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ABSTRACT
This work presents the first results of the Deep IFS View of Nuclei of Galaxies (DIVING3D)
survey.We analysed the nuclear emission-line spectra of a sub-samplewe callmini-DIVING3D,
which includes all Southern galaxies with B < 11.2 and |b| > 15◦. We verified that 23% ± 4%
of the galaxies show nuclear emission-line properties characteristic of Low Ionization Nuclear
Emission-LineRegions (LINERs). Diagnostic diagram analysis reveals an apparent dichotomy,
not detected in previous studies, between objects classified as H II regions and as LINERs or
Seyferts, with very few galaxies classified as transition objects. A possible explanation for this
result is that at least part of the transition objects are composite systems, with a central LINER
contaminated by the emission from circumnuclear H II regions. The higher spatial resolution
of the DIVING3D survey, in comparison with previous studies, allowed us to isolate the nuclear
emission from circumnuclear contaminations, reducing the number of transition objects. We
also propose an alternative scenario, in which the emission-line spectra of some transition
objects are the result of shock heating by central outflows, together with photoionization by
young stars. Clear evidence of active galactic nuclei (AGNs), in the optical and X-ray spectral
bands, were detected in 69% of the LINERs in the mini-DIVING3D sample. Considering the
entire mini-DIVING3D sample, evidence of AGNs were detected in 65% of the objects.

Key words: techniques: imaging spectroscopy – galaxies: active – galaxies: nuclei – galaxies:
Seyfert

1 INTRODUCTION

The central regions of galaxies are certainly very important com-
ponents of these large structures, as they may provide relevant in-
formation about the galactic formation and evolution. The nuclei
of some galaxies show continuum and emission-line properties in
their spectra that cannot be attributed only to stars. These are the
so-called Active Galactic Nuclei (AGNs), which, according to their
spectroscopic characteristics and luminosities, are divided into dif-
ferent classes, such as Quasars and Seyfert galaxies, for example.
It is now well accepted that the energy emitted by an AGN comes
from the accretion of matter onto a central supermassive black hole
(SMBH; see Netzer 2013 for a detailed discussion).

SMBHs seem to be present at the centre of every massive
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galaxy (Kormendy & Richstone 1995; Richstone et al. 1998). The
masses of these SMBHs show a clear correlation with the values
of the stellar velocity dispersion in the bulges of the host galaxies
(the M - 𝜎 relation; Ferrarese & Merritt 2000; Gebhardt et al.
2000; Gültekin et al. 2009). There are also similar correlations
between the masses of the central SMBHs and other parameters of
the host galaxies, such as the luminosities and the masses of the
bulges (e.g. Kormendy & Richstone 1995; Magorrian et al. 1998;
Hopkins et al. 2007; Saglia et al. 2016). Although less common,
lower mass black holes have also been detected at the centres of late-
type or even dwarf galaxies (e.g. Filippenko &Ho 2003; Dong et al.
2007). According to Xiao et al. (2011), such low-mass galaxies
seem to follow the same M - 𝜎 relation of the high-mass ones,
but with a larger scatter. These correlations between the central
SMBH and properties of the host galaxy are very significant, as
they reveal an apparent connection between the central SMBHs
(possibly associated with AGNs) and the formation/evolution of
the galaxies. It is worth mentioning, however, that, according to
Kormendy & Ho (2013), the coevolution scenario between SMBHs
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and the host galaxies is more complex than the statement above and
depends, for example, on the masses of the SMBHs. In addition,
Kormendy & Ho (2013) also argue that it is questionable whether
the low-mass galaxies follow an M - 𝜎 relation with a larger scatter
than the massive galaxies or they do not follow any correlation.

The presence of a SMBH at the centre of a galaxy is still dif-
ficult to be confirmed in many situations. Measurements of SMBH
masses are usually performed via the analysis of mega-maser emis-
sion, gas kinematics or stellar kinematics around the nucleus. Such
methods, however, have a number of limitations. The gas kinematics
technique can be affected by the presence of non-keplerian motions
(inflows or outflows, for example). The stellar kinematics method
usually can only be applied to objects without a large amount of
dust and with a high surface brightness. Considering the achievable
spatial resolutions, it is currently not possible to measure SMBH
masses much lower than ∼ 106𝑀� . For more details, see Ferrarese
& Ford (2005) and Kormendy & Ho (2013). Due to all these limita-
tions, the identification of central SMBHs in galaxies often depend
on alternative approaches, such as the detection of AGNs, which are
always associated with SMBHs. Considering that AGNs may have
a significant influence on the surrounding environment (Granato
et al. 2004; Springel et al. 2005; Hopkins & Hernquist 2006) and
that the corresponding SMBHs may show a connection with the
host galaxy, the search for AGNs and the determination of the frac-
tions of galaxies, with different morphological types, showing some
nuclear activity is certainly a field of great importance for the study
of the formation/evolution of these objects.

There are different methods for detecting central AGNs in
galaxies. A strong point-like X-ray or radio source at the nucleus
is usually indicative of an AGN (Ho 2008). In the optical, the most
used technique, developed by Baldwin et al. (1981) and modified by
Veilleux & Osterbrock (1987), involves the analysis of diagnostic
diagrams, which are graphs showing two pairs of emission-line
ratios. This method allows one to classify line-emitting nuclei in
HII regions, Seyferts, and Low Ionization Nuclear Emission-Line
Regions (LINERs; Kewley et al. 2001; Kauffmann et al. 2003;
Kewley et al. 2006; Schawinski et al. 2007).

The physical mechanisms responsible for the low-ionization
spectra of LINERs are still controversial. At first, the emission-
line spectra of LINERs were taken as the result of shock heating
(Heckman 1980). This model has been considerably improved in
later studies (Dopita & Sutherland 1995, 1996) and is still used to
explain the LINER emission in some objects. The photoionization
by young stars has also been proposed as a LINER mechanism
(Terlevich & Melnick 1985; Filippenko & Terlevich 1992; Shields
1992), although this scenario is usually not taken into account any-
more. Models of photoionization by hot low-mass evolved stars
(HOLMES; sometimes referred to as post-AGB stars, but includ-
ing nuclei of planetary nebulae and white dwarfs), on the other
hand, seem to be much more promising for explaining the ob-
served emission-line spectra of many LINERs (Binette et al. 1994;
Stasińska et al. 2008; Eracleous et al. 2010; Cid Fernandes et al.
2011). The acronym HOLMES was actually proposed by Flores-
Fajardo et al. (2011). Despite the variety of proposed models, one
of the most accepted ideas today is that a large amount of LINERs
are powered by accretion of matter onto SMBHs (Ferland & Netzer
1983; Halpern & Steiner 1983), i.e. many LINERs are authentic
AGNs, but with a lower ionization parameter. This last scenario has
been confirmed by the detection, in a significant fraction of LIN-
ERs, of central point-like X-ray and radio sources and of a broad
component of the H𝛼 emission line, which is also considered a
proof of the presence of an AGN (Ho 2008).

Certainly a very effective way of studying the properties of
the central regions of galaxies, including the detection of AGNs,
involves surveys. One of the most popular surveys of the central
regions of galaxies is the PALOMAR survey (Filippenko & Sargent
1985; Ho 2008), which obtained, with a slit of 2 arcsec × 4 arc-
sec, optical spectra of the central regions of all northern galaxies
brighter than B = 12.5. However, since this survey analysed only
long-slit spectra, it did not provide significant information about
the spatial morphology of the line-emitting regions in the galaxies.
Such information requires surveys performed with instruments ca-
pable of providing 3D spectroscopy, such as Integral Field Units
(IFUs). Examples of surveys involving this kind of technology
are: the Spectroscopic Areal Unit for Research on Optical Neb-
ulae (SAURON; Bacon et al. 2001); the ATLAS3D (Cappellari
et al. 2011); the Calar Alto Legacy Integral Field Area (CAL-
IFA; Sánchez et al. 2012); the Sydney-Australian-Astronomical-
Observatory Multi-object Integral-Field Spectrograph Galaxy Sur-
vey (SAMI; Bryant et al. 2015); the Mapping Nearby Galaxies at
APO (MaNGA; Bundy et al. 2015); the Siding Spring Southern
Seyfert Spectroscopic Snapshot Survey (S7; Dopita et al. 2015).
None of these IFU surveys involved data with a spatial resolution
better than ∼ 1 arcsec, which made it impossible for such studies to
efficiently isolate the nuclear emission from the circumnuclear one.

We are conducting the Deep IFS View of Nuclei of Galaxies
(DIVING3D; Steiner et al. 2022 - paper I) survey, with the goal of
observing, using 3D spectroscopy, the central regions of all galaxies
in the Southern hemisphere with B < 12.0 (according to the Revised
Shapley-Ames Catalogue of Bright Galaxies, RSA - Sandage &
Tammann 1981) and with a Galactic latitude |b| > 15◦. From this
selection, we excluded 11 Sm/Im objects, since it was not possible
to clearly identify their nuclei in the 2MASS images. The com-
plete final sample has a total of 170 objects. Most the observations
were taken, in the optical, with the IFU of the Gemini Multi-object
Spectrograph (GMOS), on the Gemini South and Gemini North
telescopes. Some observations are being taken with the SOAR In-
tegral Field Spectrograph (SIFS), on the SOAR telescope. The data
cubes provided by these instruments are seeing-limited, having a
combination of spatial and spectral resolutions not matched by pre-
vious surveys. It is worth emphasizing that the sub-arcsecond spatial
resolution of the DIVING3D survey is mainly due to the observing
conditions we established for the observations, which resulted in
a median seeing of 0.7 arcsec for the sample. However, the data
treatment we apply (see Section 2) improves the spatial resolution
even more. In principle, such a treatment procedure could be ap-
plied to data of previous surveys, as long as a reliable estimate of
the point spread function (PSF) was available. However, consider-
ing the typical improvements in the spatial resolution provided by
our treatment procedure and, depending on the spatial resolution
of the survey, even such a treatment would not be enough to result
in a sub-arcsecond spatial resolution, as the one obtained in the
DIVING3D survey.

In this paper, we present the first results of the analysis of the
DIVING3D sample, focused on the nuclear emission-line proper-
ties of all galaxies brighter than B=11.2. We call this sub-sample
the mini-DIVING3D, which has a total of 57 objects. Fig. 1 shows
the distribution of the apparent B magnitudes of the sample. We
also computed the 𝑉/𝑉𝑚𝑎𝑥 ratio of each source, where 𝑉 is the
volume of a sphere centred on the observer and with a radius that
corresponds to the distance of the object and𝑉𝑚𝑎𝑥 is the maximum
volume that the object may have and still be included in the sam-
ple. We found 〈𝑉/𝑉𝑀𝐴𝑋 〉 = 0.506±0.038 for the mini-DIVING3D
sample. According to Schmidt (1968), a sample is uniformly dis-

MNRAS 000, 1–20 (2022)



The DIVING3D Survey II 3

Figure 1.Distribution of the apparent B magnitudes of the mini-DIVING3D
sample.

tributed in space if 〈𝑉/𝑉𝑀𝐴𝑋 〉 = 0.5, which is the case for the
mini-DIVING3D sample.

The paper is structured as follows. In Section 2, we describe
the observations, the reduction, and also the treatment procedure
applied to the data cubes. In Section 3, we present the data analysis
procedure and the results are shown in Section 4. In Section 5, we
discuss and compare our results with those of previous studies. We
draw our conclusions in Section 6.

2 OBSERVATIONS, REDUCTION, AND DATA
TREATMENT

The GMOS/IFU data cubes were reduced using the Gemini pack-
age under the iraf environment. The reduction procedure included
the following basic steps: trimming, overscan and bias subtrac-
tion, cosmic-ray removal, correction of bad pixels, extraction of
the spectra, correction for fibre-to-fibre and for pixel-to-pixel gain
variations, wavelength calibration, sky subtraction, flux calibration,
and data cube construction. The reduction procedure resulted in data
cubes with spatial pixels (spaxels) of 0.05 arcsec. Each lenslet of
GMOS/IFU corresponds to a hexagon with a radius of 0.18 arcsec;
therefore reducing the data cubes obtained with this instrument with
spaxels of 0.05 arcsec corresponds to an oversampling of the data.
We opted for this procedure because such an oversampling resulted
in higher spatial resolutions when the Richardson-Lucy deconvo-
lution, which is part of our data treatment procedure, as explained
below, was applied (for more detail, see Menezes et al. 2019).

