIBSTARLIGHTCALLER: this module is used to actually run 
TARLIGHT with the configuration listed in Section 3.1.1 . In other
ords, it sets up all the configuration files needed for the fits and

uns STARLIGHT for each individual spaxel. 
(c) LIBCREATEMEGACUBE: with this function we derive additional 

arameters like: mean ages and metallicities, star formation rates, 
nd binned population vectors from the starlight output as follows: 

(i) Binned population vectors: since small differences in ages are 
 ashed aw ay due to noise effects, one coarser, b ut more rob ust way is

o define binned population vectors (e.g. Cid Fernandes et al. 2005 ;
iffel et al. 2009 ). We included in our MEGACUBES the following
inned population vectors (where y = young, i = intermediate, and
 = old): 

(a) FC1.50: the per cent contribution (at λ0 ) of a featureless 
component of the form F ν ∼ ν−1.5 ; 

(b) xyy light (mass): light (mass) binned population vector 
in the age range t ≤ 10 Myr; 

(c) xyo light (mass): light (mass) binned population vector 
in the age range 14 Myr < t ≤ 56 Myr; 

(d) xiy light (mass): light (mass) binned population vector in 
the age range 100 Myr < t ≤ 500 Myr; 

(e) xii light (mass): light (mass) binned population vector in 
the age range 630 Myr < t ≤ 800 Myr; 

(f) xio light (mass): light (mass) binned population vector in 
the age range 890 Myr < t ≤ 2.0 Gyr; 

(g) xo light (mass): light (mass) binned population vector in 
the age range 5.0 Gyr < t ≤ 13 Gyr; 

(ii) Star formation rates via stellar population fit: the star for- 
ation rate obtained from the stellar population fit ( SFR � ) o v er an

ser-defined age interval ( 
t = t j f − t j i ) is also computed in this
odule. This can be computed since the SSPs model spectra are

n units of L � Å−1 M 

−1 
� , and the observed spectra ( O λ) are in units

f erg / s / cm 

2 / Å. The SFR � o v er the chosen 
 t can be computed
ssuming that the mass of each base component ( j ), which has been
rocessed into stars can be obtained as: 

 

ini 
�,j = μini 

j × 4 πd 2 

3 . 826 × 10 33 
, (2) 

here M 

ini 
�,j is given in M �, μini 

j is associated with the mass that
as been converted into stars for the j th element and its flux. This
MNRAS 524, 5640–5657 (2023) 

https://github.com/ndmallmann/urutau
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3 https://github.com/danielrd6/ifscube 
4 No changes in the activity classification are found when a broad component 
is included since, even in cases where a broad component is evident, the line 
fluxes are well-represented by a single component. For completeness, we 
ha ve made a vailable the MEGACUBES for these sources with and without the 
broad component. 
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arameter is given in M � ergs −1 cm 

−2 ; d is the luminosity distance to
he galaxy in cm and 3.826 × 10 33 is the Sun’s luminosity in erg s −1 .
hus, the SFR o v er the 
 t as defined abo v e can be obtained from the
quation: 

FR � = 

∑ j f 
j i 

M 

ini 
�,j 


t 
. (3) 

or more details see Riffel et al. ( 2021a ). Here, we computed the
FR � o v er the last ( 
 t ) 1 Myr, 5.6 Myr, 10 Myr, 14 Myr, 20 Myr,
2 Myr, 56 Myr, 100 Myr, and 200 Myr (they were labelled as SFR 1,
FR 5, SFR 10, SFR 14, SFR 20, SFR 30, SFR 56, SFR 100, and
FR 200, respectively). 
(iii) Mean a g es and metallicities: following Cid Fernandes et al.

 2005 ), we have computed the mean ages (the logarithm of the age,
ctually) for each spaxel weighted by the stellar light 

 log t � 〉 L = 

N � ∑ 

j= 1 

x j log t j , (4) 

nd weighted by the stellar mass, 

 log t � 〉 M 

= 

N � ∑ 

j= 1 

μj log t j . (5) 

he light-weighted mean metallicity is defined as 

 Z � 〉 L = 

N � ∑ 

j= 1 

x j Z j , (6) 

nd the mass-weighted mean metallicity is defined by: 

 Z � 〉 M 

= 

N � ∑ 

j= 1 

μj Z j . (7) 

ote that both definitions are limited by the age and metallicities
ange used in our elements base. They are presented under the

a g e L , Ma g e M , MZ L , and MZ M k eyw ords. 
(iv) Additional parameters: we also present a set of additional

tting parameters that are included in the MEGACUBES , such as optical
xtinction (Av), the present mass in stars (M ∗), masses processed in
tars (M ∗in), normalization flux (F Norm), stellar dispersion velocity
Sigma star), stellar rotation velocity (vrot star), percentage mean
e viation (Ade v), reduced χ2 (ChiSqrt), and SNR on normalization
indow. 

