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ABSTRACT

We present the ionised gas properties and metallicity gradients of the central area of a sample of 43 galaxies using observations
obtained by the MEGADES survey. The technical capabilities of MEGARA (Multi-Espectrógrafo en GTC de Alta Resolución para
Astronomía) provide us with relatively high spectral (R∼ 6000) and spatial (0.62′′) resolution observations that we used to study the
properties of the ionised gas via various methods, including using the classic diagnostic BPT diagrams of its [N ii] and [S ii] variants.
We explore how the diagrams vary as a function of both the radius and velocity dispersion of the Hα line. We also propose a new
diagnostic diagram for assessing the relative contributions of active galactic nuclei (AGN), shocks, and H II regions in each spatial
region as the ratio between the velocity dispersion of the [N ii]λ6584 and Hα lines. A considerable number of regions, regardless of
their galactocentric distance, have emission line spectra associated with shocks. This inference follows both from their line ratios,
typically characterised by high [N ii]λ6584/Hα and intermediate [O iii]λ5007/Hβ, and from their position in our diagnostic diagram,
where they lie between the areas associated with HII regions and with AGN. The better selection of HII-region-like emission allowed
for a robust oxygen abundance determination using the N2 indicator, which we used to measure precise abundance gradients. Most
galaxies show negligible metallicity gradients, especially the low-abundance (<8.37 dex) fast rotators. The mean value of the slope
of the metallicity gradients for this subset is 0.005 dex R−1

e , with a dispersion of 0.422 dex R−1
e . Above 8.37 dex the fast rotators

consistently show slightly negative metallicity gradients, with a weak correlation between the slope and the y-intercept. The mean
slope of these galaxies is −0.681 dex R−1

e , with a dispersion of 0.933 dex R−1
e . The overall mean value of the gradients for all galaxies

in the MEGADES sample is −0.025 dex R−1
e , with a dispersion of 0.766 dex R−1

e . We discuss the possible implications of these results
regarding the impact of galactic winds on the abundance gradients of galaxies.

Key words. galaxies: ISM – galaxies: star formation

1. Introduction

The emission spectra of galaxies are a treasure trove of informa-
tion that can be exploited to measure several physical parame-
ters of the interstellar medium (ISM), including the gas density,
temperature, ionisation, and abundance. The precise proper-
ties of the ISM can be determined with detailed photoion-
isation models such as Cloudy (Ferland et al. 1998), PyNeb
(Luridiana et al. 2015), MAPPINGS (Sutherland et al. 2018),
and HCm (Pérez-Montero 2014), which calculate the proper
energy balance between atomic species and the energy levels of
each species. Most of the time, however, it is far more practi-
cal or even only possible to use line emission diagnostics based
on strong emission lines, which are easy to measure with signif-
icant signal-to-noise ratios (S/Ns; e.g. Kewley & Dopita 2002;
Marino et al. 2013; Pilyugin & Grebel 2016; Curti et al. 2017).

These line emission diagnostics have become one of the
main tools employed in extragalactic astronomy studies aimed

? Corresponding author: mchamorro@ucm.es

at understanding the physics of galaxies. A multitude of partic-
ular diagnostic applications can be used, which provide infor-
mation on virtually any relevant physical parameter of the
ISM of the galaxies (see reviews by Kewley et al. 2019 and
Maiolino & Mannucci 2019). One of the most used diagnos-
tics is the Baldwin, Phillips, and Terlevich (BPT) diagram
(Baldwin et al. 1981), which is based on the Hα, Hβ, [N ii],
and [O iii] emission lines ([N ii] can be substituted by [S ii] and
[O i] lines). In this diagram, the combination of lines informs
the user of the hardness of the ionising spectra acting on the
ISM as well as how prevalent shocks are as an ionisation source.
The BPT diagram allows for the classification of galaxies (or
regions within them) by the origin of the ionisation and, con-
sequently, the emission that is observed, which is tied to phys-
ical processes such as star-forming-region-based ionisation by
young massive stars, active galactic nucleus (AGN) feedback,
or ionisation by old stellar populations. However, it has long
been recognised that the original [N ii]-based BPT diagram has
intrinsic limitations. In particular, objects with composite ion-
isation or ‘transition’ properties often fall in areas of overlap
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between star formation and AGN regions, making their clas-
sification ambiguous. This is largely due to the sensitivity of
the [N ii]/Hα ratio to both metallicity and ionisation condi-
tions, which can blur the separation between mechanisms. A
more robust approach is therefore to make use of the full set of
BPT diagrams, including those based on [S ii] and [O i], which
respond differently to the metallicity and hardness of the ionis-
ing spectrum and thus help disentangle these cases. Recent work
has shown that the combined use of all three diagrams signifi-
cantly reduces the fraction of ambiguous sources and improves
the classification of transition objects (e.g. Pérez-Díaz et al.
2021; Oliveira et al. 2024). Despite these improvements, some
limitations of BPT diagnostics remain, particularly regarding
the identification of weak AGNs. In such cases, contamina-
tion from other sources of hard ionising spectra, such as hot
low-mass evolved stars (HOLMESs; Binette et al. 1994), can
mimic AGN-like emission. This has motivated the development
of alternative approaches, among which the WHAN diagram
(Cid Fernandes et al. 2011) is one of the most widely used. Its
distinguishing feature is the inclusion of the Hα equivalent width
(EWHα), which provides an additional discriminant for separat-
ing genuine AGN activity from ionisation by evolved stellar pop-
ulations. In particular, AGNs are expected to show high values
of EWHα, which enhances their detectability in this diagnostic.

The ability to detect and measure ionisation via shocks is
key to addressing the effects that stellar and AGN feedback have
on the host galaxies. The presence of shocks is apparent in the
flux ratios of the diverse emission lines in the spectra as well as
in the velocity dispersion of the emission lines, which is much
wider in the presence of strong shocks. This can be due to addi-
tional kinematic components arising from expanding shells or
to the higher pressure of the ISM, both arising from mechanical
energy input from sources such as supernovae or AGNs (e.g. Ho
2008; Heckman et al. 1990; Veilleux et al. 2001; Ho et al. 2014;
Camps-Fariña et al. 2018, 2020). As a result, the velocity disper-
sion has long been used as a diagnostic for the presence of strong
shocks in emission spectra in galaxies, typically those that pro-
duce galactic winds such as powerful starbursts (e.g. Rich et al.
2010, 2011) or those produced by AGNs (e.g. D’Agostino et al.
2019). D’Agostino et al. (2019) show that velocity dispersion
can act as a differentiating parameter in identifying AGNs, com-
plementing the position of the objects in the BPT diagram such
that objects with similar positions can be distinguished. While
the presence of very wide velocity dispersion measurements is
indicative of strong shocks and therefore of the presence of an
AGN, its absence is not indicative of the absence of an AGN,
which can present with relatively narrow lines. This is especially
the case for weaker AGNs classified as low-ionization nuclear
emission-line regions (LINERs; e.g. Cazzoli et al. 2022).

The advent of integral field spectroscopy (IFS) studies has
allowed for a transition from studying whole galaxies based
on their integrated or central spectra to measuring the spec-
tra of each individual spatial region in a galaxy. Surveys such
as SAMI (Croom et al. 2012), CALIFA (Sánchez et al. 2012),
and MaNGA (Bundy et al. 2015) thus allow us to extend the
aforementioned analysis of galaxy spectra into spatially resolved
scales by providing 2D maps of the flux and kinematics of the
emission lines as well as gradients and 2D maps of diagnostics
and several physical parameters (e.g. Sánchez et al. 2022). One
of the most fruitful of these is the study of the metallicity gradi-
ents using integral field unit (IFU) data (Vila-Costas & Edmunds
1992; Sánchez et al. 2014; Belfiore et al. 2017), which are
important tracers of various physical processes such as merg-
ers (Di Matteo et al. 2009; Rich et al. 2012), gas accretion

(Cresci et al. 2010; Sharda et al. 2021), and radial mixing
(Sellwood & Binney 2002; Schönrich & Binney 2009).