The SIFS data cubes were reduced using scripts developed
in Interactive Data Language (IDL). The process is similar to that
applied to GMOS/IFU data and resulted in data cubes with spaxels
of 0.3 arcsec. See paper I for further detail about the observations
and data reduction.

After the data reduction, we applied a treatment procedure, de-
veloped by our working group, to the obtained data cubes (Menezes
et al. 2019). This process included: differential atmospheric refrac-
tion correction, combination of the data cubes in the form of a me-
dian (for the objects with multiple exposures), Butterworth spatial
filtering, ‘instrumental fingerprint’ removal, and Richardson-Lucy
deconvolution. The treatment procedure was essentially the same
for GMOS/IFU and SIFS data cubes, except for the fact that, in

the case of SIFS data cubes, no differential atmospheric correction
was applied, since SOAR has an Atmospheric Dispersion Corrector
installed, and a spatial re-sampling (to obtain spaxels of 0.1 arcsec)
was applied before the Butterworth spatial filtering. For more infor-
mation about this treatment procedure, see Menezes et al. (2014a,
2015) and paper I.

Table 1 shows the observational parameters of the galaxies in
the mini-DIVING3D sample. In particular, the values of the final
full-width at half-maximum (FWHM) of the point spread func-
tion (PSF), at 5500 Å, of each data cube, after the data treatment
(FWHM(5500)𝑡𝑟𝑒𝑎𝑡𝑒𝑑), are presented. For the objects with a cen-
tral AGN and with a broad component of the H𝛼 emission line, the
FWHM of the PSF, at the wavelength of H𝛼, was estimated, after
the data treatment, by constructing an image of the blue or red wing
of the broad component of H𝛼. The reason for this procedure is that
the emitting region of the broad components of permitted emission
lines in AGNs (Broad Line Region - BLR) is very compact and
should be point-like in images with the GMOS/IFU or SIFS spatial
resolutions. FWHM(5500)𝑡𝑟𝑒𝑎𝑡𝑒𝑑 was then calculated using the
following equation, which was deduced from the behaviour of the
FWHM with the wavelength (_) observed in data cubes of standard
stars (Menezes et al. 2019):

𝐹𝑊𝐻𝑀 (_) = 𝐹𝑊𝐻𝑀𝑟𝑒 𝑓 ·
(

_

_𝑟𝑒 𝑓

)𝛼
, (1)

where FWHM𝑟𝑒 𝑓 is the FWHM at _𝑟𝑒 𝑓 . For the calculation of
FWHM(5500)𝑡𝑟𝑒𝑎𝑡𝑒𝑑 , FWHM𝑟𝑒 𝑓 was taken as the FWHM of the
point-like structure in the image of the broad component of H𝛼 and
_𝑟𝑒 𝑓 was taken as the wavelength of such an image. We assumed
𝛼 = -0.3 for GMOS/IFU data cubes and 𝛼 = -0.05 for SIFS data
cubes, which are average values estimated from different data cubes
of standard stars.

For the objects without a central AGN but with available Hub-
ble Space Telescope (HST) images, FWHM(5500)𝑡𝑟𝑒𝑎𝑡𝑒𝑑 was es-
timated using the following procedure: first we assumed an initial
value of FWHM(5500) and then constructed a synthetic data cube,
using equation (1), containing the PSFs for the entire spectral range
of the original data cube. After that, we integrated the resulting
data cube along the spectral axis taking into account the response
curve of the filter of the HST image available for the object. We
convolved the integrated image with the HST image and calculated
the 𝜒2 between the result of this convolution and the image of the
original data cube integrated along the spectral axis, also taking
into account the response curve of the HST filter. Finally we var-
ied the initial value of FWHM(5500) and repeated this procedure
in order to minimize the 𝜒2 and determine the best estimate for
FWHM(5500)𝑡𝑟𝑒𝑎𝑡𝑒𝑑 .

For the remaining objects without a central AGN and with-
out an available HST image, the following procedure was adopted
to determine FWHM(5500)𝑡𝑟𝑒𝑎𝑡𝑒𝑑 . First, we estimated the value
of the FWHM of the PSF at 6300 Å before the data treatment
(FWHM(6300)𝑛𝑜𝑛 𝑡𝑟𝑒𝑎𝑡𝑒𝑑) from the acquisition image. Then, the
FWHM of the PSF at 5500 Å, also before the data treatment
(FWHM(5500)𝑛𝑜𝑛 𝑡𝑟𝑒𝑎𝑡𝑒𝑑), was calculated using equation (1). Fi-
nally, the value of FWHM(5500)𝑡𝑟𝑒𝑎𝑡𝑒𝑑 was taken as 79% of
FWHM(5500)𝑛𝑜𝑛 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 for data cubes in which the Richardson-
Lucy deconvolution was applied using 6 iterations and as 68% of
FWHM(5500)𝑛𝑜𝑛 𝑡𝑟𝑒𝑎𝑡𝑒𝑑 for data cubes in which the Richardson-
Lucy deconvolution was applied using 10 iterations. These percent-
ageswere estimated based on previous tests performed on data cubes
of standard stars. It is worth mentioning that the Richardson-Lucy
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Table 1. Observational parameters of the galaxies in the mini-DIVING3D sample. The morphological types were obtained from NASA Extragalactic Database
(NED) and the magnitudes at the B band were taken from RSA. The values of the FWHM of the PSF at 5500 Å (FWHM(5500)𝑡𝑟𝑒𝑎𝑡𝑒𝑑), in arcsec, were
estimated from the data cubes after the treatment procedure and the distances, together with the corresponding references, required to calculate these same
values in pc are shown in Table 1 of paper I.

Galaxy Morphological Magnitude Programme ID (PI) Exposure FWHM(5500)𝑡𝑟𝑒𝑎𝑡𝑒𝑑 FWHM(5500)𝑡𝑟𝑒𝑎𝑡𝑒𝑑
type at the B band time (s) (arcsec) (pc)

GMOS-IFU

NGC 134 SAB(s)bc 10.96 GS-2014B-Q-30 (J. E. Steiner) 3 × 930 0.46 41
NGC 157 SAB(rs)bc 11.04 GS-2014B-Q-30 (J. E. Steiner) 3 × 930 0.34 21
NGC 247 SAB(s)d 9.51 GS-2014B-Q-30 (J. E. Steiner) 3 × 930 0.49 7.9
NGC 253 SAB(s)c 8.13 GS-2013B-Q-33 (R. B. Menezes) 3 × 910 0.48 7.1
NGC 300 SA(s)d 8.70 GS-2013B-Q-20 (T. V. Ricci) 1 × 1800 0.49 5.2
NGC 613 SB(rs)bc 10.75 GS-2014B-Q-30 (J. E. Steiner) 3 × 930 0.51 53
NGC 720 E5 11.15 GS-2013B-Q-20 (T. V. Ricci) 1 × 1800 1.29 190
NGC 908 SA(s)c 10.87 GS-2014B-Q-30 (J. E. Steiner) 3 × 930 0.57 51
NGC 936 SB0 11.19 GS-2014B-Q-30 (J. E. Steiner) 3 × 630 0.63 61
NGC 1068 (R)SA(rs)b 9.55 GS-2010B-Q-81 (J. E. Steiner) 6 × 830 0.73 36
NGC 1097 SB(s)b 10.16 GS-2016B-Q-25 (J. E. Steiner) 3 × 565 0.46 34
NGC 1187 SB(r)c 10.93 GS-2014B-Q-30 (J. E. Steiner) 3 × 930 0.57 59
NGC 1291 (R)SB0/a(s) 9.42 GS-2014B-Q-30 (J. E. Steiner) 3 × 630 0.50 21
NGC 1300 SB(rs)bc 11.10 GS-2013B-Q-20 (T. V. Ricci) 1 × 1800 0.41 29
NGC 1313 SB(s)d 9.37 GS-2012B-Q-52 (R. B. Menezes) 3 × 589 0.55 9.9
NGC 1316 SAB0 9.60 GS-2013B-Q-20 (T. V. Ricci) 1 × 1800 0.75 76
NGC 1365 SB(s)b 10.21 GS-2014B-Q-30 (J. E. Steiner) 3 × 630 0.57 38
NGC 1380 SA0 11.10 GS-2008B-Q-21 (J. E. Steiner) 1 × 1800 1.01 100
NGC 1395 E2 11.18 GS-2013B-Q-20 (T. V. Ricci) 1 × 1800 0.85 100
NGC 1398 (R’)SB(r)ab 10.60 GS-2015B-Q-25 (J. E. Steiner) 3 × 565 0.35 49
NGC 1399 E1 10.79 GS-2008B-Q-21 (J. E. Steiner) 1 × 1800 0.95 97
NGC 1404 E1 11.06 GS-2008B-Q-21 (J. E. Steiner) 1 × 1800 0.71 65
NGC 1407 E0 10.93 GS-2013B-Q-20 (T. V. Ricci) 1 × 1800 0.73 89
NGC 1433 (R’)SB(r)ab 10.68 GS-2015B-Q-25 (J. E. Steiner) 3 × 565 0.52 21
NGC 1549 E0-1 10.76 GS-2013B-Q-20 (T. V. Ricci) 1 × 1800 0.65 51
NGC 1553 SA0 10.42 GS-2014B-Q-30 (J. E. Steiner) 3 × 630 0.60 28
NGC 1559 SB(s)cd 10.97 GS-2013B-Q-74 (R. B. Menezes) 3 × 1000 0.42 24
NGC 1566 SAB(s)bc 10.21 GS-2013B-Q-33 (R. B. Menezes) 3 × 910 0.72 63
NGC 1574 SA0 11.19 GS-2013B-Q-20 (T. V. Ricci) 1 × 1800 0.81 79
NGC 1672 SB(s)b 11.03 GS-2015B-Q-25 (J. E. Steiner) 3 × 565 0.40 22
NGC 1792 SA(rs)bc 10.85 GS-2014B-Q-30 (J. E. Steiner) 3 × 930 0.50 26
NGC 1808 (R)SAB(s)a 10.70 GS-2015B-Q-25 (J. E. Steiner) 3 × 565 0.45 21
NGC 2442 SAB(s)bc 11.16 GS-2014A-Q-5 (J. E. Steiner) 3 × 815 0.61 59
NGC 2835 SB(rs)c 10.95 GS-2015A-Q-3 (J. E. Steiner) 3 × 865 0.37 16
NGC 2997 SAB(rs)c 10.32 GS-2014B-Q-30 (J. E. Steiner) 3 × 930 0.52 33
NGC 3115 S0 9.98 GS-2013A-Q-52 (T. V. Ricci) 1 × 1800 0.67 31
NGC 3585 E6 10.93 GS-2013A-Q-52 (T. V. Ricci) 1 × 1800 0.58 37
NGC 3621 SA(s)d 10.03 GS-2014A-Q-5 (J. E. Steiner) 3 × 815 0.40 12
NGC 3923 E4-5 10.91 GS-2013A-Q-52 (T. V. Ricci) 1 × 1800 0.71 55
NGC 4030 SA(s)bc 11.07 GN-2014A-Q-3 (J. E. Steiner) 3 × 960 0.52 75
NGC 4594 SA(s)a 9.28 GS-2011A-Q-67 (R. B. Menezes) 3 × 595 0.73 77
NGC 4697 E6 10.11 GN-2014A-Q-3 (J. E. Steiner) 3 × 960 0.45 27
NGC 4699 SAB(rs)b 10.44 GS-2013A-Q-52 (T. V. Ricci) 1 × 1800 0.64 61
NGC 4753 I0 10.85 GS-2015A-Q-3 (J. E. Steiner) 3 × 565 0.47 55
NGC 5068 SAB(rs)cd 10.53 GS-2015A-Q-3 (J. E. Steiner) 3 × 865 0.27 8.8
NGC 5102 SA0 10.64 GS-2015A-Q-3 (J. E. Steiner) 3 × 565 0.42 8.1
NGC 5128 S0 7.89 GS-2015A-Q-3 (J. E. Steiner) 3 × 565 0.27 4.6
NGC 5236 SAB(s)c 8.51 GS-2014A-Q-5 (J. E. Steiner) 3 × 815 0.44 10
NGC 5247 SA(s)bc 11.10 GS-2015A-Q-3 (J. E. Steiner) 3 × 865 0.39 42
NGC 5643 SAB(rs)c 10.89 GS-2014A-Q-5 (J. E. Steiner) 3 × 815 0.41 34
NGC 6744 SAB(r)bc 9.24 GS-2014A-Q-5 (J. E. Steiner) 3 × 815 0.35 13
NGC 7090 SBc 11.10 GS-2015B-Q-25 (J. E. Steiner) 3 × 884 0.45 14
NGC 7213 SA(s)a 11.18 GS-2015A-Q-3 (J. E. Steiner) 3 × 565 0.70 75
NGC 7424 SAB(rs)cd 10.99 GS-2013A-Q-82 (R. B. Menezes) 3 × 808 0.38 21
NGC 7793 SA(s)d 9.65 GS-2016B-Q-25 (J. E. Steiner) 3 × 865 0.44 8.0

SIFS

NGC 1232 SAB(rs)c 10.50 Science verification 3 × 1200 1.66 120
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deconvolution was applied to each frame of the data cube with the
width of the PSF given by equation (1). Such a procedure reduced
the FWHM values of the PSF at each frame of the data cube, but
did not change the dependence of the PSF with the wavelength. For
further detail, see Menezes et al. (2019).