The final product after the procedures described abo v e is a
omplete set of Flexible Image Transport System ( FITS ) files for
he entire MaNGA sample; this constitutes what we refer to as

EGACUBES . The results obtained after our fitting are appended
s multiple extensions into the original MaNGA data cubes. The
dditional extensions added are as follows: 

(i) BaseAgeMetal: the ages and metallicities of the SSPs used in
he base of elements. 

(ii) PopBins: in this extension, we store the synthesis parameters
irectly computed by STARLIGHT as well as properties derived in the
IBCREATEMEGACUBE module (see Section 3.1.3 ). 

(iii) PoPVecsL (M): original (e.g. not binned) population vectors
n light fractions (mass fractions). 

The STARLIGHT output observed flux (FLXOBS), synthetic flux
FLXSYN), and weights (WEIGHT), as well as continuum SNR
asks, are also stored on the MEGACUBES . 
NRAS 524, 5640–5657 (2023) 
.2 Emission line fitting 

ur MEGACUBE s, by construction, include absorption-free emission-
ine data cubes. We have used these data cubes to fit the most
ommon emission lines in the optical region. To this purpose we
se the IFSCUBE 3 Python package (Ruschel-Dutra 2020 ; Ruschel-
utra et al. 2021 ) to fit the profiles of the most prominent emission-

ine, namely: H β, [O III ] λλ4959,5007, He I λ5876, [O I ] λ6300, H
[N II ] λλ6548,6583, and [S II ] λλ6716,6731. The line profiles are

tted with Gaussian curves by adopting the following constraints:
i) the width and centroid velocities of emission lines from the same
arent ion are constrained to the same value, just He I λ5876 and
O I ] λ6300 are kept free during the fit; (ii) the [O III ] λ5007/ λ4959
nd [N II ] λ6583/ λ6548 flux ratios are fixed to their theoretical values
f 2.98 and 3.06, respectively; (iii) the centroid velocity is allowed to
ary from –300 to 300 km s −1 for [S II ] lines and –350 to 350 km s −1 

or the other lines relative to the velocity obtained from the redshift of
ach galaxy (listed in the MaNGA Data Analysis Pipeline—DAP);
nd (iv) the observed velocity dispersion of all lines is limited to the
ange 40–300 km s −1 . In a few sources, better fits of the observed
rofiles are obtained when including a broad component for H α and
 β4 In addition, we include a first-order polynomial to reproduce

he local continuum. 
Instead of relying on the minimization of a residual function, kine-
atic constraints were enforced by construction, as each emission

ine in the same kinematic group inherits the same exact parameter
or line width and centroid velocity, see Ruschel-Dutra et al. ( 2021 )
or additional details. Additionally, all the lines have been fitted with
 single Gaussian. This approach has the advantage of reducing the
umber of free parameters that are perceived by the fitting algorithm.
The output of IFSCube is in the form of a Multi-Extension FITS file

MEF), with each extension storing a different result from the fitting
rocess, a copy of the input, or software-specific parameters for later
eference. The first four extensions are in the same shape of the input
ata, ‘FITSPEC’ representing the observed spectra (restricted to the
equested wavelength window), the result of the pseudo-continuum
t is in ‘FITCONT’, ‘STELLAR’ stores the given stellar spectra
nd ‘MODEL’ stores the modelled emission spectrum. If no stellar
pectra were given as input, the corresponding extension is filled
ith zeros. 
Next there is the ‘SOLUTION’ extension, which stores the best

arameters for all the emission lines considered, and also the reduced
hi-squared of the model as a whole. The shape is that of the input
ata for the spatial part, with each parameter occupying a different
lane. For instance, if three Gaussian curves were fit to a 50 × 50
ata cube, then there should be nine independent parameters for the
hole model, and another plane for the chi-squared, resulting in a
0 × 50 × 10 array. 
The initial guess for each parameter is stored in the ‘INIGUESS’

xtension, also in the form of a three-dimensional array, with a set
f parameters for each spaxel. This is useful only when using the
ption to update the initial guess based on results from previous
paxels. Extensions 7–10 (‘FLUX D’, ‘FLUX M’, ‘EQW M’, and
EQW D’) store the fluxes and EWs of each line, using two different
pproaches. The first one is a direct trapezoidal integration of the ob-
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erved spectra, minus the stellar component and pseudo-continuum, 
hile the second is an integration over the modelled emission line. 
he final status of each spaxel is specified by an integer code and
tored in the ‘STATUS’ extension. A bi-dimensional mask, which 
ombines both the input mask and IFSCube’s internal assessment of 
he spaxel quality, is stored in the extension ‘MASK2D’. 