Spatially mapping diagnostics such as the BPT and WHAN
diagrams are especially useful: one of their main applications
is determining whether a galaxy hosts an AGN. As such, find-
ing the signature ratios for the presence of an AGN located at
the centre and surrounding areas of the galaxy provides a more
robust detection. Additionally, spatially mapping the BPT ratios
allows conical outflows of shocked gas ionised by the AGN to
be detected (e.g. López-Cobá et al. 2019; Mingozzi et al. 2019;
Wylezalek et al. 2020). The physical processes by which the
ISM is ionised have been extensively studied, but the detailed
interplay between the ionising radiation and the multi-phase
ISM, as well as the extent to which each ionising source (such
as OB stars, AGNs, HOLMESs, etc.) contributes to the over-
all energy balance is still not completely understood. High-
resolution studies that use a diverse array of diagnostics will be
key in this respect.

We studied the emission line diagnostics applied to
the MEGADES (MEGARA Galaxy Disc Evolution Sur-
vey Chamorro-Cazorla et al. 2023) sample observed with the
MEGARA (Multi-Espectrógrafo en GTC de Alta Resolu-
ción para Astronomía) instrument (Gil de Paz et al. 2018;
Carrasco et al. 2018). The unprecedented combination of high
spatial and spectral resolution in the IFU spectra allows us to
probe the ionisation mechanisms in greater detail than had been
possible until now. We also combined the BPT and WHAN dia-
grams with the velocity dispersion of the emission lines to cre-
ate a novel method for ionised gas diagnostics, which allows
for a robust determination of the origin of the excitation in the
emitted light we observe. Our main objective is to present and
validate a new diagnostic method that combines classical line-
ratio diagrams with the velocity dispersion of the emission lines,
enabling a more robust determination of the ionisation mecha-
nisms at play; this is only feasible thanks to the unprecedented
spatial and spectral resolution achieved with MEGARA. As a
practical application, we also derived metallicity gradients of
the MEGADES galaxies to demonstrate the usefulness of the
diagnostic in a context of astrophysical relevance, but this is not
intended as a comprehensive chemical abundance study.

The paper is structured as follows: In Sect. 2 we present
the sample and the data reduction technique, and in Sect. 3 we
explain how the emission line fluxes, velocity dispersions, and
effective radii were measured. The results and proposed line
diagnostics are presented in Sect. 4, and we briefly discuss their
implications in Sect. 5.

Throughout this paper we assume a standard Λ cold dark
matter universe whose cosmological parameters are H0 =
70 km s−1 Mpc−1, ΩΛ = 0.7, and Ωm = 0.3.

2. Data

All the data employed to conduct the analyses presented in this
paper were taken from MEGADES Survey Data Release I (DR1;
Chamorro-Cazorla et al. 2023). MEGADES includes data from
the central regions of 43 different galaxies observed with the
MEGARA instrument configured in its large compact bundle
(LCB) mode. This observing mode provides IFS observations
using an IFU composed of 567 fibres that form a hexagonal tes-
sellation whose individual size is 0.62 arcsec in diameter. With
these fibres we can measure spectra from spatially connected
regions of the sky covering a field of view of 12.5× 11.3 arcsec2.
This corresponds to the innermost regions of the galaxies, cov-
ering radii from 0.19 up to 3.4 kpc depending on distance. In
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Table 1. MEGARA VPH characteristics.

MEGARA VPH Spectral Coverage Line Res. ∆λFWHM R
[Å] [Å px−1] [Å]

LR-B 4350.61–5250.83 0.23 0.792 6061
LR-V 5165.57–6176.18 0.27 0.937 6078
LR-R 6158.34–7287.67 0.31 1.106 6100

total, each MEGARA LCB observation delivers 567 individ-
ual spectra, one per fibre, sampling these central regions. Fig-
ures illustrating the exact field of view covered by MEGARA
for each galaxy are provided in the sample presentation paper
(Chamorro-Cazorla et al. 2023), to which we refer the reader
for a visual representation of the covered area. In addition, the
LCB mode has 56 extra fibres spread over 8 different regions
in the outermost parts of the multi-object mode unit of the
instrument, located at distances between 1.75 and 2.5 arcmin
from the centre of the IFU, which allow us to take measure-
ments of the sky background simultaneously with the observa-
tions. MEGARA is equipped with 18 volume-phase holographic
(VPH) gratings to provide observations with spectral cover-
age ranging from 3650 Å to 9700 Å with three different spec-
tral resolutions: low (R∼ 6000), medium (R∼ 12 000), and high
(R∼20 000).

The observations included in MEGADES DR1 were made
using three low-resolution (LR) VPHs: VPH480-LR (LR-B),
VPH570-LR (LR-V), and VPH675-LR (LR-R). Relevant infor-
mation on the characteristics of these gratings is included in
Table 1. The combination of the observations of the three
gratings allows us to cover a very wide spectral range from
∼4350 Å to 7288 Å. This means that our observations provide
us access to the information supplied by several emission lines,
from Hβ to the sulphur doublet [S ii]λλ6717, 6731, including
all the information regarding the stellar emission of the galax-
ies. MEGADES includes galaxies from two previous samples,
on the one hand galaxies that are included in the S4G (The
Spitzer Survey of Stellar Structure in Galaxies) sample and on
the other hand galaxies that are part of the CALIFA (Calar Alto
Legacy Integral Field Area Survey) sample. For the galaxies
belonging to S4G we have observations obtained with the three
LR gratings mentioned above, while for the galaxies belonging
to CALIFA, we have observations made with LR-V and LR-R
(5166–7288 Å). To illustrate the spectral coverage and the typi-
cal appearance of our observations, Fig. 1 shows the integrated
spectrum of NGC 3982 obtained by combining the 567 fibres of
the MEGARA LCB observation. The figure displays the obser-
vations made with the three LR VPHs (LR-B, LR-V, and LR-R).
The main emission lines used in this work are clearly visible in
the spectrum, serving as the basis for the BPT and WHAN diag-
nostic analysis in Sect. 4.

No reddening correction was applied to the emission-line
fluxes, as our analysis relies on relative line ratios involving
transitions close in wavelength (e.g. those used in the BPT and
WHAN diagrams), which are essentially insensitive to extinction
effects. This is a standard practice in emission-line diagnostics
(Veilleux & Osterbrock 1987; Dopita et al. 2016) and has been
used in recent high-redshift studies (Tripodi et al. 2024).

The MEGADES DR11 provides both the reduced observa-
tions and some analyses performed on the stellar component

1 https://www.megades.es
Username: ‘public’, password: ‘6BRLukU55E’.

Table 2. Line fitting window definitions in the rest frame.

Ion λ0 Line window Continuum windows
[Å] [Å] [Å]

Hβ 4861.333 4848–4877 4828–4848 & 4877–4892
[O iii]λ5007 5006.843 4997–5017 4977–4997 & 5017–5037
NaI D 5889.950 5883–5905 5850–5870 & 5910–5930
Hα 6562.819 6555–6573 6513–6533 & 6598–6618
[N ii]λ6584 6583.460 6575–6594 6513–6533 & 6598–6618
[S ii]λ6717 6716.440 6707–6724 6680–6700 & 6751–6771
[S ii]λ6731 6730.810 6724–6741 6680–6700 & 6751–6771

and the interstellar gas component of the galaxies in the sam-
ple. The process followed for the reduction of the observations
is the standard MEGARA IFU data reduction procedure using
the MEGARA data reduction pipeline v0.12.0 (Pascual et al.
2022), as described in the MEGARA Reduction Cookbook
(Castillo-Morales et al. 2020)2 and in the sample presentation
paper (Chamorro-Cazorla et al. 2023), where the DR1 was first
introduced and whose preparation included the data reduction
carried out by our team. In this study we made use of those pub-
licly released reduced data products.

3. Analysis

3.1. Emission lines

To perform the analysis of the ionised gas present in
the ISM of the galaxies in the MEGADES sample, we
used the already reduced and processed data presented in
Sect. 2. More specifically, among all the data products gen-
erated for the MEGADES DR1, we analysed the files con-
taining the independent fit of each emission line (named
[OBJECT]_[VPH]_[SPECTRAL_LINE].fits). These files contain
the information of each emission line fitting obtained by apply-
ing Gauss-Hermite models. These emission-line fits are obtained
by using the megaratool analyze_rss created for this purpose
and for other MEGARA emission-line data. More detailed infor-
mation on the analysis conducted on these spectral features can
be found in Chamorro-Cazorla et al. (2023). In particular, the
fluxes of the Balmer lines (Hβ and Hα) used throughout this
work are corrected for the underlying stellar absorption. This
correction was performed by fitting and subtracting the stellar
continuum using a full spectral fitting approach, as described in
detail in Chamorro-Cazorla et al. (2023). Therefore, the result-
ing emission line fluxes are free from contamination by the stel-
lar population and suitable for diagnostic analysis.