3 DATA ANALYSIS

3.1 Extraction of the nuclear spectra and subtraction of the
stellar continuum

The analysis of the nuclear emission of each galaxy in the mini-
DIVING3D sample, avoiding contaminations from the circumnu-
clear region, requires the extraction of the nuclear spectrum of each
treated data cube. Such a spectrum was extracted from a circular
region, centred on the peak of the stellar emission of the galaxy.
The radius of this circular region was taken as half of the FWHM
of the PSF at the median wavelength of the data cube, which was
calculated using equation (1) and the values of the FWHM of the
PSF at 5500 Å (see Table 1). The radius of the extraction region was
kept constant along the entire spectral axis of the data cube. The
reason is that the alpha exponent in equation (1) is somewhat un-
certain. Our tests showed that such an uncertainty usually does not
cause problems for the deconvolution procedure, but may introduce
significant imprecisions during the nuclear spectra extraction, pos-
sibly resulting, in certain cases, in extracting apertures larger than
expected and, as a consequence, in contaminations of the nuclear
spectra by the circumnuclear emission.

Based on tests performed using data cubes of standard stars, we
verified that, after the Richardson-Lucy deconvolution (the last step
of our data treatment procedure), performed assuming a PSF given
by a Moffat function, the resulting PSF of the data cube has a nearly
Gaussian shape (Menezes et al. 2019) and the flux of a point-like
source extracted from a circular region (centred at the source) with a
radius equal to half of the FWHM of the PSF corresponds to ∼ 47%
of the total flux of the source. Considering that, wemultiplied all the
extracted spectra by a constant, in order to correct the flux values
for the inaccuracy introduced by the extraction procedure involving
a circular region.

We corrected the extracted spectra for the Galactic extinction,
using the 𝐴𝑉 from Schlafly & Finkbeiner (2011) and the extinction
law of Cardelli et al. (1989).

The subtraction of the stellar continuum from the extracted
nuclear spectra, which is necessary for a reliable analysis of the
emission-line properties, was performed with the Penalized Pixel
Fitting technique (pPXF - Cappellari 2017). This method corre-
sponds to the fitting of the stellar spectrum of a given object by
a combination of template stellar population spectra from a base.
Such template spectra are convolved with a Gauss-Hermite expan-
sion, in order to reproduce the widths and profiles of the stellar
absorption lines. We used a base of stellar population spectra with
simple stellar population (SSP) models obtained with the code de-
scribed in Vazdekis et al. (2010), based on the Medium-resolution
Isaac Newton Telescope Library of Empirical Spectra (MILES;
Sánchez-Blázquez et al. 2006). The base was elaborated using a
Kroupa universal initial mass function, with a slope of 1.3, and the
isochrones of the Bag of Stellar Tracks and Isochrones (BaSTI; Hi-
dalgo et al. 2018). The final base has a range of stellar metallicities
([M/H]) from -0.66 to +0.40 and a range of stellar population ages
from 3 × 107 yr to 1.3 × 1010 yr. The pPXF technique provides the
values of different parameters related to the stellar kinematics of the

observed object, such as the stellar radial velocity, the stellar velocity
dispersion, and the ℎ3 and ℎ4 Gauss-Hermite coefficients. Besides
that, it also provides a synthetic stellar spectrum corresponding to
the fit obtained with the procedure. We applied the pPXF method
to the nuclear spectrum extracted from each galaxy of the sample
and then subtracted from it the resulting synthetic stellar spectrum,
which resulted in spectra containing only emission lines.

In this work, we included additive Legendre polynomials to
the pPXF fits applied to the extracted nuclear spectra, to remove
possible low-frequency spectral features remaining from the data
reduction and, therefore, to improve the quality of the fits. The or-
der of such polynomials was kept in the range between 4 and 10
and was determined for each object, with the main goal of achiev-
ing a precise starlight subtraction, without introducing artefacts to
the remaining emission lines. Since only the stellar continuum and
absorption lines are fitted by the pPXF method, all the wavelength
intervals possibly containing the emission lines H𝛽, [O iii]_5007,
[O i]_6300, [N ii]__6548,6583, H𝛼, and [S ii]__6716,6731 (which
are essential for the analyses in the following sections) weremasked.
The specific boundaries of these intervals were established for each
object, at the borders of the emission lines. The typical width of
a wavelength interval used to mask an emission line with a given
FWHM was ∼ 4 × 𝐹𝑊𝐻𝑀 . More intervals were added to objects
showing additional emission lines. As explained in paper I, the
GMOS/IFU observations of early-type galaxies (with morphologi-
cal types E, S0 - Sb) in the DIVING3D survey were taken with the
B600 grating, which provided a spectral coverage of 4250 - 7000
Å. On the other hand, the late-type galaxies (with morphological
types Sbc - Sd) in the DIVING3D sample were observed with the
R831 grating, resulting in a wavelength coverage of 4800 - 6890
Å. The SIFS observations were taken with a grating of 700 lmm−1,
providing a spectral coverage of 4500 - 7300 Å. The pPXF fits were
applied to the entire spectral range of the extracted nuclear spectra.

We performed tests of running pPXF fits on the extracted nu-
clear spectra, adding Gaussian random distributions of noise (which
were also obtained from the extracted spectra). At the end, we con-
cluded that these different runs resulted in fit residuals without
significant differences, as the 𝜒2 of the fits were very similar and
the same residual features (usually associated with stellar absorp-
tion lines not properly subtracted) were detected in all runs. This test
revealed that the error related to the problem of reproducing a real
stellar spectrum with the use of a limited base is more significant
than the error associated with the spectral noise. This information is
also relevant for the determination of the uncertainties of integrated
fluxes of emission lines, as discussed in Section 3.2.

Appendix A shows the nuclear spectra extracted from the data
cubes of themini-DIVING3D sample, together with the fits provided
by the pPXF technique and the fit residuals.

3.2 Correction of the interstellar extinction and calculation
of the emission-line ratios

In order to correct the starlight-subtracted nuclear spectra for the
interstellar extinction, at the observed objects, we calculated the
integrated fluxes of the H𝛼 and H𝛽 emission lines and also the
H𝛼/H𝛽 emission-line ratio (Balmer decrement). For the galaxies
without blended emission lines, these fluxeswere obtained via direct
integration of the emission lines. On the other hand, for the objects
with blended emission lines, we adopted the following approach:
first we fitted the [S ii]__6716,6731 emission lines with a sum of
two sets of Gaussian functions. Each of these sets contained two
Gaussians with the same width and radial velocity. The result was
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that each [S ii] emission line was fitted with a sum of two Gaussian
functions, each one with a specific width and radial velocity. After
that, we fitted the H𝛼+[N ii]__6548,6583 emission lines with a
sum of two sets of three Gaussian functions. In this case, each set
contained three Gaussians with the same width and radial velocity
of the corresponding set used to fit the [S ii] emission lines. In other
words, we used the [S ii]__6716,6731 emission lines as an empirical
template to fit the H𝛼+[N ii]__6548,6583 emission lines. We also
took into account, for each set of Gaussians, the theoretical ratio of
[N ii]_6583/[N ii]_6548 = 3.06 (Osterbrock & Ferland 2006).

For the objects in which the sets of narrow Gaussians were
not sufficient to reproduce the profile of the H𝛼+[N ii]__6548,6583
emission lines, a broad Gaussian was added to the fit, in order to
reproduce a broad component of H𝛼. This procedure (also adopted
by Ho et al. 1997b) provided the integrated flux of the narrow com-
ponent of H𝛼 (corresponding to the sum of the integrated fluxes
of the two narrow Gaussians used to fit H𝛼). A few variations of
this procedure, however, had to be applied to specific objects. For
NGC 720, NGC 1097, NGC 1365, NGC 1399, NGC 1404, NGC
1574, NGC 3585, and NGC 7213, only one Gaussian was necessary
to fit the narrow component of each emission line. In the case of
NGC 1404, the [S ii] lines were not detected and, because of that,
the Gaussian fits were only applied to the H𝛼+[N ii]__6548,6583
emission lines. For NGC 1365, the broad component of H𝛼 was fit-
ted by two broad Gaussians. For NGC 1097 (e.g. Storchi-Bergmann
et al. 1993, 2003) and NGC 7213 (e.g. Phillips 1979; Schimoia et al.
2017), a broad emission from a relativistic disc was detected in H𝛼
and H𝛽. Such an emission was modelled and subtracted using the
formalism of Chen & Halpern (1989). Finally, due to the fact that
the presence of a broad component of H𝛼 is uncertain for NGC 720
and NGC 1291, two versions (with and without a broad H𝛼) of the
Gaussian fits were applied to the H𝛼+[N ii]__6548,6583 emission
lines in the nuclear spectra of these galaxies.

The broad component of H𝛼 was not taken into account in
the correction of the interstellar extinction. The integrated flux of
the narrow component of H𝛽 was obtained via direct integration,
except for the objects with a broad component of this line. In such
cases (NGC 1068, NGC 1097, NGC 1365, NGC 1566, and NGC
7213), we fitted the H𝛽 emission line with a sum of one (NGC
1097 and NGC 7213) or two (NGC 1068, NGC 1365, and NGC
1566) narrow and one broad Gaussians, each one with the same
widths and radial velocities of the Gaussians used to fit the H𝛼+[N
ii]__6548,6583 lines. The Balmer decrement was calculated by
dividing the integrated flux of the narrow component of H𝛼 by the
integrated flux of the narrow component of H𝛽 (see Table 2).

The correction of the interstellar extinction was applied to the
starlight-subtracted nuclear spectra taking into account the obtained
values of the Balmer decrement, the extinction law of Cardelli et al.
(1989), and assuming an intrinsic Balmer decrement of 3.10 for ob-
jects with emission line ratios characteristic of Seyferts or LINERs
and of 2.86 for the remaining objects (Osterbrock & Ferland 2006).
For the galaxies in which the H𝛽 emission line was not detected,
the Balmer decrement was not determined and, as consequence, no
interstellar extinction was applied. Appendix B shows all the Gaus-
sian fits applied to the spectra of the objects with blended emission
lines, after the correction of the interstellar extinction.

Finally, the emission-line ratios [N ii]_6583/H𝛼, [S ii](_6716
+ _6731)/H𝛼, [O i]_6300/H𝛼, and [O iii]_5007/H𝛽 were calcu-
lated. For the objects without blended emission lines, the required
fluxes of the emission lines were determined via direct integration.
However, for the objects with blended emission lines, the Gaussian
fitting methodology described above was applied. The uncertainty

for the integrated flux of each line, determined via direct integration,
was estimated using the following procedure: we established three
wavelength intervals for the integration of the line: the first one in-
cludes the line and a small margin close to its wings, the second is a
shorter interval, containing the line but essentially with no margin,
and the third is a larger interval, containing the line and also a larger
margin. We also constructed a histogram of the flux values within
a wavelength interval without emission lines and then fitted such a
histogramwith a Gaussian function. After that, we created Gaussian
distributions of random noise with the same width of the Gaussian
fitted to the original histogram. These random distributions were
added to the emission line and the resulting “noisy” lines were in-
tegrated using the three wavelength intervals mentioned above. The
uncertainty of the integrated flux of the emission line was taken
as the standard deviation of all integrated fluxes obtained with this
procedure.