The last three extensions are tables, as opposed to all the previous
nes which consist of images. Extension ‘SPECIDX’ stores the 
equence in which the spaxels were processed. Parameter names 
n the exact order that they apper in the ‘SOLUTION’ extension are
pecified by the table in the ‘PARNAMES’ extension. Finally, the 
FITCONFIG’ extensions keeps a copy of the input configuration. 

All these extensions regarding the emission line fitting have been 
ppended to the MEGACUBES . 

 RESULTS  A N D  DISCUSSION  

.1 MEGACUBES 

s described in the previous sections we have fitted the stellar
opulation and derived their properties for ∼ 10 000 galaxies, being 
hus the main purpose of this paper to make available for the
ommunity, in an easy-to-use way, the maps of the stellar population 
nd emission lines of all spaxels on the ∼10 000 MaNGA data cubes.
his final product is what we call MEGACUBES . 
In order to facilitate the inspection of the large number of

roperties that can be derived from the analysis of the spectra 
vailable in the IFU data cube, a customized viewer was devel- 
ped in collaboration with LIneA’s IT team. All the MEGACUBES 

re available through a web interface ( https://manga.linea.or g.br /
r http:// www.if.ufrgs.br/ ∼riffel/ software/megacubes/ ), where each 
ne of them can be downloaded and/or inspected via a number of
ifferent plots, which can be interacted with. Additionally, we do 
lso provide a table with the mean or integrated values (integrated 
or M � and emission-line fluxes) of the circularized maps for
any properties for all the galaxies for different radial values as

ollows 5 : R INT 0 = R < 0 . 5 R e ; R INT 1 = 0 . 5 R e ≤ R < 1 . 0 R e ;
 INT 2 = 1 . 0 R e ≤ R < 1 . 5 R e ; R INT 3 = 1 . 5 R e ≤ R < 2 . 0 R e ;
 INT 4 = R < 0 . 5 kpc ; R INT 5 = 0 . 5 kpc ≤ R < 1 . 0 kpc ; R INT 6 =
 . 0 kpc ≤ R < 2 . 0 kpc ; R INT 7 = 2 . 0 kpc ≤ R < 5 . 0 kpc , and R INT 8
 5 . 0 kpc ≤ R < 10 . 0 kpc . These mean/integrated properties have

een derived considering the values where the continuum SNR ≥
0 ( SN MASKS 10 ) and, for the emission-line related properties we
ave considered an additional threshold of ≥ 3 σ detection. 
As a highlight of the science that can be done with these

EGACUBES , we analyse here the stellar populations and the spatially 
esolved emission-line diagnostic diagrams of the final set of AGNs 
n the MaNGA surv e y and compare them with the results obtained
or the control sample we have described in Section 2.1 . 

.2 Mapping the stellar populations in MaNGA AGNs 

he MEGACUBES have a large number of output parameters, but here 
e are mostly interested in x j —the fractional contribution of each 
 We call attention to the equi v alent width v alues since they are the mean 
alue of the different strengths measured o v er the field. They should be taken 
s an upper limit: spaxels containing emission lines below the detectability 
imit contribute only to the continuum, thus reducing the total line flux, while 
n an integrated spectrum over the same field these ‘spaxels’ contribute also 
o the line flux. 

s  

l
c
l  

a  

F  

s  

T  

23
SP to the total light at λnorm —as they represent the SFH of the
alaxy. Following Mallmann et al. ( 2018 ), we show example maps
f these parameters, together with the mean age and the reddening
aps in Fig. 2 (late-type AGN) and Fig. 3 (early-type AGN). It is
orth mentioning that we have changed the methodology applied in 
allmann et al. ( 2018 ) for the computation of the profiles using a

ircularized deprojection o v er the entire FoV, instead of only a region
long the major axis of the galaxies as in Mallmann et al. ( 2018 ). 