The broad spectral coverage of the MEGADES observations
provides us with information on the ionised gas based on dif-
ferent strong emission lines: Hβ and [O iii]λ5007 lines, Hα,
[N ii]λ6584, and the two [S ii] lines, [S ii]λ6717 and [S ii]λ6731.
We detail the definition of the windows set for the emission-line
fittings in Table 2.

Before starting to analyse the ionised gas emission lines,
we wanted to verify to what extent we can be confident in our
results. To do so, we checked the limit of the S/N of our data at
which our measurements become unreliable. The method used
for this verification is based on comparing the measurements of
the flux and the line-of-sight velocity dispersion (σ) of two dif-
ferent emission lines produced by the same ion, the same exci-
tation mechanism and starting from the same upper level. For

2 DOI: 10.5281/zenodo.1974953
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Fig. 1. NGC 3982 concatenated spectra observed with the LR-B, LR-V, and LR-R VPHs in blue, green, and red, respectively. Each spectrum was
obtained by combining the 567 individual spectra measured simultaneously with the MEGARA LCB IFU.

this purpose, we applied this technique to the emission line dou-
blet [O iii]λ4959 and [O iii]λ5007. Figure 2 shows the relation
between the flux (top panel) and the velocity dispersion (bottom
panel) measured on both lines as a function of the S/N (per pixel)
at the peak of the weakest line ([O iii]λ4959) for measurements
performed on all data included in the MEGADES survey.

As expected, Fig. 2 shows that the lower the S/N the greater
the scatter on the ratio obtained when measuring the flux and
velocity dispersion of each of these two lines. To get similar val-
ues for σ([O iii]λ5007) and σ([O iii]λ4959), we had to reach at
least a S/N at the peak of the line of S/N> 10. This value is the
threshold that we used throughout this work whenever we made
use of ionised-gas data.

Although Galactic extinction correction was not applied to
our spectra, the impact of such a correction on our derived
line ratios is negligible. Our calculations indicate that the rela-
tive extinction affecting the AHα/A[N ii]λ6584 ratio is 1.004, while
the AHβ/A[O iii]λ5007 ratio is affected by a relative extinction of
1.039. The average extinction in the case of our sample of
galaxies in the g-band is approximately 0.15 mag, which implies
changes in the line ratios of −0.0001 dex for Hα/[N ii]λ6584 and
−0.0013 dex for Hβ/[O iii]λ5007. Based on these results, we can
conclude that the relevance of Galactic extinction in the context
of nearby-line ratios is not significant.

3.2. Effective radii estimation

To establish comparisons in our estimates of metallicity gra-
dients between the various galaxies in our sample, we esti-
mated the effective radius. This measure allows us to better con-
textualise the metallicity variations in relation to the physical
dimensions of the galaxies. For the estimation of the effective
radii of the galaxies in the sample, available in Table A.1, we
applied the method based on the asymptotic magnitude estima-
tion described in Cairós et al. (2001) and applied in works such
as Gil de Paz et al. (2007). Therefore, we used the brightness
profiles of each of the galaxies calculated from their photometric
decomposition elliptical isophotes (panel a in Fig. 3) to estimate
the cumulative flux at each radius (panel b in Fig. 3) and how

Fig. 2. Flux (top panel) and velocity dispersion (bottom panel) ratios of
[O iii]λ5007 to [O iii]λ4959 as a function of the S/N of [O iii]λ4959
measured on the peak of the line using all data included in the
MEGADES survey. In both cases, the shaded region between the dashed
red lines marks the position of the 10th and 90th percentiles. The solid
red line indicates the median value of the flux or velocity dispersion
ratio at each S/N value.

it changes as a function of the cumulative flux gradient (panel c
in Fig. 3). If we perform a linear fit of the cumulative flux gra-
dient as a function of its gradient, we can use the y-intercept of
this fit as the asymptotic magnitude of the galaxy. Once we had
this information, to calculate the effective radius of the galaxy
we simply located the semi-major axis at which the cumulative
flux is equal to the asymptotic magnitude plus 2.5log(2).
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The images we used to perform the photometric decompo-
sition of the MEGADES galaxies come from the Pan-STARRS
survey (Chambers et al. 2016). Specifically, we used the g-band
cutout images of 250 ′′ × 250 ′′(1000× 1000 pixels) in size avail-
able at the Pan-STARRS1 Database (Flewelling et al. 2020). It
is worth remembering that the field of view of the MEGARA
IFU is 12.5× 11.3 arcsec2, so we can only cover the most central
regions of the Pan-STARRS image (50× 45 pixels).

The photometric analysis has been carried out using the
Photutils (Bradley et al. 2023) software package included in
Astropy, which is specifically designed to perform this kind of
task. The isophote package within Photutils fits different
elliptical isophotes to the input data and allows us to obtain a
model of the data from these fits based on the iterative method
created by Jedrzejewski (1987).

4. Results

4.1. Diagnostic diagrams

Since diagnostic diagrams were first proposed by Baldwin et al.
(1981), comparing the flux ratios [O iii]λ5007/Hβ versus
[N ii]λ6584/Hα, BPT diagrams have been very useful for dis-
cerning the excitation mechanisms responsible for the ionisation
and line emission in the ISM. In the left panel of Fig. 4 we
show the results obtained from measuring the aforementioned
flux ratios in all the spaxels of the sample (when they meet
the quality criteria explained in Sect. 3.1). Different panels in
this figure show the evolution of the distribution of the points
when plotting these diagrams using spaxels at different galac-
tocentric distances. These cuts at different galactocentric dis-
tances (R< 0.25 kpc, 0.25 kpc<R< 0.5 kpc, 0.5 kpc<R< 1 kpc
and R> 1 kpc) show that most of the spaxels with emission lines
excited by the influence of the central AGN disappear beyond
0.25 kpc. This is not surprising since as we move away from
the galactic centre, the influence of the AGN becomes gradu-
ally weaker at a rate that depends on the brightness of the AGN
itself and the seeing of the observations. At all distances we have
regions excited by photoionisation from massive stars and, as
we get farther away from the innermost region, it becomes the
only existing excitation mechanism. Note that, in principle, the
ionisation by the AGN should only reach the broad-line region
(BLR) and narrow-line region (NLR), both of which are much
more compact that the MEGARA spaxel size for any of our
objects. The fact that we find spaxels with AGN-like line ratios
beyond the innermost bin in galactocentric distance might be due
to contamination coming from extended point-spread function
associated with the nuclear (point-like) AGN emission.

In the right panels of Fig. 4 we show the velocity disper-
sion values measured on the Hβ lines (σHβ) and display them
against [O iii]λ5007/Hβ in order to compare these results with
those of the BPT diagrams to their left, for the same cuts in
galactocentric distances. As expected, the spaxels with lines
showing the greatest velocity dispersion (σHβ > 100 km s−1)
appear in the regions with R< 0.25 kpc, the innermost regions,
although we find values corresponding to different ionisation
mechanisms in this region. This is also related to the influence
of the BLR of the AGN. Here we should note that no multi-
component decomposition of the Balmer lines was attempted
in these innermost regions of AGN-host galaxies, so the Hβ
line widths reported are likely intermediate between those of
the BLR and NLR, even if these fits were performed adopt-
ing a rather flexible Gauss-Hermite functional form. In this
diagram we also report on the presence of a U-shape in the

[O iii]λ5007/Hβ ratio that is particularly noticeable at the inner-
most regions (R< 0.5 kpc) mainly because the contribution of
spaxels with highσ but also high-[O iii]λ5007/Hβ ratios. This
deviates from the general trend of having spaxels with pro-
gressively lower [O iii]λ5007/Hβ ratios as σ increases, until
we reach the turning point at log(σHβ(km s−1))∼ 1.5. The most
likely explanation for that trend is that, as σ is higher in regions
less affected by the AGN, the contribution of shocks associ-
ated with sites of star formation (stellar winds and supernovae)
increases; this leads to a larger contribution of these mechanisms
to the line emission, and these mechanisms are known to lead to
lower ionisation. This naturally boosts lower-ionisation species
(and emission lines), such as [N ii]λ6584 (see below), but dims
higher-ionisation ones, such as [O iii]λ5007.