In the case of objects with blended emission lines, the ap-
proach for estimating the uncertainties of the fluxes of the lines was
analogous: the Gaussian fitting of the blended lines was repeated
after adding Gaussian distributions of random noise to the lines
and assuming different wavelength intervals in the process. The ap-
proach of adding Gaussian random noise to the data and integrating
the line with different wavelength intervals allows us to obtain an
uncertainty that takes into account not only the effect of the spectral
noise, but also the effect of the residuals from the starlight subtrac-
tion (which are more significant when larger wavelength intervals
are used for the integration). For the objects with blended emission
lines, the obtained uncertainties also take into account degenera-
cies and instabilities of the line-fitting procedure with Gaussians.
We used, for all objects, the same criterion for determining the
wavelength interval for the integration of each emission line, which
included the line and a small margin close to its wings. The shorter
and larger intervals mentioned above were only used for estimating
the uncertainties of the integrated fluxes.

It is worth emphasizing that, as long as all the fluxes of the
emission lines are measured with the same process, the effect of
using a shorter or a larger wavelength interval for the integration
of all of them is not random. Using, for example, a larger wave-
length interval for the integration will result in lower fluxes for, at
least, certain groups of objects (which is caused by the inclusion, in
these larger intervals, of residuals from the starlight subtraction).We
also verified that, for most of the objects, the effect of the starlight
subtraction residuals (which is not random) on the uncertainties is
significantly higher than the effect of the spectral noise (which is
random). This is consistent with what was discussed in Section 3.1.
The uncertainties of the [N ii]_6583/H𝛼, [S ii](_6716 + _6731)/H𝛼,
[O i]_6300/H𝛼, and [O iii]_5007/H𝛽 emission-line ratios were de-
termined with a simple propagation, using the variance formula,
based on the uncertainties obtained for the integrated fluxes of the
individual emission lines.

4 RESULTS

Table 2 shows the values of the following quantities calculated from
the starlight-subtracted nuclear spectra: the Balmer decrement, be-
fore the interstellar extinction correction; the luminosity of the nar-
row component of the H𝛼 emission line, 𝐿𝐻𝛼 (𝑁𝑎𝑟𝑟𝑜𝑤), after the
interstellar extinction correction (for the cases in which such a cor-
rection was applied); the ratio between the integrated fluxes of the
broad and narrow components of H𝛼, H𝛼(𝐵𝑟𝑜𝑎𝑑)/H𝛼(𝑁𝑎𝑟𝑟𝑜𝑤),
whenever the former was detected; the ratio [S ii]_6716/[S ii]_6731,
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Table 2. Column (1): identification. Column (2): Balmer decrement of the starlight-subtracted spectra. Column (3): luminosity of the narrow H𝛼 component,
calculated, after the interstellar extinction correction, using the distance values given in paper I. Column (4): ratio of the broad (when detected) and narrow
H𝛼 components. Column (5): ratio [S ii]_6716/[S ii]_6731, after the interstellar extinction correction.

Galaxy H𝛼/H𝛽 L𝐻𝛼 (𝑁𝑎𝑟𝑟𝑜𝑤) (1038) erg s−1 H𝛼(𝐵𝑟𝑜𝑎𝑑)/H𝛼(𝑁𝑎𝑟𝑟𝑜𝑤) [S ii]_6716/[S ii]_6731
(1) (2) (3) (4) (5)

NGC 134 8 ± 4 4.99 ± 0.19 - 0.98 ± 0.10
NGC 157 11 ± 9 3.55 ± 0.08 - 1.33 ± 0.28
NGC 247 - (2.0 ± 0.5) × 10−3 - -
NGC 253 5.7 ± 0.3 (5.863 ± 0.013) × 10−1 - 1.05 ± 0.04
NGC 300 - - - -
NGC 613 6.3 ± 0.4 (5.002 ± 0.029) × 10 - 1.18 ± 0.05
NGC 720(n)* - 4.07 ± 0.10 - 0.91 ± 0.23
NGC 720(b)* - 2.54 ± 0.21 1.8 ± 0.4 0.91 ± 0.23
NGC 908 4.19 ± 0.25 (1.30 ± 0.04) × 10 - 1.03 ± 0.06
NGC 936 4.8 ± 0.6 (1.59 ± 0.04) × 10 - 1.16 ± 0.21
NGC 1068 3.383 ± 0.013 (1.264 ± 0.003) × 102 4.537 ± 0.011 0.68 ± 0.03
NGC 1097** 5.2 ± 0.4 3.94 ± 0.05 2.51 ± 0.07 1.12 ± 0.13
NGC 1187 4.277 ± 0.025 (1.740 ± 0.008) × 102 - 0.862 ± 0.023
NGC 1232 - - - -
NGC 1291(n)* 5.0 ± 0.5 (6.06 ± 0.17) × 10 - 1.14 ± 0.05
NGC 1291(b)* 4.3 ± 0.4 (3.77 ± 0.12) × 10 0.72 ± 0.07 1.14 ± 0.05
NGC 1300 6.6 ± 0.7 4.43 ± 0.13 - 1.09 ± 0.09
NGC 1313 3.36 ± 0.13 (1.84 ± 0.06) × 10−1 - 1.44 ± 0.08
NGC 1316 8.7 ± 1.2 (1.63 ± 0.04) × 102 - 1.23 ± 0.14
NGC 1365 3.10 ± 0.09 4.697 ± 0.022 37.4 ± 0.3 0.989 ± 0.021
NGC 1380 8 ± 3 (3.54 ± 0.06) × 10 - 1.13 ± 0.05
NGC 1395 - 2.50 ± 0.27 - 1.44 ± 0.07
NGC 1398 3.4 ± 0.6 (7.67 ± 0.22) × 10−1 - 1.34 ± 0.11
NGC 1399 - (1.50 ± 0.17) × 10 - -
NGC 1404 - (7.9 ± 0.7) × 10−1 - -
NGC 1407 - - - -
NGC 1433 5.32 ± 0.13 4.07 ± 0.09 - 1.15 ± 0.07
NGC 1549 - - - -
NGC 1553 14 ± 7 (3.26 ± 0.22) × 102 - 1.03 ± 0.05
NGC 1559 5.1 ± 1.5 (5.86 ± 0.26) × 10−1 - 1.4 ± 0.5
NGC 1566 3.72 ± 0.04 (3.822 ± 0.009) × 10 3.473 ± 0.014 0.84 ± 0.11
NGC 1574 5.4 ± 1.5 (1.274 ± 0.027) × 10 1.19 ± 0.15 0.97 ± 0.13
NGC 1672 7.94 ± 0.27 9.95 ± 0.18 - 1.02 ± 0.05
NGC 1792 7.8 ± 1.1 7.30 ± 0.04 - 1.03 ± 0.03
NGC 1808 8.10 ± 0.25 (1.447 ± 0.003) × 102 - 0.63 ± 0.05
NGC 2442 5.06 ± 0.15 (3.60 ± 0.06) × 10 - 0.97 ± 0.05
NGC 2835 - (6.2 ± 0.4) × 10−3 - 1.23 ± 0.27
NGC 2997 2.8 ± 1.7 (2.38 ± 0.11) × 10−1 - 1.17 ± 0.16
NGC 3115 - (4.2 ± 0.5) × 10−1 0.98 ± 0.28 0.84 ± 0.18
NGC 3585 6 ± 3 (9.2 ± 0.4) × 10 - 1.37 ± 0.07
NGC 3621 - (1.03 ± 0.26) × 10−2 - -
NGC 3923 - - - -
NGC 4030 6 ± 3 4.30 ± 0.24 - 1.4 ± 1.1
NGC 4594 4.6 ± 0.5 (8.78 ± 0.27) × 10 2.24 ± 0.13 0.84 ± 0.05
NGC 4697 4.8 ± 2.2 (6.3 ± 0.5) × 10−1 - 1.6 ± 0.4
NGC 4699 8 ± 4 (4.28 ± 0.03) × 102 - 1.12 ± 0.11
NGC 4753 5.6 ± 1.1 (5.85 ± 0.17) × 10 - 1.06 ± 0.08
NGC 5068 3.11 ± 0.27 (4.09 ± 0.15) × 10−2 - 1.32 ± 0.10
NGC 5102 3.3 ± 0.7 (2.59 ± 0.06) × 10 - -
NGC 5128 5.3 ± 1.7 (1.41 ± 0.04) × 10−2 - 1.10 ± 0.09
NGC 5236 2.70 ± 0.14 (3.29 ± 0.04) × 10−1 - 1.04 ± 0.06
NGC 5247 - (1.98 ± 0.15) × 10−1 - 1.7 ± 1.0
NGC 5643 4.76 ± 0.08 (1.480 ± 0.004) × 102 - 0.85 ± 0.04
NGC 6744 4.06 ± 0.21 (1.857 ± 0.011) × 10−1 - 1.27 ± 0.07
NGC 7090 2.8 ± 0.8 (6.90 ± 0.06) × 10−2 - 1.35 ± 0.17
NGC 7213 3.11 ± 0.08 (1.038 ± 0.003) × 104 11.40 ± 0.10 0.899 ± 0.005
NGC 7424 3.4 ± 0.6 6.9 ± 0.3 - 1.4 ± 0.4
NGC 7793 6.4 ± 2.9 (1.07 ± 0.07) × 10−1 - 0.9 ± 0.3
IC 1459 3.94 ± 0.14 (1.786 ± 0.020) × 103 0.45 ± 0.03 0.951 ± 0.010

* For these galaxies, the Gaussian fits were applied to the H𝛼+[N ii]__6548,6583 emission lines with (b) and without (n) a broad component of H𝛼
** For these galaxies, the contribution of the broad H𝛼 component for the values in column (5) does not include the emission from the relativistic disc
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Table 3. Emission-line ratios (2) [N ii]_6583/H𝛼, (3) [S ii](_6716 + _6731)/H𝛼, (4) [O i]_6300/H𝛼, and (5) [O iii]_5007/H𝛽 of the starlight-subtracted
nuclear spectra, after the interstellar extinction correction. The identifications of the galaxies are shown in column (1).

Galaxy [N ii]_6583/H𝛼 [S ii](_6716 + _6731)/H𝛼 [O i]_6300/H𝛼 [O iii]_5007/H𝛽
(1) (2) (3) (4) (5)