.2.1 2D maps analysis 

n order to show in a qualitative way how the different stellar
opulation components are distributed along the F oV we hav e
onstructed RGB images (Figs 2 and 3 ) of the galaxies that were
reated by assigning three colours (red, green, and blue) to the binned
opulation vectors: red represents the old (xo: 5 Gyr < t ≤ 13 Gyr),
reen the intermediate age (xiy + xii + xio = xi: 100 Myr < t ≤
 Gyr), and blue the young (xyy + xyo = xy: t ≤ 56Myr) stellar
opulations (see Section 3.1.3 for the age bin definitions). We also
how (left-hand side) the maps for the mean properties and the radial
rofiles (right-hand side) of these properties. In addition, we show 

he mean gradient values in three different radial steps (0.0–0.5R e ,
.5–1.0R e , and 0.0–1.0 R e ). These gradients have been computed
y linear regression over the points within the radial steps and the
alues quoted are the angular coefficients for the AGN and for the
wo controls galaxies. 

From this e x ercise, one can see that the old population is more
entrally concentrated in the late-type sources, while the gradient 
s shallower in the early-type ones, but in both cases, a decreasing
alue is observed with increasing radius. In addition, both types show
ignificant contributions of the intermediate age with an outwards 
ncreasing gradient, while the young component is distributed along 
he full FoV. This behaviour is seen for almost all sources in our
ample (see supplementary material for the figures for the other 
alaxies). 

.2.2 Gradients 

he quantitative comparison of individual sources is very difficult, 
nd therefore we show the general behaviour of the stellar population
arameters along the galaxies and the comparison between AGN 

nd controls. We show their variations with radii and with [O III ]
uminosity from Figs 4 to 8 . The L([O III ]) bins where taken from
embold et al. ( 2017 ). We have also separated the sample into early-
nd late-type galaxies. The Hubble types were taken from V ́azquez-
ata et al. ( 2022 ) and are listed in T able 1 . W e have classified the

ources with the parameter T-TYPE ≤ 2 as early-type and with 2 <
-TYPE < 10 as late-type, while objects with T-TYPE ≥ 10 were
lassified as Irregular and are not used in our analysis. 

What clearly emerges from this choice is that for the younger
ges ( t < 56 Myr) no differences are detected when comparing
GNs hosts and control galaxies. Ho we ver, when focusing on R
 0.5 R e the values for this component seem to be biased towards a

light increase on the mean values for AGN hosts with higher [O III ]
uminosity, when compared to their corresponding control galaxy 
ounterparts. In addition, this component’s contribution is generally 
ow ( � 10 per cent) with the possible difference between AGNs
nd controls being around 2 per cent and within the uncertainties.
or the less luminous AGNs a positive gradient is seen, while a
lightly ne gativ e gradient is seen for the higher luminosity ones.
his suggests that the more luminous AGNs may be facing a
MNRAS 524, 5640–5657 (2023) 

https://manga.linea.org.br/
http://www.if.ufrgs.br/~riffel/software/megacubes/
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M

Figure 2. Comparison of the stellar population properties between a late-type AGN and its controls. Left-hand side panels—top set of panels: SDSS image (the 
MaNGA field is indicated in magenta). Second row: RGB image using a composition of the binned population vectors [blue: young (xyy + xyo = xy); green: 
intermediate age (xiy + xii + xio = xi); red: old (xo)]. Bottom set of panels: from top to bottom: visual extinction ( A V ), X Y , X I , X O and mean age ( < t > ) maps. 
For display purposes, we used tick marks separated by 5 

′′ 
. The solid horizontal line in the A V maps represents 1 R e . Right-hand side panels —top: summary table 

with the mean gradient values for each property in three different R e ranges. Bottom: average radial profiles for AGN hosts (red) and control galaxies (blue and 
green). The units of these profiles are the same as in the maps on the left-hand side. The shaded area represents 1 σ standard deviation. This figure is similar to 
those of Mallmann et al. ( 2018 ), but the profiles presented here have been calculated using new circularized deprojected maps. 
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Figure 3. Same as Fig. 2 but for an early-type AGN and its control galaxies. 

r
w  

a  

e  

h  

b  

I  

i
v  

6 We attribute the increase in the value of FC with R, for both AGNs and 
controls, as due to an increase of the noise in the spaxels, such that the 
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ejuvenation when compared with the less luminous ones. Ho we ver, 
e call attention to the fact that a reddened young SP can mimic

n AGN FC component (see Cid Fernandes et al. 2004 , 2005 ; Riffel
t al. 2009 , 2022 , for more details), thus, this young component
as to be analysed together whit the FC. In Fig. 5 , we show the
ehaviour of the FC component as a function of R and L([O III ]).
n general, the values are very small ( � 5 per cent), and slightly
 a
ncrease outwards. 6 For the two higher luminosity bins a higher 
alue for FC (of ∼10 per cent) is seen for R < 0.5 R e , and it
MNRAS 524, 5640–5657 (2023) 

bsorption features are washed away and the FC component becomes hardly 
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M