The difference in the number of spaxels between the two pan-
els of Fig. 4 arises because the left-hand panels combine lines
observed with different gratings (LR-B for Hβ and [O iii]λ5007,
LR-R for Hα and [N ii]λ6584). In this case only spaxels with
information available in both gratings can be used. In addition,
the S/N criterion is applied to different lines on each axis, which
introduces further differences in the selected sample. Finally,
the effective overlap of the IFU fields depends on how well
the telescope pointings of the LR-B and LR-R observations
are aligned. The pointings are not always perfectly accurate
and in some cases the offset can be significant, as discussed in
Chamorro-Cazorla et al. (2023). By contrast, the right-hand pan-
els, based solely on LR-B data, is not affected by these limita-
tions and therefore includes more spaxels. In Fig. 5, both axes
rely on LR-R lines, so the same spaxels are present in the two
panels.

Another method used to establish the origin of emission lines
is the so-called WHAN diagram (Cid Fernandes et al. 2010).
This diagram represent [N ii]λ6584/Hα versus the equivalent
width of Hα (EWHα) and enable us to distinguish regions excited
by star formation from those excited by AGN, differentiating
Seyfert from LINER zones (or LINER-like zones; see below).
The innovative aspect of this classification is the inclusion of
regions that have classically been considered low-luminosity
AGNs (and, in particular, LINERs) but are better described as
presenting LINER-like excitation conditions. According to these
authors, this new mechanism occurs in ‘retired galaxies’ (RGs),
which are galaxies that have stopped forming stars and whose
source of ionisation comes from HOLMESs (Binette et al. 1994;
see also the discussions by Singh et al. 2013; Papaderos et al.
2013, and Belfiore et al. 2016 on a similar type of objects, the
low-ionisation emission-line regions). It should be noted that
studies carried out by Byler et al. (2019) show that the EWHα
produced by a population whose ionisation radiation is dom-
inated by post-asymptotic giant branch stars typically varies
between 0.1 Å and 2.5 Å, especially at ages over log10(t/yr)& 9.

An important feature of the WHAN diagram is its use
of a simple constant threshold in log([N ii]λ6584/Hα) to
separate star-forming and AGN-like regions. This thresh-
old, typically set at log([N ii]λ6584/Hα) = −0.4 originates
from the work of Stasińska et al. (2006), who showed
that this ratio alone can effectively classify galaxies into
normal star-forming (log([N ii]λ6584/Hα)≤−0.4), hybrid
(−0.4< log([N ii]λ6584/Hα)≤−0.2), and AGN-dominated
(log([N ii]λ6584/Hα)>−0.2) categories. Thus, the WHAN dia-
gram inherits this empirical demarcation, making it particularly
useful when other diagnostic lines are unavailable or suffer from
low S/N.

We show the WHAN diagram using the observations of
the MEGADES sample in Fig. 5 (left panels). We find that
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Fig. 3. Panel (a): Pan-STARRS g-band image of the galaxy NGC 0718, with the isophotes calculated using Photutils overplotted in white. Panel
(b): Cumulative magnitude derived from the previously measured isophotes as a function of the semi-major axis. Blue dots correspond to the
integrated magnitude within each isophote, and the dashed black line is a smoothed interpolation of the distribution. The horizontal solid blue line
indicates the asymptotic magnitude of the galaxy, and the orange cross marks the semi-major axis at which the cumulative magnitude reaches a
value equal to the asymptotic magnitude plus 2.5log(2), corresponding to the effective radius. Panel (c): Cumulative magnitude as a function of
the cumulative magnitude gradient. Each blue dot corresponds to a given isophote. The dashed black line shows a linear fit to the data points at the
lowest gradients, and the vertical dashed-dotted black line marks the zero gradient. The intercept of the linear fit with the vertical axis is used to
estimate the asymptotic magnitude of the galaxy.

the distribution of points in our sample is similar to the one
obtained by (Cid Fernandes et al. 2011) using SDSS (Sloan Dig-
ital Sky Survey) data (see their Fig. 6). According to this dia-
gram, part of the emitting regions we detect (those with EWHα <
3 Å) come from ionisation by HOLMES. This mechanism is
present at practically all galactocentric distances. Although the
WHAN and BPT diagrams share a similar criterion in terms of
log([N ii]λ6584/Hα), the inclusion of EWHα in WHAN leads to
differences in the classification of individual spaxels. In particu-
lar, we find that ∼95% of the regions identified as AGNs in the
BPT diagram using the Stasińska et al. (2006) criterion are also
classified as AGNs in the WHAN diagram, highlighting both the
consistency and the added diagnostic value of this diagram.

In the right panel of Fig. 5 we present the measurements
obtained for [N ii]λ6584/Hα ratio versus the Hα velocity dis-
persion. In this case we observe a clear correlation with larger
values of [N ii]λ6584/Hα ratio showing larger Hα velocity dis-
persion. According to the scenario proposed above to explain
the U-shape in the [O iii]λ5007/Hβ versus σ diagram, this trend
could be explain as due to the enhanced contribution of shock-
excitation to the emission from low-ionisation species such as
[N ii]λ6584 at progressively larger σ values.

The fact that the measurement of the ionised-gas velocity
dispersion allowed us to identify spaxels affected by (broad)
AGN emission, have led us to evaluate the BPT diagrams of our
emission-line regions in the MEGADES galaxies as a function of
this parameter. Thus, in Fig. 6 we show again the classical BPT
diagrams of [O iii]λ5007/Hβ versus [N ii]λ6584/Hα (left pan-
els) and [O iii]λ5007/Hβ versus ([S ii]λ6717+[S ii]λ6731)/Hα
(right panels) but now split in different ranges of σHα, namely
σHα < 30 km s−1 (top panels), 30 km s−1 < σHα < 70 km s−1

(middle panels) and σHα > 70 km s−1 (bottom panels).
Both diagrams show that for lower velocity dispersions

(σHα < 30 km s−1) the spaxels are mostly located where the
excitation is due to photoionisation by massive stars. For inter-
mediate σHα values (30 km s−1 < σHα < 70 km s−1) we still
have a majority of photoionisation-dominated line ratios but
they occupy regions closer to the AGN dividing line. Finally,
for the highest velocity dispersion values (σHα > 70 km s−1) we
find that all spaxels are located in the AGN excitation region for
the [N ii]λ6584/Hα diagram and in the case of the [S ii]λ6717 +

[S ii]λ6731 diagram most of them are also located in this region,
although this depends on the specific demarcation considered.

The identification of relations between the velocity disper-
sion of the ionised gas emission lines and the mechanisms driv-
ing their excitation is a predictable finding, supported by pre-
vious research, as evidenced by the work of D’Agostino et al.
(2019). They establish a relation between the velocity dispersion
and the way in which the regions of a galaxy are distributed in
the BPT diagram (emission line ratio information) in order to
define a criterion that enables the determination of the predomi-
nant excitation mechanism in each area of the galaxy. However,
this criterion is based on a data-dependent method, as the authors
themselves mention in the paper, and since they only analyse
one galaxy (NGC 1068), we considered it unsuitable to apply
it to our sample data. The fact that we included data from 43
different galaxies, each of them with different metallicities and
with different spatial resolutions due to their different distances,
means that our data may introduce a large scatter in the BPT dia-
gram of the sample, especially along the boundary that divides
the excitation mechanisms.

The potential to identify the mechanisms responsible for the
excitation of the different components of interstellar gas by mea-
suring their velocity dispersion highlights the need for instru-
ments with high spectral (and spatial) resolution in order to have
sufficient resolving power to be able to measure the lines with
the lowest velocity dispersion. This study has only been possi-
ble thanks to the unique combination of high spatial and spectral
resolution of the observations collected with MEGARA.