NGC 134 1.79 ± 0.08 0.91 ± 0.06 - 2.0 ± 1.0
NGC 157 0.587 ± 0.024 0.252 ± 0.027 0.042 ± 0.027 0.7 ± 0.5
NGC 247 0.3+0.5−0.3 - - -
NGC 253 0.7458 ± 0.0027 0.398 ± 0.004 0.052 ± 0.005 0.273 ± 0.021
NGC 300 - - - -
NGC 613 1.797 ± 0.012 0.925 ± 0.014 0.275 ± 0.012 1.08 ± 0.08
NGC 720(n)* 0.74 ± 0.03 0.63 ± 0.05 - -
NGC 720(b)* 0.65 ± 0.09 1.01 ± 0.12 - -
NGC 908 0.320 ± 0.013 0.161 ± 0.006 0.0049 ± 0.0013 0.024 ± 0.014
NGC 936 1.19 ± 0.04 0.759 ± 0.020 0.133 ± 0.011 1.01 ± 0.35
NGC 1068 2.158 ± 0.005 0.4768 ± 0.0014 0.403 ± 0.028 18.61 ± 0.06
NGC 1097 2.213 ± 0.021 0.873 ± 0.021 0.36 ± 0.04 3.5 ± 0.3
NGC 1187 0.450 ± 0.009 0.185 ± 0.003 0.0066 ± 0.0010 0.0761 ± 0.0024
NGC 1232 - - - -
NGC 1291(n)* 1.90 ± 0.06 0.98 ± 0.03 0.259 ± 0.020 2.7 ± 0.3
NGC 1291(b)* 2.02 ± 0.07 1.14 ± 0.04 0.295 ± 0.023 2.7 ± 0.3
NGC 1300 1.29 ± 0.05 1.04 ± 0.04 0.281 ± 0.021 2.8 ± 0.3
NGC 1313 0.123 ± 0.007 0.188 ± 0.008 0.006 ± 0.004 2.06 ± 0.07
NGC 1316 1.59 ± 0.04 0.94 ± 0.03 0.125 ± 0.015 3.0 ± 0.5
NGC 1365 1.049 ± 0.006 0.276 ± 0.003 0.06 ± 0.04 6.5 ± 0.3
NGC 1380 1.58 ± 0.03 0.84 ± 0.04 0.10 ± 0.05 2.2 ± 0.9
NGC 1395 1.23 ± 0.18 0.65 ± 0.07 - -
NGC 1398 2.09 ± 0.13 0.89 ± 0.05 - 3.9 ± 1.0
NGC 1399 0.61 ± 0.12 - - -
NGC 1404 0.33 ± 0.06 - - -
NGC 1407 - - - -
NGC 1433 0.96 ± 0.04 0.632 ± 0.025 0.060 ± 0.007 1.96 ± 0.07
NGC 1549 - - - -
NGC 1553 2.13 ± 0.16 0.71 ± 0.07 0.50 ± 0.15 4.8 ± 2.6
NGC 1559 0.34 ± 0.03 0.23 ± 0.03 - 0.32 ± 0.20
NGC 1566 1.090 ± 0.004 0.769 ± 0.016 0.235 ± 0.010 5.98 ± 0.14
NGC 1574 1.68 ± 0.04 0.40 ± 0.03 - 2.4 ± 0.7
NGC 1672 1.207 ± 0.025 0.515 ± 0.016 0.094 ± 0.007 4.51 ± 0.27
NGC 1792 0.444 ± 0.019 0.200 ± 0.003 0.024 ± 0.007 0.48 ± 0.13
NGC 1808 0.9273 ± 0.0020 0.1450 ± 0.0018 0.0179 ± 0.0022 0.213 ± 0.013
NGC 2442 2.23 ± 0.04 1.703 ± 0.028 0.494 ± 0.013 2.17 ± 0.05
NGC 2835 0.81 ± 0.07 0.78 ± 0.09 - -
NGC 2997 1.69 ± 0.13 1.17 ± 0.10 0.17 ± 0.07 1.1 ± 0.9
NGC 3115 0.59 ± 0.10 0.64 ± 0.10 - -
NGC 3585 0.80 ± 0.05 0.44 ± 0.06 - 1.2 ± 0.6
NGC 3621 1.8 ± 0.5 - - -
NGC 3923 - - - -
NGC 4030 1.08 ± 0.06 0.32 ± 0.04 - 1.6 ± 0.9
NGC 4594 2.94 ± 0.10 1.54 ± 0.06 0.58 ± 0.03 2.46 ± 0.25
NGC 4697 1.51 ± 0.16 0.42 ± 0.06 - 2.7 ± 1.2
NGC 4699 2.17 ± 0.06 0.67 ± 0.03 0.22 ± 0.07 4.4 ± 2.8
NGC 4753 3.12 ± 0.10 0.78 ± 0.04 - 5.4 ± 2.7
NGC 5068 0.332 ± 0.025 0.58 ± 0.03 0.059 ± 0.024 0.72 ± 0.09
NGC 5102 0.69 ± 0.05 - - -
NGC 5128 1.48 ± 0.06 1.24 ± 0.06 0.20 ± 0.11 4.3 ± 1.5
NGC 5236 1.165 ± 0.026 0.858 ± 0.028 0.158 ± 0.008 0.93 ± 0.10
NGC 5247 0.86 ± 0.10 0.46 ± 0.13 - -
NGC 5643 0.989 ± 0.004 0.5317 ± 0.0028 0.159 ± 0.009 12.17 ± 0.24
NGC 6744 1.068 ± 0.017 0.849 ± 0.024 0.08 ± 0.05 1.94 ± 0.18
NGC 7090 0.24 ± 0.05 0.63 ± 0.10 - 0.20 ± 0.09
NGC 7213 1.740 ± 0.006 2.472 ± 0.010 1.047 ± 0.009 1.05 ± 0.04
NGC 7424 0.35 ± 0.04 0.41 ± 0.05 - 0.22 ± 0.11
NGC 7793 0.32 ± 0.03 0.43 ± 0.05 - 1.5 ± 0.5
IC 1459 2.49 ± 0.03 1.281 ± 0.015 ¨0.427 ± 0.012 1.96 ± 0.12

* For these galaxies, the Gaussian fits were applied to the H𝛼+[N ii]__6548,6583 emission lines with (b) and without (n) a broad component of H𝛼
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Figure 2.Diagnostic diagrams of the nuclear spectra of the objects in the mini-DIVING3D sample. The red, green, and blue points represent early-type (E+S0),
“early-spiral” (S0/a + Sa + Sab + Sb + Sbc), and “late-spiral” (Sc + Scd + Sd) galaxies, respectively. The magenta curve corresponds to the empirical division
between H II regions and AGNs obtained by Kauffmann et al. (2003), the cyan curves represent the maximum limit for the ionization by a starburst obtained
by Kewley et al. (2001), the black curves in the diagrams of [O iii]_5007/H𝛽 × [S ii](_6716 + _6731)/H𝛼 and [O iii]_5007/H𝛽 × [O i]_6300/H𝛼 correspond
to the division between LINERs and Seyferts determined by Kewley et al. (2006), and the black curve in the diagram of [O iii]_5007/H𝛽 × [N ii]_6584/H𝛼
represents the division between LINERs and Seyferts obtained by Schawinski et al. (2007).

determined also after the interstellar extinction correction (again, for
the cases in which such a correction was applied). It is worth men-
tioning that the uncertainties of the 𝐿𝐻𝛼 (𝑁𝑎𝑟𝑟𝑜𝑤) values were
calculated taking into account only the uncertainties of the inte-
grated fluxes of these H𝛼 components, but not the uncertainties of
the distances or of the Balmer decrements (used for the correction
of the interstellar extinction).

The nuclear spectra of NGC 1316, NGC 1672, NGC 1792, and
NGC 1808 showed considerably high (> 7.5) values of the Balmer
decrement, indicating significant interstellar extinction. High values
of H𝛼/H𝛽 were also detected in the nuclear spectra of NGC 134,
NGC 157, NGC 1380, NGC 1553, NGC 3585, NGC 4030, andNGC
4699 but the corresponding uncertainties are too high for these
values to be taken as reliable. For these objects, the interstellar

extinction correction and the resulting 𝐿𝐻𝛼 values are also very
uncertain, although, as mentioned before, the uncertainties of 𝐿𝐻𝛼

do not take into account the uncertainties of H𝛼/H𝛽.

Table 3 shows the values of the main emission-line ratios
determined for the starlight-subtracted nuclear spectra (after the
correction of the interstellar extinction). Based on these values of
emission-line ratios, we constructed the diagnostic diagrams of [O
iii]_5007/H𝛽 × [N ii]_6583/H𝛼, [O iii]_5007/H𝛽 × [S ii](_6716 +
_6731)/H𝛼, and [O iii]_5007/H𝛽 × [O i]_6300/H𝛼 (Baldwin et al.
1981; Veilleux &Osterbrock 1987). The results are shown in Fig. 2.
The [O iii]_5007/H𝛽 × [N ii]_6583/H𝛼 diagram deserves special
attention. A group of objects falls on the branches of LINERs and
Seyferts and another group of objects falls on the branch of H II
regions. However, only a few galaxies are classified as transition
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objects (falling on the branch between the maximum limit for the
ionization by a starburst, determined by Kewley et al. 2001, and
the empirical division between H II regions and AGNs, obtained
by Kauffmann et al. 2003). In other words, there is an apparent
dichotomy in that diagnostic diagram, which was not detected in
previous studies. This topic will be discussed in further detail in
Section 5.

Using the diagnostic diagrams in Fig. 2, we classified the nu-
clear emission-line spectra of the galaxies in the mini-DIVING3D
sample as characteristic of Seyferts, LINERs, H II regions, or transi-
tion objects (this last classification can only be obtained from the [O
iii]_5007/H𝛽 × [N ii]_6583/H𝛼 diagram). However, the diagnostic
diagrams in Fig. 2 could provide relatively different classifications
for the same object. Therefore, in order to obtain a final classifi-
cation for each object, we adopted the following approach: first,
we determined a classification based on each one of the diagnostic
diagrams. Then, the final classification was determined taking into
account all classifications provided by the diagrams. Any classifi-
cation based on an emission-line ratio with a value lower than 3𝜎
was not taken into account for the final classification. In the case
of a galaxy whose classification provided by the [O iii]_5007/H𝛽 ×
[N ii]_6583/H𝛼 diagram was transition object, then the final classi-
fication was also transition object. For a given diagnostic diagram,
when the [O iii]_5007/H𝛽 was not available, then a partial clas-
sification (L/S for LINER/Seyfert, H II/L for H II region/LINER,
H II/T/S for H II region/transition/Seyfert, H II/T/L/S for H II re-
gion/transition/LINER/Seyfert, etc) based only on the available ratio
was given. Table 4 shows the classifications obtained for the nuclear
emission-line spectra of all galaxies in the sample.

Using the final classifications shown in Table 4, we determined
the fractions of nuclear spectra of early-type (E + S0), early-spiral
(S0/a + Sa + Sab + Sb +Sbc), and late-spiral (Sc + Scd + Sd) galaxies
classified as H II regions, transition objects, LINERs or Seyferts.
Such fractions were also determined considering the entire mini-
DIVING3D sample. The results are shown in Table 5. The fractions
of galaxies whose nuclear spectra received the partial classifications
of LINER/Seyfert or transition/LINER/Seyfert are also shown.

In order to estimate the uncertainties of the percentages in Ta-
ble 5, we tested two approaches: in the first one, a Monte Carlo
simulation, we constructed the group of three diagnostic diagrams
in Fig. 2 a hundred times, placing the points in positions given by a
Gaussian random distribution, based on the error bars of the original
points. Then we classified the nuclear spectra of the galaxies and
determined the percentages of objects with different classifications
for each obtained group of three diagnostic diagrams. The uncer-
tainty of the percentage, for each classification of the galaxies, was
taken as the standard deviation of all the percentages resulting from
this procedure. In the second approach, we classified the nuclear
spectra of the galaxies in three situations: considering the original
values of the emission-line ratios (which gives the classifications in
Table 4), considering the emission-line ratios plus the correspond-
ing error bars (1𝜎) and considering the emission-line ratios minus
the corresponding error bars. Then, we determined the fractions of
galaxies with nuclear spectra classified as H II regions, transition
objects, LINERs, etc in the three situations mentioned above. Fi-
nally, the uncertainties of the percentages were taken as the standard
deviation of the percentages determined (for each classification) for
these three situations. The main problem with the first approach is
that it assumes that the uncertainties represented by the error bars
in the diagnostic diagrams in Fig. 2 are totally random, which, as
explained in Section 3.2, is not correct. The first approach provided
considerably small uncertainties (< 1%) for the percentages, which

does not seem realistic for this case. The second approach, on the
other hand, removes the randomness of the uncertainties, which is
more consistent with what was discussed in Section 3.2, but may not
be totally appropriate for all the groups of objects in the sample. The
second approach resulted in higher uncertainties for the percentages
than the first approach. We opted to use the uncertainties provided
by the second approach, shown in Table 5, for our analysis. How-
ever, considering the previous discussion, such uncertainties must
be taken as upper limits for the real uncertainties of the percentages.

By considering the complete mini-DIVING3D sample, we can
see, from the results in Table 5, that the LINER category is the
one with the highest fraction of objects, 23%± 4%, followed by the
LINER/Seyfert category (partial classification), with 18% ± 7% of
the objects, and by the H II region category, with 15.8% ± 2.1% of
the objects. On the other hand, considering the groups of early-
type, early-spiral, and late-spiral galaxies, the situation changes
significantly. Among early-type galaxies, the LINER/Seyfert cat-
egory is the one with the highest fraction of objects, 32% ± 15%,
followed by the LINER category, with 16% ± 9% of the objects.
In the case of early spirals, almost half (42.9% ± 2.9%) of the
galaxies show a nuclear emission-line spectrum characteristic of
LINERs, followed by the objects with a partial classification of
LINER/Seyfert (14.3%±2.9%). Finally, nearly half of the late-spiral
galaxies (47% ± 4%) show nuclear emission-line spectra typical of
H II regions.

5 DISCUSSION

5.1 Comparison with the PALOMAR survey and the nature
of transition objects

Since one of the most popular surveys of the central regions of
galaxies was the PALOMAR survey, it is certainly convenient to es-
tablish a comparison between its results, obtained using slit spectra,
and the results of the mini-DIVING3D sample. In order to perform
an adequate comparison, first of all, we selected a sub-sample of the
PALOMAR survey (which we call mini-PALOMAR) with the same
parameters adopted for the mini-DIVING3D sample: B < 11.2 and
|b| > 15◦. The mini-PALOMAR sample has a total of 115 objects,
only three of them (NGC 4594, NGC 3115, and NGC 1068) also
being part of the mini-DIVING3D sample. The reason for this low
number of galaxies in the mini-PALOMAR shared with the mini-
DIVING3D is that the former is mainly focused on objects in the
Northern hemisphere, while the latter only includes galaxies in the
Southern hemisphere. We classified the mini-PALOMAR objects
with the same criteria used to obtain the classifications in Table 4.
Finally, we calculated the fractions of galaxies, considering the com-
plete sample and also the sub-samples of early types, early spirals,
and late spirals, classified as H II regions, transition objects, LIN-
ERs, Seyferts, and with partial classifications of LINER/Seyfert and
transition/LINER/Seyfert. The results are shown in Table 5. Since
no error bars were provided by the publications of the PALOMAR
survey, we did not estimate uncertainties for these fractions in Ta-
ble 5.