Figure 4. Comparison of the per cent contribution to the light at λ0 = 5700 Å between AGN (blue) and controls (orange) of the young stellar population (xyy + 

xyo; t ≤ 56 Myr) per cent contribution (in light fractions) for five different luminosity bins (right-hand side: 39–39.75, 39.75–40.25, 40.25–40.75, 40.75–41.25, 
and 41.25–42.0) as a function of the radius expressed in units of R e . The second and third columns show also the grouping of the galaxies in early and late-type 
hosts. 
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ecomes quite different than the contributions found for the control
ample ( ∼2 per cent), which we interpret as due to a true AGN
C contribution, while for the remaining luminosity bins and for

arger radii we interpret it as due to a reddened young stellar
opulation. 
From Fig. 6 it is clear that there is a significant difference for the

ntermediate age (100 Myr < t ≤ 2 Gyr) population between AGN
osts and control galaxies. This difference increases with luminosity
nd is seen for both early and late-type galaxies. Also, a positive
radient is seen with the contribution of the intermediate population
ncreasing outwards. 

When looking at the old component ( t ≥ 5 Gyr), a clear difference
etween the AGN hosts and their controls is seen, becoming more
vident for higher luminosities. A slightly steeper gradient, with the
raction of the old population decreasing with R, is seen in the case
f AGN hosts when compared with controls. 
The abo v e results can be summarized when we looking how the

ight-weighed mean age ( < t > L , Fig. 8 ) changes with R. What
ecomes clear when looking for R � 0.5 R e , is that AGN hosts
ecome younger as the AGN luminosity increases (for both, Early
nd Late-type sources), but, the mean ages are smaller for AGN hosts
 v er R values up to 1.75 R e , indicating that the stellar population of
he host galaxies is affected by the nuclear activity. In addition,
 ne gativ e gradient of < t > L with radius is also found, with a
attening for higher AGN [O III ] luminosities. 
NRAS 524, 5640–5657 (2023) 

istinguishable from the underlying stellar continuum (see Cid Fernandes 
t al. 2014 ; Cid Fernandes 2018 , and references). 

t  

c  

e  
As can be seen from Figs 4 to 8 , in general, we observe that the
raction of young and intermediate-age stellar populations increases
ith the radius, while in the case of the old population, it decreases.
hese findings are in agreement with previous results (e.g. S ́anchez
t al. 2013 , 2021 ; Ibarra-Medel et al. 2016 ; Goddard et al. 2017 ;
allmann et al. 2018 , and references therein). Our results are similar

o the results we have obtained for the first 62 AGNs observed by
aNGA (Mallmann et al. 2018 ). When looking at controls and
GNs, separated between early- and late-type sources, the sense of
ur gradients are opposed to those found by Goddard et al. ( 2017 ).
or early-types, we deri ve negati ve gradients while theirs are slightly
ositive. The results presented here are in full agreement with those
y Ibarra-Medel et al. ( 2016 ), who found that the radial stellar mass
rowth histories of early-type galaxies increase outward, though with
 trend much less pronounced than that of their late-type galaxies. The
ecreasing gradient we observed for the old component suggests that
he relative contribution of the more recent star formation increases
oing outward. Both, early and late-type sources present a significant
ontribution of the intermediate ( ∼20/40 per cent for early/late,
espectively, for R < 0.5 R e , in light fractions) and young populations
 ∼5/7 per cent for early/late, respectively, for R < 0.5 R e , in light
ractions). This indicates that even in early-type sources residual
tar-formation is taking place, suggesting that the galaxies are facing
 rejuvenation process (e.g. Mallmann et al. 2018 ; Mart ́ın-Navarro,
hankar & Mezcua 2022 ) or still forming stars with the gas that

he y hav e still available (e.g. the y hav e not finished their SF o v er
osmic time, see Eales et al. 2017 ; Dimauro et al. 2022 ; Paspaliaris
t al. 2023 , and references), thus they are in fact (predominantly)
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Figure 5. The same as in Fig. 4 but for the FC component. 

Figure 6. The same as in Fig. 4 but for the intermediate age stellar population (xiy + xii + xio; 100 Myr < t ≤ 2 Gyr) component. 
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M

Figure 7. The same as in Fig. 4 but for the xo (5 Gyr < t ≤ 13 Gyr) stellar population component. 