4.2. Dynamical selection of excitation mechanisms

Due to the fact that the behaviour of the different spaxel-by-
spaxel line ratios as a function of line width can be interpreted
in terms of the relative contribution of AGNs, shocks, and H II
regions photoionisation within each spaxel, we attempted to pro-
vide a diagnosis based exclusively on dynamical properties. We
first assumed that in many cases more than one mechanism might
be at play but that different lines have a different degree of sensi-
tivity to those mechanisms. Thus, while the [N ii] lines are very
sensitive to low-velocity shocks, narrow Balmer lines are sensi-
tive to all mechanisms (including the NLR of AGNs at interme-
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Fig. 4. Left panels: [O iii]λ5007/Hβ versus [N ii]λ6584/HαBPT diagram of all spaxels in the MEGADES sample for galactocentric distance cuts of
(from top to bottom): <0.25 kpc, between 0.25 and 0.5 kpc, between 0.5 and 1 kpc, and >1 kpc. The size of each point depends on the S/N measured
at the peak of the [N ii]λ6584 line. The dashed, dotted, dash-dotted, and solid lines represent the Kewley et al. (2001), Kauffmann et al. (2003),
Stasińska et al. (2006), and Espinosa-Ponce et al. (2020) demarcation curves, respectively. Right panels: Relationship between [O iii]λ5007/Hβ
and the velocity dispersion measured on the Hβ line for the same galactocentric distances shown in the left panels. The size of each point depends
on the S/N measured at the peak of the Hβ line. Grey dots in the backgrounds correspond to all points in the sample.

diate line widths) and very broad Balmer lines are almost exclu-
sively produced in the BLR of AGNs. Therefore, there where
different mechanisms at play, the comparison between the line
widths of these lines (besides the impact on line ratios described
in the previous section) could provide further information, and
additional diagnostics, on the nature of the dominant excitation
mechanism.

In the left panel of Fig. 7 we have plotted the velocity disper-
sion measured in the [N ii]λ6584 and Hα lines against the veloc-
ity dispersion in the Hα line. By doing so, we tried to establish
a purely dynamical criterion to distinguish the excitation mech-
anisms that have led to the appearance of these emission lines.

The boundaries separating the regions populated by lines
excited by (or dominated by) different excitation mechanisms

have been selected on the basis of the following criteria. First, the
line separating the AGN region from the shock and photoionisa-
tion regions has been adopted according to the full width at half
maximum lower limit of 200 km s−1 given in Vaona et al. (2012)
for lines belonging to the NLR. This, translated into velocity
dispersion, implies a σ ∼ 85 km s−1. To add some conservative
margin to this limit, we used σHα = 100 km s−1 as the division
between the zone of excitation produced by AGNs and the rest
of the mechanisms.

For σHα < 100 km s−1, we applied two different crite-
ria. First, for low σHα values, we made a cut at constant
σ[N ii]λ6584/σHα − 1. This constant value represents regions that
would show a [N ii]λ6584 line broader than Hα by a constant
fraction of the line width of Hα. Then, for σHα > 30 km s−1
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Fig. 5. Left panels: [N ii]λ6584/Hα versus the equivalent width of the Hα line for different galactocentric distance cuts (from top to bottom):
<0.25 kpc, between 0.25 and 0.5 kpc, between 0.5 and 1 kpc, and >1 kpc. The dashed line marks the boundary proposed by Stasińska et al. (2006)
to distinguish between star-forming regions (labelled SF) and AGNs. The dotted line indicates the boundary established by Kewley et al. (2006)
to separate, within the AGN area, Seyferts from LINERs (labelled L). The dash-dotted line separates the region populated by lines produced in
RGs proposed by Cid Fernandes et al. (2011). Right panels: [N ii]λ6584/Hα versus velocity dispersion of the Hα line for the same galactocentric
distance cuts. In all panels, the size of each point depends on the S/N measured at the peak of the [N ii]λ6584 line. Grey dots in the background
correspond to all points in the sample.

we applied a constant (quadratic) broadening in velocity of ∆ =
30 km s−1. In Fig. 7 we show the predictions inσ[N ii]λ6584/σHα−1
for such 30 km s−1 broadening but also for 50 and 70 km s−1.
These lines correspond to the following equation:

σ[N ii]λ6584

σHα
=

√
1 +

(
∆

σHα

)2

. (1)

To verify that the proposed cutoffs do a good job of isolating
the different excitation mechanisms, we split the different spax-
els by galactocentric distance and included information on the
nature of the objects in our sample regarding the nuclear activ-
ity as published in the literature. Thus, we plot in blue those

spaxels (independently of their galactocentric distance) coming
from galaxies that have been identified in the literature as LINER
or Seyfert (see Table A.1; taken from the NASA/IPAC Extra-
galactic Database), and in red spaxels from galaxies spectro-
scopically classified as H II galaxies, starburst, or star-forming
galaxies in general. Given that our observations target the central
∼0.5–3 kpc of our galaxies, when nuclear activity is present, it
should play a major role on the ionising properties of our spec-
tra. As such, the Seyfert/LINER classification from the litera-
ture already provides a reasonable proxy for assessing whether
AGN-related processes dominate the excitation mechanisms in
the corresponding spaxels. In summary, the proposed dynami-
cal criterion adopts (from high to low velocity dispersion): (1) a
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Fig. 6. BPT diagrams of [O iii]λ5007/Hβ versus [N ii]λ6584/Hα (left panel) and [O iii]λ5007/Hβ versus ([S ii]λ6717+[S ii]λ6731)/Hα (right
panel). Both panels show the diagrams for three different cuts as a function of the velocity dispersion measured on the Hα line (from top to
bottom): <30 km s−1, between 30 and 70 km s−1, and >70 km s−1. In the left panel, the dashed, dotted, dash-dotted, and solid lines represent the
Kewley et al. (2001), Kauffmann et al. (2003), Stasińska et al. (2006), and Espinosa-Ponce et al. (2020) demarcation curves, respectively. In the
right panel, the dashed, dotted, and solid lines represent the Kewley et al. (2001, 2006), and Espinosa-Ponce et al. (2020) demarcation curves,
respectively. The size of the points in the left and right panels depends on the S/N measured at the peak of the [N ii]λ6584 line and [S ii]λ6717,
respectively. Grey dots in the backgrounds correspond to all points in the sample.

minimumσHα of 100 km s−1 for AGN-dominated (NLR or BLR)
spaxels, (2) a (limiting) broadening of ∆ = 30 km s−1 for spax-
els with Hα line widths below 100 km s−1 but above 30 km s−1,
to separate between the spaxels ionised by shocks and UV pho-
tons, and (3) a linear offset in σ[N ii]λ6584 − σHα that is propor-
tional to σHα in the case of the spaxels with the narrowest lines,
i.e. σHα < 30 km s−1.

Applying the criteria described above, we obtain a distribu-
tion of points in the BPT diagram as shown in the right-hand
panels of Fig. 7. We can see that the dynamic distinction we
made separates the different zones quite well from each other.
In the left-hand panels, galaxies classified as Seyfert or LINER

are distributed within the BPT diagram either in the regions of
AGN-excited lines or in the intermediate zones between that
region and the emission region of the HII regions. We note that
the non-nuclear regions of AGN-host galaxies are expected to
have line ratios (and velocity dispersion values) compatible with
being ionised by massive stars (see the middle panel).

4.3. Ionised-gas metallicity gradients

The metallicity of ionised-gas can be estimated from sev-
eral strong–line indicators including the [N ii]λ6584/Hα ratio
(also called the N2 indicator; see Marino et al. 2013 and refer-
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Fig. 7. Left panels: Relationship between the measured ratio of velocity dispersions of [N ii]λ6584 and Hα lines versus the velocity dispersion on
the Hα line for different galactocentric distance cuts. The dashed, dash-dotted, and solid black curves represent lines with a constant broadening
with respect to the Hα line of 30, 50, and 70 km s−1, respectively. The dashed orange lines indicate the boundaries between the regions defined by
the dynamic selection of excitation mechanisms explained in this section. Right panels: BPT diagram of [O iii]λ5007/Hβ versus [N ii]λ6584/Hα
corresponding to the points falling within each of the regions defined in the left panel. From top to bottom we have the BPT diagram for the
lines excited by shocks-like mechanism, photoionisation, and AGNs. The dashed, dotted, dash-dotted, and solid lines represent the Kewley et al.
(2001), Kauffmann et al. (2003), Stasińska et al. (2006), and Espinosa-Ponce et al. (2020) demarcation curves, respectively. In both panels blue
dots denote lines measured in galaxies classified as Seyfert or LINER (see Table A.1), while the red dots represents the rest of the galaxies. The
size of the points depends on the S/N measured at the peak of the [N ii]λ6584 line. Grey dots in the backgrounds correspond to all points in the
sample.

ences therein). These authors established a relation between the
oxygen abundance derived from electron temperature-sensitive
lines (namely [O iii]λ4363 and [N ii]λ5755) and the value of
[N ii]λ6584/Hα in the ISM of galaxies using measurements
mainly from the literature but also from the CALIFA survey.
Using this relation we can easily convert our N2 measurements
into measurements of the oxygen abundance in the ionised-gas
and, therefore, of the overall gas metallicity. However, this rela-
tion is only valid when the excitation mechanism that has given

rise to the line emission is photoionisation, since the data used
for its calibration come from photoionised HII regions in very
nearby galaxies, so before calculating abundances it is neces-
sary to discriminate the origin of the lines we are studying. It
is also important to note that this calibration carries an intrin-
sic scatter of about 0.16 dex (Marino et al. 2013), mostly driven
by galaxy-to-galaxy variations in the reference sample. Within
a given galaxy, spaxels from the same observation are corre-
lated, so this scatter acts essentially as an upper bound on the
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uncertainty and in practice it affects the absolute zero-point of
the gradients more strongly than their relative slopes.