Considering the complete sample, Table 5 shows that the
fractions of objects in the mini-DIVING3D with nuclear spectra
characteristic of LINERs, Seyferts, or with partial classifications
of LINER/Seyfert and transition/LINER/Seyfert are all compatible
with the corresponding fractions obtained for the mini-PALOMAR,
at the 1𝜎 or 2𝜎 levels. On the other hand, the fractions of galaxies
in the mini-DIVING3D and in the mini-PALOMAR samples with
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Table 4. Classifications of the nuclear emission-line spectra of the galaxies based on the (2) [N ii]_6584/H𝛼, (3)[S ii](_6716 + _6731)/H𝛼, and (4) [O
i]_6300/H𝛼 diagnostic diagrams. The final classification is shown in column (5). Classifications H II, T, S, and L represent H II region, transition object,
Seyfert, and LINER, respectively. The classifications marked with a * are based on emission-line ratios with values lower than 3𝜎 and were not taken into
account for the final classification.

Galaxy [N ii]_6583/H𝛼 [S ii](_6716 + _6731)/H𝛼 [O i]_6300/H𝛼 Final Classification
(1) (2) (3) (4) (5)

NGC 134 L L - L
NGC 157 T H II H II* T
NGC 247 H II/T/S - - H II/T/S
NGC 253 T H II H II T
NGC 300 - - - -
NGC 613 L L L L
NGC 720(n)* T/L/S H II/L/S - H II/T/L/S
NGC 720(b)* H II/T/S H II/L/S - H II/T/L/S
NGC 908 H II H II H II H II
NGC 936 L L L L
NGC 1068 S S S S
NGC 1097 L S L L/S
NGC 1187 H II H II H II H II
NGC 1232 - - - -
NGC 1291(n)* L L L L
NGC 1291(b)* L L L L
NGC 1300 L L L L
NGC 1313 H II H II H II* H II
NGC 1316 L L S L/S
NGC 1365 S S S* S
NGC 1380 L L S* L
NGC 1395 T/L/S H II/L/S - H II/T/L/S
NGC 1398 L L - L
NGC 1399 H II/T/S - - H II/T/S
NGC 1404 H II/T/S - - H II/T/S
NGC 1407 - - - -
NGC 1433 L L S L/S
NGC 1549 - - - -
NGC 1553 L S L L/S
NGC 1559 H II H II - H II
NGC 1566 S S S S
NGC 1574 L S - L/S
NGC 1672 S S S S
NGC 1792 H II H II H II H II
NGC 1808 T H II H II T
NGC 2442 L L L L
NGC 2835 T/L/S H II/L/S - H II/T/L/S
NGC 2997 L L L* L
NGC 3115 T/S L/S - T/L/S
NGC 3585 T H II - T
NGC 3621 L/S - - L/S
NGC 3923 - - - -
NGC 4030 L H II - H II/L
NGC 4594 L L L L
NGC 4697 L S - L/S
NGC 4699 L S S L/S
NGC 4753 L S - L/S
NGC 5068 H II H II H II* H II
NGC 5102 H II/T/L/S - - H II/T/L/S
NGC 5128 S L S* L/S
NGC 5236 L L H II H II/L
NGC 5247 T/L/S H II/S - H II/T/L/S
NGC 5643 S S S S
NGC 6744 L L S* L
NGC 7090 H II H II - H II
NGC 7213 L L L L
NGC 7424 H II H II - H II
NGC 7793 H II H II - H II
IC 1459 L L L L

* For these galaxies, the Gaussian fits were applied to the H𝛼+[N ii]__6548,6583 emission lines with (b) and without (n) a broad component of H𝛼
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Table 5.Fraction and number of galaxies in themini-DIVING3D sample,with differentmorphological types, showing nuclear emission-line spectra characteristic
of LINERs, Seyferts, LINERs or Seyferts (LINERs/Seyferts), transition objects, and H II regions. The corresponding fractions and numbers determined from
a sub-sample of the PALOMAR survey, selected with the same criteria used for the selection of the mini-DIVING3D sample, are also shown.

Complete sample

mini-DIVING3D mini-DIVING3D PALOMAR with B < 11.2 PALOMAR with B < 11.2
(number of galaxies) (per cent) (number of galaxies) (per cent)

H II regions 9 15.8 ± 2.1 29 25
Transition objects 4 7.0 ± 1.1 14 12

LINERs 13 23 ± 4 33 29
Seyferts 5 9 ± 3 8 7

LINERs/Seyferts 10 18 ± 7 11 10
Transition/LINERs/Seyferts 1 1.8 ± 1.8 0 0

Total 57 115

Early-type galaxies

mini-DIVING3D mini-DIVING3D PALOMAR with B < 11.2 PALOMAR with B < 11.2
(number of galaxies) (per cent) (number of galaxies) (per cent)

H II regions 0 0+3−0 2 6
Transition objects 1 5 ± 3 3 9

LINERs 3 16 ± 9 13 39
Seyferts 0 0+3−0 0 0

LINERs/Seyferts 6 32 ± 15 3 9.1
Transition/LINERs/Seyferts 1 5+6−5 0 0

Total 19 33

Early-spiral galaxies

mini-DIVING3D mini-DIVING3D PALOMAR with B < 11.2 PALOMAR with B < 11.2
(number of galaxies) (per cent) (number of galaxies) (per cent)

H II regions 1 4.8 ± 2.9 6 12.5
Transition objects 2 9.5 ± 2.9 5 10.4

LINERs 9 42.9 ± 2.9 20 41.7
Seyferts 4 19 ± 6 7 15

LINERs/Seyferts 3 14.3 ± 2.9 6 12.5
Transition/LINERs/Seyferts 0 0+3−0 0 0

Total 21 48

Late-spiral galaxies

mini-DIVING3D mini-DIVING3D PALOMAR with B < 11.2 PALOMAR with B < 11.2
(number of galaxies) (per cent) (number of galaxies) (per cent)

H II regions 8 47 ± 4 21 62
Transition objects 1 6 ± 4 6 18

LINERs 1 6 ± 4 0 0
Seyferts 1 6 ± 4 1 3

LINERs/Seyferts 1 6 ± 4 2 6
Transition/LINERs/Seyferts 0 0+4−0 0 0

Total 17 34

nuclear spectra classified as H II regions or transition objects are
not compatible, even at the 3𝜎 level. For these two categories, the
fractions obtained for the mini-DIVING3D are lower than those de-
termined for the mini-PALOMAR. This result is consistent with the
apparent dichotomy in the [O iii]_5007/H𝛽 × [N ii]_6584/H𝛼 diag-
nostic diagram in Fig. 2, which revealed a low number of transition
objects in the mini-DIVING3D sample.

For the subsamples of early-type and early-spiral galaxies, all
the fractions obtained for the mini-DIVING3D and for the mini-
PALOMAR are compatible, at the 1𝜎, 2𝜎, or 3𝜎 levels. For the
sub-sample of late-spirals, the fractions of galaxies in the mini-
DIVING3D sample with nuclear spectra characteristic of LIN-
ERs, Seyferts, LINERs/Seyferts, and transition/LINERs/Seyferts
are compatible with the corresponding fractions of the mini-

PALOMAR sample, at the 1𝜎 or 2𝜎 levels. The fraction of late-
spiral galaxies in the mini-DIVING3D with nuclear spectra classi-
fied as H II regions (47% ± 4%) is lower than the corresponding
fraction in the mini-PALOMAR (62%), these two values being only
nearly compatible, at the 3𝜎 level. The same happens to the fraction
of late spirals in the mini-DIVING3D with nuclear spectra classified
as transition objects (6% ± 4%), which is nearly compatible, at the
3𝜎 level, with the higher value obtained for the mini-PALOMAR
(18%). Based on these results, we conclude that the discrepan-
cies between the fractions of galaxies in the mini-DIVING3D and
in the mini-PALOMAR, considering the corresponding complete
samples, with nuclear spectra characteristic of H II regions and
transition objects are mostly due to the discrepancies between the
classifications of the late spirals in these samples.
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Figure 3. Left-hand panel: image of the data cube of the central region of NGC 2997, collapsed along its spectral axis, with the circular region used to extract
the nuclear spectrum used in the analysis of the mini-DIVING3D sample. Right-hand panel: the same as in the image on the left, but with the rectangular region
used to extract the “2 arcsec × 4 arcsec nuclear spectrum”. The size of this rectangular region is the same of the slit used to obtain the spectra analysed in the
PALOMAR survey.

Figure 4. [O iii]_5007/H𝛽 × [N ii]_6584/H𝛼 diagnostic diagram with the
points corresponding to the “2 arcsec × 4 arcsec nuclear spectra” extracted
from the data cubes in the mini-DIVING3D sample. The magenta curve cor-
responds to the empirical division between H II regions and AGNs obtained
by Kauffmann et al. (2003), the cyan curve represents the maximum limit for
the ionization by a starburst obtained by Kewley et al. (2001), and the black
curve corresponds to the division between LINERs and Seyferts obtained
by Schawinski et al. (2007). The blue, green, red, and orange points corre-
spond to galaxies whose classifications, based only on the O iii]_5007/H𝛽
× [N ii]_6584/H𝛼 diagram in Fig. 2, were H II regions, transition objects,
LINERs, and Seyferts, respectively.

The topic of transition objects certainly deserves special at-
tention. A very common interpretation for the transition objects in
the literature assumes that they are composite systems, containing
a LINER contaminated by an H II region component (Ho et al.
1993). Such a contamination may come from circumnuclear H II

regions or even H II regions along the line of sight. However, as
discussed by Ho (2008), this scenario for transition objects has its
“problems”. If transition objects were indeed the result of a central
LINER contaminated by H II regions, it would be expected that
observations with sufficiently high spatial resolution were able to
isolate the nuclear emission from circumnuclear contaminations.
Therefore, transition objects observed with high spatial resolution
would probably be classified as LINERs. However, Shields et al.
(2007) obtained high spatial resolution STIS observations of 23 of
the galaxies in the sample of the PALOMAR survey and found only
partial support for this scenario. The detection of AGN signatures,
such as compact X-Ray or radio emitting cores, in transition ob-
jects could be an additional evidence for the composite H II/LINER
scenario. Filho et al. (2000, 2002) analysed 8.4 GHz VLA observa-
tions of all transition objects in the PALOMAR survey, but found
evidence for the presence of AGNs in only ∼ 25% of the objects.
Considering these “problems”, Ho (2008) proposed an alternative
scenario, assuming that transition objects are indeed accretion pow-
ered, but with a very low accretion rate. Considering the group of
LINERs and Seyferts, Seyferts 1 show the highest accretion rates,
followed by Seyferts 2, LINERs 1, LINERs 2 and, according to the
proposed scenario, ending with transition objects. Ho (2008) also
proposed that the anomalously strong H𝛼 emission in transition
objects may be the result of photoionization by off-nuclear X-ray
binaries and/or cosmic ray heating by the central radio core. In ad-
dition, Shields et al. (2007) suggested that evolved hot stars and/or
turbulent mixing layers in the interstellar medium may also play a
significant role for the strong H𝛼 emission in transition objects.

A few natural questions at this point are: what could be the rea-
son for the lower fraction of transition objects detected in the mini-
DIVING3D (and the resulting dichotomy in the [O iii]_5007/H𝛽 ×
[N ii]_6584/H𝛼 diagnostic diagram in Fig. 2), in comparison to the
mini-PALOMAR? What does this result suggest about the nature
of transition objects? The main difference between the DIVING3D
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and the PALOMAR surveys is that the former has a significantly
higher spatial resolution than the later. In other words, with the data
cubes of the DIVING3D survey, it is possible to isolate the nuclear
emission and avoid contaminations from the circumnuclear regions
of the galaxies with a much higher efficiency than in the case of the
slit spectra analysed by the PALOMAR survey. Considering that,
we can say that the result obtained with the mini-DIVING3D sample
certainly suggests that, despite the findings of Shields et al. (2007),
at least part of the transition objects may be composite systems, with
a central LINER whose emission is contaminated by the emission
from circumnuclear H II regions.