Figure 8. Light-weighted mean age versus radius. The labels are the same as in Fig. 4 . 
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Figure 9. Light-weighted mean metallicity versus radius. The labels are the same as in Fig. 4 . 
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7 This is in full agreement with the findings of S ́anchez ( 2020 ), since the 
AGN luminosity can be taken as a proxy for the galaxy mass (thus the control 
galaxies for the most luminous AGNs would be more massive). 
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ed and not dead sources (Salvador-Rusi ̃ nol et al. 2020 , 2021 ; de
orenzo-C ́aceres et al. 2020 ; Benedetti et al. 2023 ). 

.2.3 Dependence on the AGN luminosity 

n the case of the most luminous AGNs [log(L[O III ]:41.25–42.00)], 
he young population contribution seems to rise to higher values for
o wer radii v alues. We interpret this as the fact that these AGNs are
eceiving an extra supply of gas and thus are more luminous. In
act, as shown in Riffel et al. ( 2022 ) using high angular resolution
bservations, found that the inner region of the AGNs is dominated 
y an intermediate age population ( < t > L � 1.5 Gyr) and that
 correlation between the bolometric luminosity of AGNs with the 
ean age of their stellar populations is observed in the sense that

he more luminous AGNs have larger amounts of intermediate-age 
tars. This correlation was interpreted as due to a delay between 
he formation of new stars and the triggering/feeding of the AGN. 
hese intermediate-age stars do provide (via mass loss through stellar 
volution) an extra amount of gas that will reach the supermassive 
lack hole (SMBH). Such gas has a low velocity (a few hundred
m s −1 ) and is accreted together with the gas that is already flowing
owards the central region of the host galaxy (e.g. Cuadra et al.
006 ; Hopkins 2012 ; Storchi-Bergmann & Schnorr-M ̈uller 2019 ). 
n fact, young to intermediate-age populations are detected in the 
nner region of galaxies (e.g. Davies et al. 2005 ; Dottori et al. 2005 ;
if fel et al. 2007 , 2015 ; Salv ador-Rusi ̃ nol et al. 2020 , 2021 ; de
orenzo-C ́aceres et al. 2020 ). Such population is dominated by short-

ived stars ( t  0.2–2 Gyr; M  2 − 6 M �) who do eject a significant
mount of material to the nuclear environment. This recycled material 
an cool down forming new stars (e.g. Salvador-Rusi ̃ nol et al. 2020 ,
021 ; de Lorenzo-C ́aceres et al. 2020 ; Benedetti et al. 2023 ) and/or
uel the SMBH with an extra amount of gas, making the AGN brighter 
r triggering it. This would explain the fact that the most luminous
GNs in our sample do show larger fractions of this intermediate-age 
opulation when compared with their control sources. 

.2.4 The stellar metallicity 

n Fig. 9, we show the mean stellar metalicity. Overall, the trend for
oth the AGN hosts and control galaxies shows a decreasing gradient
ith increasing radius. A similar behaviour is found by Goddard et al.

 2017 ) and S ́anchez ( 2020 ), who found a ne gativ e gradient for the
tellar metallicity for high mass galaxies and positive for low mass
nes. For our sample, when all sources are taken together (e.g. left-
and side pannel) the most luminous AGN hosts show a slightly
hallower gradient when compared with the controls. 7 Additionally, 
or regions R < 0.5 R e the AGN hosts metallicity is biased towards
o wer v alues when compared with the control galaxies and larger
adii values. In fact, this is in agreement with the finding of do
ascimento et al. ( 2022 ) who derive the gas metallicity (traced by

he O/H abundance) of 108 Seyfert galaxies from MaNGA, and found 
hat the inner regions of these galaxies display lower abundances than
heir outer regions. Additionally, Armah et al. ( 2023 ) have shown
hat the more luminous Seyfert galaxies have lower gas metalicities. 
o we ver, these results cannot be straightforward compared since 

he gas metallicity is a recent picture of the chemical evolution of
he galaxies, while the mean stellar metalicity is a mean o v er the
alaxies’ lifetime (e.g. the mean o v er all the stellar generations).
MNRAS 524, 5640–5657 (2023) 
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Figure 10. BPT diagnostic diagram for our AGN and control samples. In these diagrams, we show all the spaxels where SNR in the continuum is ≥ 10 and the 
[O III ] λ 5007 Å emission line is detected with a 3 σ confidence le vel. Dif ferent radial values are shown, from top to bottom: 0–0.5 R e (red), 0.5–1.0 R e (green), 
1.0–1.5 R e (blue), and 1.5–2.0 R e (yellow). Black and red lines correspond to the empirical and theoretical criteria to separate AGN-like and H II -like objects 
proposed by K e wley et al. ( 2001 ) and Kauffmann et al. ( 2003b ), respectively. The blue line represents the separation between AGN-like and LINERS-like 
sources proposed by Cid Fernandes et al. ( 2010 ). 
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ever the less, our stellar metalicity estimates are in agreement with
hose obtained through the gas phase abundances. 