Based on the studies we describe in the previous section
(see Fig. 7), we are able to identify the main mechanism that
has produced the line emission of the spaxels in our galaxies
and therefore derive proper metal abundance in the ionised-gas
phase. We can also compare the results obtained when measur-
ing metallicities using all the [N ii]λ6584 line ratios available in
the sample with those estimated using spaxels whose line emis-
sion is produced by photoionisation exclusively. In this section
we focus on the radial variation of the metal abundance, includ-
ing the determination of metallicity gradients, since azimuthal
variations are beyond the scope of this paper. Thus, in Fig. 8 we
first show the results of the best-fitting oxygen abundance gradi-
ents obtained for the galaxy NGC 3982 from our N2 measure-
ments calculated in the two ways, including and excluding line
ratios that could be arising from spaxels ionised by mechanisms
other than photoionisation. These gradients were calculated by
dividing the range of galactocentric distances covered in each
observation into ten equal intervals and calculating the median
value of the points belonging to each interval. The best fits for
all the galaxies in the sample are shown in Appendix B and the
results can be found in Table A.1. Hereafter, every time we dis-
cuss about photoionised-only spaxels we will be referring those
spaxels selected to have their line emission due to UV photons,
according to the dynamical criteria defined in Fig. 7.

The resulting best-fitting ionised-gas metallicity gradients
and central extrapolated metallicities are shown in Fig. 9. This
figure also includes information on the kinematic class of the
objects analysed. These kinematic classes have been determined
based on the work by van de Sande et al. (2017) and, although
these results are already available, the full analyses of our appli-
cation of these criteria to the MEGADES sample data will be
published in a forthcoming publication (Chamorro-Cazorla et
al., in prep.). To understand this kinematic classification in a
simple way, we note that objects classified in classes 1 and 2
are considered slow rotators and objects between classes 3 and 5
are considered fast rotators.

Figure 9 shows that the central abundances of the galaxies
in the sample vary between 8 and 8.7 dex in the 12+log(O/H)
scale (for comparison, the oxygen abundance in the solar pho-
tosphere is 8.69± 0.05; Asplund et al. 2009). On the other
hand, we see that most of the galaxies show very low or
almost null metallicity gradients, especially if we look at the
fast rotators with central metallicities below 8.37 dex, with
a median value for these gradients of 0.005 dex R−1

e and a
dispersion of 0.422 dex R−1

e . Above that value, fast rotators
show slightly negative metallicity gradients with some degree
of correlation between slope and y-intercept with a median
value for the slope of −0.681 dex R−1

e and a dispersion of
0.933 dex R−1

e . The median value estimated for all the galax-
ies included in MEGADES is −0.025 dex R−1

e with a disper-
sion of 0.766 dex R−1

e . To place our results in context, previ-
ous work measuring the oxygen abundance in nearby galax-
ies shows results like those of Sánchez-Menguiano et al. (2016),
with median values of the slopes measured in galaxies belong-
ing to the CALIFA sample of −0.07 dex R−1

e ±0.05 dex R−1
e using

the same calibration proposed by Marino et al. (2013) used in
this work. It is worth noting here that the data included in the
CALIFA sample have observations covering a field of view of
1 arcmin2 while ours stay in much more inner regions of galax-
ies, as well as having observations of 939 galaxies. We note
here that although we show only the marginalised errors in both
quantities, these two quantities are correlated for each individual

Fig. 8. Oxygen abundance (i.e. 12 + log(O/H)) estimations based in the
calibration by Marino et al. (2013) as a function of galactocentric dis-
tance for the galaxy NGC 3982. Gradients have been derived using the
median values estimated for different galactocentric distance intervals.
Within each galactocentric distance interval, the median values of the
data are represented by blue or red squares. The blue (red) dots rep-
resent metallicity measurements obtained from all the spaxels (spaxels
whose emission lines originated in star-forming regions; see text). The
blue and red bands indicate the results of our Bayesian linear best fits
to the data with the same colour coding as for the individual measure-
ments. The dark and light shaded bands correspond to the confidence
intervals at 1σ and 2σ levels, respectively. The black dot at the bottom
left represents the median error of all the blue points.

fit in the same direction (Chamorro-Cazorla et al. 2022). How-
ever, the wide range in properties (0.7 dex in the case of the cen-
tral metallicity), much larger than the individual errors, indicate
that the correlation found is not only driven by the covariance
between the two parameters of each individual fit. Besides, this
relatively tight correlation is only found in fast rotators, with
slow rotators showing a much larger dispersion in metallicity
gradient for a given central metallicity. For the majority of slow
rotators the gradients are more pronounced (more negative) than
those of the fast-rotators of the same central metallicity, although
their most notorious difference is their significantly larger disper-
sion across this plot.

We also see that the error bars for the fits obtained from
photoionised-only spaxels are larger than for those obtained
using all data, mainly because the former have fewer points to fit
and, in many cases, their range of distances for the calculation
is significantly reduced. In general, the radial gradients derived
correspond to regions that are at galactocentric distances below
2 kpc (see the individual fits in Appendix B).

To show the difference in the best-fitting parameters obtained
with the different datasets (photoionised-only and all spaxels),
we present them in Fig. 10, colour-coded by their kinematical
state. The corresponding frequency distributions for the entire
sample are shown along with their medians (marked as dashed
lines). We find a long tail of fast rotators towards more posi-
tive metallicity gradients and lower central metallicities when
computed using photoionised-only spaxels. This tail can cre-
ate the impression of a correlation between slope and intercept
for the fast rotators (cyan squares in Fig. 10). This trend could
be mostly driven by the natural degeneracy between the two
parameters, since steeper negative slopes are typically associ-
ated with higher intercepts, which makes the points distribute
along this axis. The effect is accentuated by two outliers with
particularly large uncertainties, and once these are excluded the
correlation becomes much less evident. Whereas in Fig. 9 the
broader dynamic range of the data dominates over such degen-
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Fig. 9. Metallicity gradients of the ionised gas measured for all galaxies
in our sample. The orange circles indicate galaxies that were classified
as slow rotators (dynamical classes 1 and 2) and cyan squares indicate
fast rotators (classes 3 through 5). Top panel: Gradients computed as
a function of galactocentric distance (in kpc). Bottom panel: Gradients
computed as a function of the effective radius. The x-axis indicates the
y-intercept of the linear fit to the metallicity gradient. Each galaxy is
represented twice as we include the results of the best fits obtained using
both photoionised spaxels (points with red error bars) and all spaxels
(points with blue error bars).

eracies, the restricted range in Fig. 10 enhances this impression.
Confirming whether a genuine correlation exists would require
additional data to improve the statistics.

At the same time, when considering the full distribution, the
median values of these differences remain very close to zero
(−0.003 in the case of abundance and −0.001 in the case of gradi-
ent). Thus, the median values of these differences are practically
null in both cases.

5. Discussion

In this section we analyse how these results provide some clues
as to the relative role of the different mechanisms involved in the
evolution of galaxies and, in particular, in shaping their current-
day spectrophotometric, chemical, and dynamical properties.

Concerning the diagnosis of ionised gas, the different anal-
yses performed by exploiting BPT diagrams of [O iii]λ5007/Hβ
versus [N ii]λ6584/Hα and [S ii]λ6717 + [S ii]λ6731, together
with the study of their radial variations and their relationships
with the velocity dispersion of the emission lines that popu-
late them, led us to attempt to differentiate the predominant
excitation mechanisms in each spaxel on the basis of a purely
dynamical criterion. This criterion, based on the values of the
[N ii]λ6584 and Hα velocity dispersion and the relation between
them, has proved to be quite effective. This criterion, given the
importance of properly distinguishing the dominant mechanisms
responsible for the ionised gas emission, can save a lot of tele-
scope time in cases where it is not possible to simultaneously
observe the spectral ranges [O iii]λ5007/Hβ and [N ii]λ6584/Hα,
as is the case for MEGARA.