In order to try to validate the scenario above of transition
objects being composite systems, we performed the following test.
First we extracted another spectrum of each data cube of the mini-
DIVING3D sample from a rectangular region of 2 arcsec × 4 arcsec,
centred on the peak of the stellar emission of the galaxy. From now
on we will refer to these new extracted spectra as “2 arcsec ×
4 arcsec nuclear spectra”. The size of this extracting region is the
same of the slit used to obtain the spectra analysed in the PALOMAR
survey. Fig. 3 shows, as an example, the rectangular extracting region
of the 2 arcsec × 4 arcsec nuclear spectrum of the data cube of
NGC 2997, together with the circular region (also centred on the
peak of the stellar emission of the galaxy) from which the original
nuclear spectrum (shown in Fig. A12) was extracted. After the
extraction, we applied to each extracted 2 arcsec × 4 arcsec nuclear
spectrum the same procedure described in Sections 3.1 and 3.2:
we subtracted the stellar continuum using the pPXF technique and
applied a correction of the interstellar extinction, using the obtained
value of the Balmer decrement and the extinction law of Cardelli
et al. (1989). Finally, we calculated the emission-line ratios [N
ii]_6583/H𝛼 and [O iii]_5007/H𝛽.

Fig. 4 shows the diagnostic diagram of [O iii]_5007/H𝛽 ×
[N ii]_6583/H𝛼 with the points corresponding to the 2 arcsec × 4
arcsec nuclear spectra of the objects in the mini-DIVING3D sample.
It is easy to see that the fraction of galaxies in Fig. 4 classified
as transition objects (∼ 14%) is twice the fraction obtained from
the corresponding diagnostic diagram in Fig. 2 (∼ 7%). Actually,
this new fraction of transition objects is consistent with the value
obtained for the complete mini-PALOMAR sample (∼ 12%), as can
be seen in Table 5. Fig. 4 also shows a reduction in the number
of LINERs, compared to the [O iii]_5007/H𝛽 × [N ii]_6583/H𝛼
diagram in Fig. 2. Therefore, the result of this test certainly suggests
that at least part of the observed transition objects may indeed
be the result of the emission from LINERs contaminated by the
emission from surroundingH II regions (possibly due to poor spatial
resolution observations).

It is worth mentioning that the definition we use for transi-
tion objects is not the same as the one adopted, for example, by
Ho et al. (1997a), which emphasizes the [O iii]_5007/H𝛽 × [O
i]_6300/H𝛼 diagram and establishes that transition objects show [O
iii]_5007/H𝛽 < 3 and 0.086 [O i]_6300/H𝛼 < 0.17. The reasonwhy
we opted to use a definition based mainly on the [N ii]_6584/H𝛼
ratio, instead of [O i]_6300/H𝛼, is that the [O i]_6300 line was not
detected in many objects of our sample or its integrated flux was
determined with a high uncertainty. Therefore, a statistical analysis
based on classifications obtained mainly with the [O i]_6300 line
would probably be less reliable. However, the difference between
these definitions of transition objects did not affect the compari-
son with the mini-PALOMAR sample because, as explained above,
we classified the objects in the mini-PALOMAR sample with the
same criteria used for the classification of the galaxies in the mini-
DIVING3D. If we try to identify transition objects in the mini-

DIVING3D sample using only the [O i]_6300 criterion of Ho et al.
(1997a), the result would be different classifications for a few ob-
jects. NGC 157, NGC 253, and NGC 1808 (all transition, in Table 4)
would be classified as H II regions; NGC 936 and NGC 1380 (LIN-
ERs, in Table 4) would be classified as transition; NGC 5236 (H II
region/LINER, in Table 4) would be classified as transition. It is also
worth emphasizing that these two definitions for transition objects,
although quantitatively different, are based on the same idea that
these objects show intermediate emission-line ratios between those
of H II regions and LINERs; therefore the idea of transition objects
being the result of a central LINER contaminated by the emission
from surrounding H II regions (Ho et al. 1993) is consistent with
both definitions.

Although the hypothesis of composite LINER/H II regions sys-
tems described above may explain the detection of some transition
objects, there are certain members of this category that remain with
this classification, even when observed with high spatial resolution.
In the case of themini-DIVING3D sample, the nuclear emission-line
spectra of four objects were classified as characteristic of transition
objects: NGC 157, NGC 253, NGC 1808, and NGC 3585.

NGC 157 is an SAB(rs)bc galaxy, at a distance of 16.1 Mpc.
There is not much information in the literature about the central
region of this galaxy, but, so far, no evidence of an AGN was
detected (e.g. Hughes et al. 2005). NGC 253 is an SAB(s)c galaxy
at a distance of 3.2 Mpc with a nuclear starburst associated with an
outflow, which is detected due to its optical line, X-ray and radio
emission (e.g. Strickland et al. 2000; Sharp & Bland-Hawthorn
2010; Westmoquette et al. 2011; Bolatto et al. 2013; Walter et al.
2017). The Chandra X-ray emission from the central region of NGC
253was interpreted as being due to a highly obscured AGN (Weaver
et al. 2002; Müller-Sánchez et al. 2010), which is not the dominant
source (Forbes et al. 2000; Weaver et al. 2002). NGC 1808 is an
(R)SAB(s)a galaxy at a distance of 9.3 Mpc. Similarly to NGC 253,
NGC 1808 also shows a nuclear starburst, with an outflow coming
from the central kpc. Such an outflow was detected via its [Nii],
H𝛼 and Na I lines (Phillips 1993), and its CO molecular emission
(Salak et al. 2016). Some authors claimed that the nuclear starburst
in this galaxy may co-exist with a weak AGN (e.g. Veron-Cetty &
Veron 1985; Junkes et al. 1995; Awaki et al. 1996; Jiménez-Bailón
et al. 2005), while others disagree (e.g. Forbes et al. 1992; Phillips
1993; Krabbe et al. 2001). Finally, NGC 3585 is an E6 galaxy, at
a distance of 17.3 Mpc. As in the case of NGC 157, there is not
much information in the literature about the central region of this
object. Using Chandra data, She et al. (2017) found evidence of a
low-luminosity AGN (LLAGN) in this galaxy.

If NGC 157, NGC 253, NGC 1808, and NGC 3585 harbour
LLAGNs, then the fact that their classification as transition objects
remains even when observed with high spatial resolutions could be
explained by the scenario of composite LINER/H II regions systems
if we assume that H II regions may be present along the line of sight
of their nuclei. In fact, the disc inclinations of NGC 157, NGC 253,
NGC1808, andNGC3585, according toHyperleda1 (Makarov et al.
2014), are very high and equal to 61.8◦, 90.0◦, 82.7◦, and 90.0◦,
respectively. This certainly increases the probability of the presence
of H II regions along the line of sight towards the nuclei of these
nearly edge-on galaxies. Such a scenario, however, may not be the
most likely one, specially in the case of NGC 157, due to the absence
of clear evidence of an AGN in this object. Therefore, alternative

1 http://leda.univ-lyon1.fr/
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Figure 5. The same as in Fig. 2, but only with the points (in green) corresponding to galaxies classified as transition objects, according to the diagrams in
Fig. 2. The red and blue curves represent simulated emission-line ratios taken from the Mappings III library, obtained with shock-heating models, assuming
electronic densities and shock velocities consistent with the observed parameters in the spectra.

models should be considered to explain the nuclear emission-line
spectra of the four transition objects in the mini-DIVING3D sample.

The low accretion rate scenario proposed by Ho (2008) to
explain the emission-line spectra of transition objects is applicable
to the four galaxies with this classification detected in the mini-
DIVING3D sample. In addition, one interesting point to be discussed
is the fact that two of these objects, NGC 253 and NGC 1808, show
significant outflows associated with nuclear starbursts. Based on
that, we would like to propose a different scenario, which assumes
that the transition-like nuclear emission-line spectra of these two
galaxies are the result of a combination of shock heating from the
outflows generated by the nuclear starbursts with photoionization
by the young stellar populations in these starbursts.

A detailed modelling of the shock-heating/photoionization
mechanism proposed above is beyond the scope of this paper. How-
ever, just to have an idea of the plausibility of such a scenario, Fig. 5
shows the same diagnostic diagrams of Fig. 2 with the curves rep-
resenting the values of the emission-line ratios resulting from pure
shock-heating models. Such curves were obtained from the Map-
pings III library (Allen et al. 2008). The four points in the diagrams

in Fig. 5 correspond to the galaxies classified as transition objects
and only the curves corresponding to shock-heating models with
electronic densities and velocities consistent with the observed pa-
rameters in the spectra of the four transition objects were included.
One can see that only the emission-line ratios of two (NGC 157 and
NGC 3585) of the transition objects detected in this work are nearly
reproduced by themodels. On the other hand, suchmodels, specially
in the [O iii]_5007/H𝛽 × [N ii]_6583/H𝛼 and [O iii]_5007/H𝛽 ×
[S ii](_6716 + _6731)/H𝛼 diagrams indeed reproduce part of the
region corresponding to transition objects. Therefore, we conclude
that it is plausible that these shock-heating models, combined with
photoionization by young stars, under specific conditions, repro-
duce the observed emission-line ratios of the four transition objects
detected in this work.

The uncertainties of the [O iii]_5007/H𝛽 ratios of NGC 157
and NGC 3585 are considerably high (see Fig. 2 and Table 3). At
the 1𝜎 or 2𝜎 levels, the emission line ratios of NGC 3585 are also
compatible with those of LINERs and Seyferts. Similarly, at the
2𝜎 level, the emission line ratios of NGC 157 are compatible with
those of Seyferts and H II regions. Therefore, the classification of
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Figure 6.Histogram showing the number of galaxies in Table 6 with a broad
H𝛼 component, with a broad H𝛼 and also a broad H𝛽 component, with a
point-like X-ray source, and with all previous features.

the nuclear emission-line spectra of NGC 157 and NGC 3585 is
uncertain and the previous discussion about the nature of transition
objects may actually not apply to these two galaxies. The emission-
line ratios of NGC 1808 and NGC 253, on the other hand, are
much more precise and, as consequence, there is no doubt about
the classification of the nuclear emission-line spectra of these two
objects.

Considering all the findings and the discussion above, we be-
lieve that transition objects may be a heterogeneous class. Some of
them are potentially the result of the emission from LINERs con-
taminated by the emission from surrounding H II regions (specially
when observed with poor spatial resolution). Others, as proposed
by Ho (2008), may be accretion powered, but with a low accretion
rate. Finally, we propose that a scenario involving shock heating
from outflows, together with photoionization by young stars, may
explain the transition-like nuclear spectra of certain galaxies.

One additional topic that deserves some attention is the frac-
tion of early-type galaxies in the mini-DIVING3D sample with the
partial classification of LINER/Seyfert. Table 5 shows that the frac-
tion of early-type galaxies with this classification (32% ± 15%) is
compatible with the corresponding fraction of the mini-PALOMAR
(9.1%), at the 2𝜎 level. However, these values are only compati-
ble due to the high uncertainty of the fraction determined for the
mini-DIVING3D sample (which is higher than the uncertainties of
all other fractions in Table 5). We believe that a larger sample will
probably result in a lower uncertainty for this fraction andmay reveal
that the fraction of early-type galaxies in theDIVING3D survey clas-
sified as LINERs/Seyferts is actually higher than the corresponding
fraction in the PALOMAR survey. If that is the case, the most likely
explanation is also related to the higher spatial resolution of the
DIVING3D survey, together with the treatment and analysis tech-
niques used in this work. As explained in Menezes et al. (2019), the
benefits provided by our data cube treatment methodology (such
as high spatial-frequency noise removal and improvement of the
spatial resolution) may allow the detection of faint line-emitting
regions that otherwise would probably not be detected. This, com-
bined with the high spatial resolution of the DIVING3D data cubes,
which allows the nuclear emission to be efficiently isolated from the
circumnuclear emission, may result in the detection of previously

unknown LINERs, Seyferts or, in this case, objects with a partial
classification of LINER/Seyfert. An example of the detection of a
very faint AGN in an early-type galaxy (NGC 3115), which would
not have been detected without the use of our treatment techniques,
can be found in Menezes et al. (2014b).