.3 Spatially resolved diagnostic diagrams: BPT and WHAN 

t is known that AGN produces a much harder radiation field than
ain sequence stars. A widely used tool to identify and classify

mission-line sources according to their dominant radiation field are
NRAS 524, 5640–5657 (2023) 
he diagrams proposed by Baldwin et al. ( 1981 ; hereafter BPT ),
hich are based on line ratios between high and low ionization
otential species (e.g. [N II ]/H α × [O III ]/H β). Ho we ver, the BPT
iagrams cannot discriminate between genuine low-ionization AGN
nd emission-line galaxies whose ionizing photons are produced
n the atmospheres of hot low-mass evolved stars (HOLMES). To
 v ercome this, Cid Fernandes et al. ( 2010 ) have proposed a diagram
hat uses as a discriminator the EW of the H α emission line. They
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Figure 11. WHAN diagnostic diagram for our AGN and control samples for the same data points as in Fig. 10 . 
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ave shown that galaxies with EW(H α) < 3 Å, may not be ionized by
n AGN but by the HOLMES. This diagram is known as the WHAN
iagram since it involves the [N II ]/H α and EW(H α). 
In Figs 10 and 11 , we present the BPT and WHAN diagrams,

espectively for AGNs and controls. These diagrams have been built 
ith all the spaxels where the SNR in the continuum is ≥ 10 and

he [O III ] λ 5007 Å emission line is detected with a minimum of 3 σ
onfidence level, and for four different radial regions in the galaxies. 

As can be seen in Fig. 10 , the BPT diagrams reveal that most of
he AGN emission is concentrated in the inner 0.5 R e region of the
alaxies (with Sy/LINER classification), as well as that the bulk of
he emission for the control galaxies is located in the SF-dominated
egion. In addition, for regions outside the inner 0.5 R e , most of the
GN hosts and control galaxies become SF-dominated and present 
ery similar distributions. In summary, when moving radially across 
he galaxy (increasing R e ) what is seen is that the ionization pattern

o v es from the AGN-dominated region to the SF-dominated one,
rossing the transition region. 

On the other hand, the same behaviour is not clearly seen in the
HAN diagram (Fig. 11 ). While the bulk of the spaxels in the inner

.5 R e of AGN hosts is located at consistently larger EW(H α) values
 ∼0.5 dex) than the ‘retired’ wing of the control galaxies, spaxels
MNRAS 524, 5640–5657 (2023) 
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Figure 12. BPT diagnostic diagram for our AGN and control samples for distinct radial distances (from top to bottom: 0–0.5 R e , 0.5–1.0 R e , 1.0–1.5 R e , and 
1.5–2.0 R e ) with each spaxel coloured according to the EW of the H α emission line (using the limits of the WHAN for EW H α). The lines are the same as in 
Fig. 10 . 
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n both samples also distribute along a diagonal path crossing the
A GN/sA GN regions all the way to the SF re gion. This e xtended
ath in the WHAN diagram corresponds to the displacement from
GN/LI(N)ER to SF-ionization in the BPT diagram across the

ransition region. 
It is important to note that the WHAN diagram seems ef fecti ve

t separating the ‘forgotten’ population of retired galaxies from true
GN-ionized ones; ho we ver, the transition region (e.g. with photons

rom HOLMES/SF + AGN) is not explicitly defined in this diagram.
NRAS 524, 5640–5657 (2023) 
he distinction between AGN and SF objects is much more diffuse.
t radial distances larger than 0.5 R e , spaxels tend to be located in, or

lose to, the SF region, both for AGN hosts and control galaxies, but
 significant fraction of spaxels is still located in the sA GN/wA GN
egion. This may be due to the fact that, as we mo v e towards higher
adii values, we observe regions where the role played by SF on the
as excitation increases, while that of the AGN decreases (S ́anchez
020 ), and so the EW(H α) increases, making the locus of the region
o v e towards the weak-AGN/SF dominated region. In the studies
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f Deconto-Machado et al. ( 2022 ) as in Gatto et al. (in preparation),
n the same sample of AGN and control galaxies discussed here, 
e have found continuity in the kinematic properties of AGN and 