Our diagnoses have shown that a large number of spaxels (at
any galactocentric distance) have emission-line ratios that indi-

Fig. 10. Ionised-gas metallicity gradients computed when photoionised-
only spaxels are used versus when all spaxels are used. The differ-
ence between y-intercepts is shown on the x-axis, while the difference
between slopes is included on the y-axis. Orange circles (cyan squares)
represent the results of the fits to our slow (fast) rotators. The dashed
lines in the central plot mark the zero position on each axis. The thick
dashed lines in the frequency histograms mark the median value of the
data on each axis.

cate the presence of shocks based on both their line ratios (typ-
ically high [N ii]λ6584/Hα and intermediate [O iii]λ5007/Hβ)
and their widths (intermediate between photoionisation by mas-
sive stars and AGNs, either in the NLR or BLR). In this context,
excitation with shocks is naturally associated with the onset of
galactic winds. Given the relatively high masses of these objects,
these winds would not imply the loss of gas mass, probably not
even the escape of chemically enriched outflows into the inter-
galactic medium, but can certainly produce the redistribution of
metals on several-kiloparsec scales (see Christensen et al. 2018).
Under this scenario, when a galactic wind is in place, some of the
gas is blown into the circumgalactic environment; eventually it
falls back into the plane of the galaxy, though not necessarily at
the same radii at which the wind was generated. In the case of
a nuclear starburst that throws material into the circumgalactic
medium that ends up falling into the outer parts of the disc, this
material enriches the outer parts and causes the metallicity gradi-
ents to flatten (dilute). Another piece of evidence of the presence
of galactic winds (neutral in this case) in some of our galaxies
is the finding of NaI D absorption with complex kinematics and
large equivalent widths (Chamorro-Cazorla et al. 2023). Another
mechanism that can produce widespread shocked-like line ratios
is the presence of large-scale shocks induced by bars (see e.g.
Maciejewski et al. 2002). Note that in these cases, where the
gravitational potential has a non-axisymmetric component, we
would also expect a flattening in the physical properties of the
galaxies (age and metallicity) with galactocentric distance com-
pared to those expected from the perspective of a purely inside-
out galaxy formation scenario, at least for a range of galaxy
masses (see Zurita et al. 2021, and references therein).

The availability of a dynamical criterion for selecting regions
whose line emission arises from photoionisation from massive
stars prevents the bias in the ionised-gas metallicity measure-
ments that a selection based purely on line ratios would intro-
duce. Furthermore, the impact of the spaxels dominated by
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other mechanisms is small, since there is little difference in the
ionised-gas metallicity gradients derived with the two datasets
(photoionised-only and all spaxels). Besides, given our limited
range in galactocentric distance, we expect that such a poten-
tial bias would be even less of a problem in works covering the
(outer) discs, where emission due to AGNs or shocks (or even
from ‘retired’ stellar populations) should be minimal. The cor-
relation found (especially in fast rotators) between central abun-
dances and gradients – gradients becoming increasingly negative
as central abundances increase – supports the idea of inside-out
formation and the presence of diffusion mechanisms in the sam-
ple galaxies (i.e. the redistribution of metals by galactic winds,
gas radial transfer by bars, and the contribution of minor merg-
ers). Under this scenario, a metallicity distribution with a certain
gradient and central abundance would evolve through radial dis-
placements of gas flattening the gradients and reducing the cen-
tral abundances. The fact that we find a similar trend in the stellar
metallicities indicates that this is not simply due to the gas hav-
ing been diluted recently with externally accreted pristine gas.
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Appendix A: Ionised-Gas Metallicity Gradients for the MEGADES Sample

Table A.1. Results for the ionised-gas metallicity gradients for the MEGADES sample as functions of the effective radius and galactocentric
distance.

Name [M/H]gas, photo [M/H]gas, all [M/H]gas, photo [M/H]gas, all Re

slope y-intercept slope y-intercept slope y-intercept slope y-intercept
[dex R−1

e ] [dex] [dex R−1
e ] [dex] [dex kpc−1] [dex] [dex kpc−1] [dex] [arcsec]

IC1683 −0.062+0.022
−0.021 −1.876+0.025

−0.025 −0.055+0.020
−0.021 −1.846+0.022

−0.022 −0.014+0.005
−0.005 −0.428+0.006

−0.006 −0.013+0.005
−0.005 −0.421+0.005

−0.005 13.25
NGC0023 0.003+0.098

−0.000 −1.145+0.017
−0.017 −0.016+0.078

−0.000 −1.079+0.000
−0.345 0.001+0.032

−0.000 −0.373+0.005
−0.006 −0.005+0.025

−0.000 −0.352+0.000
−0.113 9.89

NGC0600 −0.287+0.066
−0.069 −1.845+0.033

−0.032 −0.277+0.068
−0.065 −1.848+0.031

−0.032 −0.067+0.015
−0.016 −0.429+0.008

−0.007 −0.064+0.016
−0.015 −0.430+0.007

−0.007 33.86
NGC0716 0.041+0.009

−0.009 −1.748+0.021
−0.022 −0.040+0.006

−0.007 −1.518+0.014
−0.014 0.011+0.002

−0.002 −0.455+0.006
−0.006 −0.010+0.002

−0.002 −0.395+0.004
−0.004 12.40

NGC0718 − − − − − − − − 21.34
NGC1042 0.076+0.605

−0.619 −1.881+0.123
−0.130 −2.536+0.331

−0.298 −1.395+0.039
−0.043 0.017+0.135

−0.138 −0.418+0.027
−0.029 −0.564+0.074

−0.066 −0.310+0.009
−0.010 47.81

NGC1087 −0.130+0.106
−0.092 −1.813+0.015

−0.015 −0.131+0.108
−0.092 −1.823+0.000

−0.400 −0.031+0.026
−0.022 −0.438+0.004

−0.004 −0.032+0.026
−0.022 −0.440+0.000

−0.097 39.45
NGC2500 0.468+0.259

−0.249 −0.575+0.035
−0.036 0.541+0.263

−0.251 −0.591+0.038
−0.039 0.473+0.262

−0.252 −0.581+0.036
−0.037 0.546+0.265

−0.254 −0.597+0.038
−0.040 28.29

NGC2537 −0.251+0.376
−0.353 −0.393+0.110

−0.116 −0.406+0.322
−0.350 −0.396+0.027

−0.028 −0.300+0.449
−0.423 −0.470+0.131

−0.139 −0.486+0.386
−0.418 −0.473+0.032

−0.033 26.97
NGC2543 −0.161+0.129

−0.157 −1.642+0.000
−0.279 0.199+0.157

−0.151 −1.812+0.029
−0.029 −0.037+0.030

−0.036 −0.379+0.000
−0.064 0.046+0.036

−0.035 −0.418+0.007
−0.007 25.66

NGC2552 − − − − − − − − 40.81
NGC2967 0.350+0.173

−0.158 −2.638+0.533
−0.493 0.320+0.130

−0.152 −2.557+0.406
−0.391 0.081+0.040

−0.037 −0.610+0.123
−0.114 0.074+0.030

−0.035 −0.591+0.094
−0.090 25.61

NGC3104 − − − − − − − − −

NGC3485 −2.091+0.526
−0.549 −1.155+0.188

−0.191 −1.849+0.385
−0.379 −1.166+0.044

−0.044 −0.647+0.163
−0.170 −0.357+0.058

−0.059 −0.572+0.119
−0.117 −0.360+0.013

−0.014 32.67
NGC3507† −3.278+0.272

−0.285 −0.057+0.039
−0.039 −1.293+0.134

−0.129 −0.313+0.018
−0.019 −1.379+0.114

−0.120 −0.024+0.016
−0.016 −0.544+0.056

−0.054 −0.132+0.008
−0.008 34.97

NGC3780 − − − − − − − − 36.24
NGC3893 −0.010+0.058

−0.057 −0.643+0.000
−0.077 0.011+0.048

−0.042 −0.672+0.005
−0.005 −0.007+0.040

−0.040 −0.443+0.000
−0.053 0.008+0.033

−0.029 −0.463+0.004
−0.003 21.65

NGC3982† −0.305+0.050
−0.054 −0.517+0.058

−0.052 −0.782+0.070
−0.055 −0.317+0.000

−0.093 −0.210+0.034
−0.037 −0.356+0.040

−0.036 −0.540+0.049
−0.038 −0.218+0.000

−0.064 18.83
NGC3998† − − − − − − − − 15.17
NGC4037 −0.610+0.133

−0.129 −0.907+0.016
−0.017 −0.716+0.121

−0.123 −0.899+0.016
−0.016 −0.278+0.061

−0.059 −0.414+0.007
−0.008 −0.327+0.055

−0.056 −0.410+0.007
−0.007 34.23

NGC4041 −0.043+0.045
−0.059 −0.568+0.000

−0.073 −0.171+0.043
−0.043 −0.524+0.000

−0.086 −0.032+0.034
−0.044 −0.425+0.000

−0.054 −0.128+0.032
−0.032 −0.392+0.000

−0.064 15.91
NGC4189 0.462+0.230

−0.219 −2.432+0.049
−0.045 0.140+0.179

−0.180 −2.377+0.044
−0.045 0.087+0.043

−0.041 −0.457+0.009
−0.009 0.026+0.034

−0.034 −0.446+0.008
−0.008 36.98

NGC4278† − − − − − − − − 17.55
NGC4593† −0.784+0.166

−0.144 −0.566+0.302
−0.280 −0.453+0.131

−0.130 −0.743+0.000
−0.221 −0.242+0.051

−0.044 −0.175+0.093
−0.086 −0.140+0.040

−0.040 −0.229+0.000
−0.068 18.96

NGC4750† −1.384+0.309
−0.297 0.059+0.129

−0.127 −0.945+0.047
−0.051 −0.230+0.014

−0.014 −0.547+0.122
−0.118 0.023+0.051

−0.050 −0.374+0.019
−0.020 −0.091+0.006

−0.006 22.78
NGC5218† −0.585+0.127

−0.133 −0.757+0.000
−0.307 −0.492+0.111

−0.087 −0.744+0.017
−0.018 −0.164+0.035

−0.037 −0.211+0.000
−0.086 −0.137+0.031

−0.024 −0.208+0.005
−0.005 18.36

NGC5394 −0.229+0.068
−0.000 −0.620+0.000

−0.199 −0.220+0.063
−0.000 −0.621+0.008

−0.008 −0.112+0.033
−0.000 −0.304+0.000

−0.098 −0.108+0.031
−0.000 −0.305+0.004

−0.004 8.68
NGC5616 0.084+0.033

−0.033 −6.926+0.139
−0.142 −0.230+0.022

−0.021 −5.544+0.079
−0.080 0.006+0.002

−0.002 −0.478+0.010
−0.010 −0.016+0.002

−0.001 −0.383+0.005
−0.006 25.67

NGC5953† 0.014+0.030
−0.000 −0.363+0.003

−0.003 0.003+0.028
−0.000 −0.356+0.000

−0.083 0.015+0.034
−0.000 −0.410+0.003

−0.004 0.004+0.032
−0.000 −0.402+0.000

−0.094 6.56
NGC5957† −0.743+0.135

−0.132 −0.953+0.043
−0.046 −0.891+0.114

−0.115 −0.946+0.030
−0.030 −0.216+0.039

−0.038 −0.277+0.013
−0.013 −0.258+0.033

−0.033 −0.275+0.009
−0.009 27.57

NGC5963 0.002+0.021
−0.023 −0.285+0.000

−0.034 0.002+0.021
−0.022 −0.287+0.000

−0.049 0.003+0.032
−0.036 −0.445+0.000

−0.054 0.003+0.033
−0.034 −0.449+0.000

−0.077 14.20
NGC6027 −0.119+0.112

−0.115 −0.692+0.000
−0.333 −0.078+0.064

−0.061 −0.757+0.000
−0.191 −0.063+0.059

−0.061 −0.365+0.000
−0.176 −0.041+0.034

−0.032 −0.400+0.000
−0.101 6.33

NGC6140 0.066+0.036
−0.036 −0.832+0.008

−0.008 0.062+0.035
−0.034 −0.829+0.008

−0.008 0.041+0.023
−0.022 −0.517+0.005

−0.005 0.039+0.022
−0.021 −0.515+0.005

−0.005 25.55
NGC6217† 0.733+0.123

−0.119 −1.417+0.028
−0.028 0.431+0.106

−0.123 −1.131+0.015
−0.016 0.197+0.033

−0.032 −0.381+0.008
−0.008 0.116+0.028

−0.033 −0.304+0.004
−0.004 39.56

NGC6339 0.006+0.027
−0.026 −2.046+0.020

−0.020 0.007+0.026
−0.026 −2.048+0.020

−0.020 0.001+0.006
−0.006 −0.465+0.004

−0.005 0.002+0.006
−0.006 −0.465+0.004

−0.005 30.35
NGC6412 −0.023+0.097

−0.105 −1.509+0.020
−0.021 −0.021+0.091

−0.093 −1.512+0.020
−0.020 −0.008+0.032

−0.035 −0.504+0.007
−0.007 −0.007+0.030

−0.031 −0.505+0.007
−0.007 33.28

NGC7025 − − − − − − − − 17.77
NGC7437 0.178+0.633

−0.636 −1.696+0.510
−0.438 0.309+0.317

−0.344 −1.739+0.274
−0.243 0.051+0.183

−0.184 −0.490+0.147
−0.126 0.089+0.092

−0.099 −0.502+0.079
−0.070 23.72

NGC7479† −0.163+0.269
−0.243 −1.442+0.000

−0.907 −1.062+0.197
−0.148 −0.850+0.000

−0.528 −0.028+0.046
−0.041 −0.244+0.000

−0.153 −0.180+0.033
−0.025 −0.144+0.000

−0.089 36.28
NGC7591† −0.176+0.128

−0.143 −2.091+0.349
−0.395 −0.932+0.024

−0.024 −0.878+0.024
−0.026 −0.037+0.027

−0.030 −0.440+0.073
−0.083 −0.196+0.005

−0.005 −0.185+0.005
−0.005 14.11

NGC7738 1.485+0.969
−0.925 −4.966+2.236

−2.125 −0.148+0.210
−0.114 −2.113+0.048

−0.050 0.187+0.122
−0.117 −0.626+0.282

−0.268 −0.019+0.027
−0.014 −0.266+0.006

−0.006 17.43
NGC7787 0.165+0.061

−0.057 −1.301+0.050
−0.050 0.194+0.036

−0.037 −1.316+0.028
−0.026 0.052+0.019

−0.018 −0.415+0.016
−0.016 0.062+0.012

−0.012 −0.419+0.009
−0.008 6.99

PGC066559 − − − − −0.048+0.036
−0.036 −0.573+0.042

−0.044 −0.050+0.036
−0.036 −0.571+0.043

−0.042 −

(1) galaxy name; (2) to (5) slope and y-intercept estimations corresponding to the interstellar gas metallicity gradient when only and not only (all)
excited by photoionisation lines are used, computed as a function of the effective radius; (6) to (9) slope and y-intercept estimations corresponding
to the interstellar gas metallicity gradient when only and not only (all) excited by photoionisation lines are used; (10) effective radius. † Galaxies
classified as LINER or Seyfert in the literature.
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Appendix B: Gas metallicity gradients plots

Fig. B.1. Oxygen abundance (i.e. 12 + log(O/H)) estimations based in the calibration by Marino et al. (2013) as a function of galactocentric
distance. Gradients have been derived using the median values estimated for different galactocentric distance intervals. Within each galactocentric
distance interval, the median values of the data are represented by blue (red) squares. The blue dots represent metallicity measurements obtained
from all the spaxels while the red dots indicate those spaxels where the emission lines are originated in star-forming regions. The blue and red
bands indicate the results of our Bayesian linear best fits to the data with the same colour coding as for the individual measurements. The dark and
light shaded bands correspond to the confidence intervals at 1-σ and 2-σ levels, respectively. The black dot at the bottom left of the plot represents
the median error of all (blue) points.
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Fig. B.1. continued.
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Fig. B.1. continued.
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Fig. B.1. continued.
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Fig. B.1. continued.
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