ontrols, in terms of the line widths of the [O III ] λ5007 Å emission
ines versus L([O III ]). This can be interpreted as due to the fact that
ven in the regions with EW(H α) < 3 Å; the gas may be still ionized
y a mix of photons coming both from the AGN and from HOLMES.
his becomes even more clear when BPT and WHAN are considered 

ogether. 
In order to try to clarify the behaviour described abo v e, we hav e

onsidered the BPT and WHAN together in Fig. 12 : as can be seen
n this figure the spaxels with larger EW(H α) when moving to
arger radii mo v e to the SF dominated re gion, clearly indicating
hat to do a proper activity classification, besides the line ratios and
W(H α), aperture effects also need to be considered and that the
ulk of the emission outside the central region is dominated by star-
orming processes (S ́anchez 2020 ). In fact, this aperture-dependent 
mis)classification has been reported by Alb ́an & Wylezalek ( 2023 ).
hey found that the number of f ak e-AGN increases significantly 

or values larger than 1.0 R e and they attribute it to increased
ontamination from diffuse ionized gas. S ́anchez ( 2020 ) shows that
he ionization in the o v erall e xtension of galaxies is dominated by
tellar processes (hot young stars or HOLMES), with the AGN 

mission being dominant in the central region of active galaxies. 

 FINA L  R E M A R K S  

e present here spax el-by-spax el stellar population fits for the 
10 000 MaNGA data cubes. We provide multiple extension 
ts files, nominated as MEGACUBES , with maps of light- and 
ass-fraction contribution of each stellar population component, 

ight-weighted and mass-weighted mean age and mean metallic- 
ty, reddening, star formation rates via stellar population (o v er 
he last 1, 5.6, 10, 14, 20, 32, 56, 100, and 200 Myr), binned
opulation vectors in light- and mass-fraction in different age 
anges (xyy ≤ 10 Myr; 14 Myr < xyo ≤ 56 Myr; 100 Myr < xiy ≤
00 Myr; 630 Myr < xii ≤ 800 Myr; 890 Myr < xio ≤ 2.0 Gyr;
nd 5.0 Gyr < xo ≤13 Gyr). Parameters characterizing the emission-
ine profiles of H β, [O III ] λλ4959,5007, He I λ5876, [O I ] λ6300,
 α [N II ] λλ6548,6583 and [S II ] λλ6716,6731, are also provided

or each spaxel. All the MEGACUBES are available through a web 
nterface ( https://manga.linea.or g.br / or https://www.if.ufr gs.br/ ∼r if 
el/ software/megacubes/ ), where each one of them can be inspected, 
ownloaded, and interacted with via different plots. 
We analysed the MEGACUBES for the final AGN sample (293) and 

ontrol galaxies (586) in the MaNGA surv e y selected according to the
riteria from Rembold et al. ( 2017 ), in which the control galaxies are
atched to the AGN according to stellar mass, distance, inclination, 

nd galaxy type. 
We have also presented a global analysis of the stellar population 

f the final set of AGNs and compared them with the control
alaxies sample. We found that the young and intermediate-age 
opulations show an outwards increasing gradient for AGNs and 
ontrols, while the old component decreases outwards, indicating 
hat the galaxies are facing a rejuvenation process. We find that the
raction of intermediate-age stellar population is higher in AGN hosts 
han that found in the control sample, and this difference becomes 
arger for higher-luminosity AGNs. This has been interpreted by us 
s the fact that an extra amount of gas is available in these more
uminous sources and that most likely it originates from mass loss
rom the intermediate-age stellar population. We have also found that 
he mean metalicities show a similar trend for AGN hosts and control
alaxies showing a decreasing gradient with increasing radius, with 
GN hosts showing a slightly shallower gradient. Additionally, for 

egions R < 0.5 R e the AGN hosts metallicity is biased towards
o wer v alues when compared with the control galaxies, as well as
hen compared with larger radii values. This is in agreement with

he behaviour found when studying the gas phase abundances. 
Analysis of the global properties of the gas excitation via BPT and
HAN diagrams have also been presented. The spatially resolved 

PT diagrams reveal that the AGN emission is concentrated in the
nner 0.5 R e region of the galaxies (with Sy/LINER classification), 
s well as that the bulk of the distribution for the control galaxies
s located in the SF-dominated region. Additionally, besides the 
ependence on aperture size for proper activity type classification, we 
how that the BPT diagram has to be used together with the strength
f the H α EW. We thus present a ‘composite’ BPT + WHAN diagram
o be used for as a more comprehensive diagnostic of the emitting
as excitation in galaxies. 
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