The previous discussions and comparisons with the mini-
PALOMAR sample were made based on the uncertainties estimated
in this work for the percentages of objects, in the mini-DIVING3D
sample, with different nuclear spectra classifications. Such uncer-
tainties take into account only our precision to include the points
representing these galaxies in the diagnostic diagrams. However,
there are also statistical uncertainties, related to the limited sizes
of the mini-DIVING3D and mini-PALOMAR samples, that should
be taken into account. These uncertainties can be obtained using
a statistical inference and basically establish how precise are the
parameters obtained for the objects in the local Universe based on
limited samples. Using Bayes’ theorem, with a constant prior and
a likelihood given by a binomial distribution (which depends on
the total number of objects in the sample, on the number of objects
with a given nuclear spectrum classification and on the probability
of finding an object with such a classification), we obtain a pos-
terior given by a beta function. Using this resulting beta function,
we estimated the uncertainty of the percentage of objects with each
classification by determining the range of percentages that included
2/3 of the objects with that classification. This approach resulted
in statistical uncertainties of 5%, 4%, 6%, 4%, 5%, and 2% for the
percentages of H II regions, transition objects, LINERs, Seyferts,
LINERs/Seyferts, and transition/LINERs/Seyferts, respectively, in
the complete mini-DIVING3D sample. The final uncertainties for
the percentages of these classifications, obtained by combining the
uncertainties in Table 5 with the statistical uncertainties above, are
5%, 4%, 7%, 5%, 9%, and 3%, respectively.

The procedure described above for estimating the statistical
uncertainties also resulted in uncertainties of 5%, 4%, 6%, 4%, 5%,
and 2% for the percentages of H II regions, transition objects, LIN-
ERs, Seyferts, LINERs/Seyferts, and transition/LINERs/Seyferts,
respectively, in the complete mini-PALOMAR sample. If we con-
sider these uncertainties in the analysis, we conclude that all the
fractions of objects, with different classifications, obtained with
the mini-DIVING3D sample are compatible, at the 1𝜎 level, with
the ones obtained with the mini-PALOMAR sample. That is actu-
ally expected, as both samples analysed here are relatively small
and, as a consequence, the statistical uncertainties are significant.
Although the statistical uncertainties make the percentages of ob-
jects with different classifications in the mini-DIVING3D and in the
mini-PALOMAR samples compatible, the most relevant result from
this work, which should be taken as preliminary, is that the highest
discrepancies between these two samples were detected among the
objects with nuclear spectra classified as H II regions and transition
objects. The larger number of objects in the complete DIVING3D
sample will reduce the statistical uncertainties by nearly half of the
current values and allow a more precise comparison with the results
of other surveys.

5.2 The AGNs in the mini-DIVING3D sample

One final parameter of this work that should be determined is the
number of objects in the mini-DIVING3D sample with clear evi-
dence for the presence ofAGNs. In order to evaluate that, we focused
on the optical and X-ray spectral bands. As mentioned in Section 1,
in the optical, broad components in permitted emission lines (such
asH𝛼 andH𝛽) are a clear indication of anAGN.A point-like hardX-
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Table 6. Evidence of AGNs in the objects of the mini-DIVING3D sample. Columns (2) and (3) indicate the presence or not of broad components in the H𝛼
and H𝛽 emission lines, respectively. Column (4) reveals the existence or not of evidence of AGNs based on X-ray data. The information in column (4) was
taken from She et al. (2017), unless otherwise specified. It is worth mentioning that, in certain cases, proper X-ray data were not available.

Galaxy Broad H𝛼 Broad H𝛽 X-ray
(1) (2) (3) (4)

NGC 134 No No No**
NGC 157 No No No**
NGC 247 No No No
NGC 253 No No Yes
NGC 300 No No No
NGC 613 No No Yes
NGC 720 Yes* No Yes
NGC 908 No No -
NGC 936 No No -
NGC 1068 Yes Yes Yes
NGC 1097 Yes Yes Yes
NGC 1187 No No Yes
NGC 1232 No No Yes
NGC 1291 Yes* No Yes
NGC 1300 No No Yes
NGC 1313 No No No
NGC 1316 No No Yes
NGC 1365 Yes Yes Yes
NGC 1380 No No Yes
NGC 1395 No No Yes
NGC 1398 No No Yes
NGC 1399 No No Yes
NGC 1404 No No Yes
NGC 1407 No No Yes
NGC 1433 No No No**
NGC 1549 No No Yes**
NGC 1553 No No Yes
NGC 1559 No No -
NGC 1566 Yes Yes Yes**
NGC 1574 Yes No -
NGC 1672 No No Yes
NGC 1792 No No No**
NGC 1808 No No Yes
NGC 2442 No No No**
NGC 2835 No No No
NGC 2997 No No Yes
NGC 3115 Yes No Yes
NGC 3585 No No Yes
NGC 3621 No No Yes
NGC 3923 No No Yes
NGC 4030 No No No
NGC 4594 Yes No Yes
NGC 4697 No No Yes
NGC 4699 No No -
NGC 4753 No No No**
NGC 5068 No No No
NGC 5102 No No Yes
NGC 5128 No No Yes
NGC 5236 No No Yes
NGC 5247 No No No
NGC 5643 No No Yes
NGC 6744 No No No
NGC 7090 No No No
NGC 7213 Yes Yes Yes
NGC 7424 No No No
NGC 7793 No No Yes
IC 1459 Yes No Yes

* For these galaxies, the presence of a broad H𝛼 component is uncertain
** For these galaxies, not discussed by She et al. (2017), the information was obtained directly from Chandra data
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ray source is also indicative of an AGN, although a spectral analysis
is usually necessary to confirm the nature of the source. We looked
for this evidence in the objects of the mini-DIVING3D sample, tak-
ing into account the literature (X-ray information was taken from
She et al. 2017, unless otherwise specified) and themini-DIVING3D
data (to evaluate the presence or not of broad components in the
H𝛼 and H𝛽 emission lines). Table 6 shows the results. In addition,
Fig. 6 shows a histogram with the number of galaxies in the mini-
DIVING3D with a broad H𝛼 component, with a broad H𝛼 and also
a broad H𝛽 component, with a point-like X-ray source, and with all
previous features.

Seyfert galaxies are usually interpreted as authentic AGNs, i.e.
they are powered by the accretion of matter onto a central SMBH.
Therefore, it is actually expected that all objects classified as Seyfert
galaxies in the mini-DIVING3D sample show evidence of AGNs.
Table 6 reveals that this is actually the case for the five Seyfert
galaxies detected in this work, three of them (60%) showing broad
components in permitted optical emission lines.

Throughout this paper, we classified as LINERs the objects
whose nuclear emission-line ratios fall on the branches of LINERs
in the three diagnostic diagrams in Fig. 2. However, this classifica-
tion does not imply a specific excitation mechanism. As explained
in Section 1, unlike Seyfert galaxies, the excitation mechanisms of
LINERs are somewhat controversial. Models involving shock heat-
ing, photoionization by young stars, photoionization by HOLMES,
and accretion of matter onto a central SMBH have been proposed to
explain the observed low ionization emission-line spectra of LIN-
ERs. Today, the most promising models for LINERs assume accre-
tion onto a central SMBH (i.e. LINERs are authentic AGNs, but
with a low ionization parameter) or photoionization by HOLMES,
although the shock-heating scenario have also been suggested in
certain cases. For a detailed review of this topic, see Ho (2008) and
references therein. In the mini-DIVING3D sample, 13 objects were
classified as LINERs. Table 6 indicates that nine of them (∼ 69%)
show evidence of AGNs and broad components in permitted op-
tical emission lines are only visible in three or four (∼ 23% or
∼ 31%), as a broad H𝛼 component in NGC 1291 is uncertain. This
result does not rule out the hypothesis of the presence of (weak or
obscured) AGNs in the rest of the objects classified as LINERs;
however, it certainly suggests that these other objects (without ev-
idence of AGNs) may be good candidates for LINERs powered,
at least partially, by different mechanisms, such as photoionization
by HOLMES. A detailed modelling, which is beyond the scope of
this paper, is required to evaluate the applicability of the different
excitation mechanisms to explain the nuclear line emission detected
in the objects classified as LINERs in this work.

Nine objects from the sample were classified as H II regions
and, surprisingly, two of them (∼ 22%) show evidence of AGNs,
due to the X-ray emission. One possible explanation is that these
two AGNs are faint and/or highly obscured, being obfuscated by H
II regions in the same area and, as a consequence, not being detected
in the optical. In the case of transition objects, as already discussed
in Section 5.1, four galaxies in themini-DIVING3D sample received
this classification, none with broad components of permitted optical
emission lines, and three of them (75%) show evidence of AGNs.

Regarding the objects that received partial classifications, 10
were classified as LINERs/Seyferts, seven of them (70%) showing
evidence of AGNs, two (20%) with broad components of permitted
optical emission lines. Two galaxies (NGC 4030 and NGC 5236)
were classified as HII regions/LINERs, none with broad compo-
nents of permitted optical emission lines, and only one of them
(NGC 5236) shows X-ray emission characteristic of an AGN. This

indicates that NGC 5236 indeed hosts an AGN and this partial
classification possibly resulted from contaminations of the nuclear
LINER spectrum by the emission from H II regions in the area,
which were sufficient to result in this partial classification, but not
to change the classification to transition. Three objects received a
more uncertain classification of H II region/transition/Seyfert, none
with broad components of permitted optical emission lines, and two
of them (∼ 67%) show evidence of AGNs in the X-ray emission.
Only one galaxy was classified as transition/LINER/Seyfert (NGC
3115), which shows X-ray emission characteristic of an AGN and
also a broad H𝛼 component (Menezes et al. 2014b).

Finally, five galaxies received the classification of H II re-
gion/transition/LINER/Seyfert, which essentially means only that
these objects show nuclear emission lines, but a more precise clas-
sification of the nuclear emission-line spectrum is not possible (due
to the fact that the [O iii]_5007/H𝛽 ratio could not be determined
for any of them). Only one of these objects (NGC 720) may show a
broad H𝛼 component (although the presence of such a component
is uncertain) and three of the objects (60%) with this uncertain clas-
sification show evidence of AGNs in the X-ray emission (including
NGC 720). Considering the entire sample, 37 galaxies (∼ 65%)
show evidence of AGNs. It is worth mentioning that the Chandra
data were not available for all objects in the mini-DIVING3D sam-
ple, which introduced a certain degree of incompleteness in this
analysis. Therefore, all the percentages determined in this section
should be taken as lower limits.

6 CONCLUSIONS

We are conducting the DIVING3D survey, which has the purpose of
observing, using optical 3D spectroscopy, the central regions of all
galaxies in the Southern hemisphere with B < 12.0 and |b| > 15◦. In
this paper, we showed the first results of the analysis focused on the
nuclear emission-line properties of all galaxies brighter than B =
11.2, which correspond to a sub-sample we called mini-DIVING3D.
Bellow we list our main findings.

• The category of LINERs is the one with the highest fraction
of objects (23% ± 4%) in the mini-DIVING3D sample

• The [O iii]_5007/H𝛽 × [N ii]_6583/H𝛼 diagnostic diagram
obtained for the mini-DIVING3D sample reveals an apparent di-
chotomy, with a group of objects falling on the branches of LINERs
and Seyferts and another group of objects falling on the branch of H
II regions, but with only a few galaxies being classified as transition
objects

• By comparing our results with those obtained from a subsam-
ple of the PALOMAR survey (mini-PALOMAR), selected with the
same criteria used for the mini-DIVING3D, and taking into account
only the uncertainties due to our precision to perform the diag-
nostic diagram analysis, we verified that the fractions of objects in
these two subsamples classified as LINERs, Seyferts or with partial
classifications of LINER/Seyfert and transition/LINER/Seyfert are
compatible, at the 1𝜎 or 2𝜎 levels.

• The fractions of objects in the mini-DIVING3D sample clas-
sified as H II regions and transition objects are lower than the
corresponding fractions in the mini-PALOMAR sample, not being
compatible, even at the 3𝜎 level (again, only taking into account the
uncertainties associatedwith the precision of the diagnostic diagram
analysis)

• Considering that the PALOMAR slit spectra have a signifi-
cantly lower spatial resolution than the DIVING3D data cubes, the
result obtained for transition objects in themini-DIVING3D sample,
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in comparison to the one obtained from the mini-PALOMAR sam-
ple, suggests that part of the transition objects may be composite
systems, with a central LINER whose emission is contaminated by
the emission from circumnuclear H II regions

• The median FWHM of the PSFs of the treated data cubes
in the mini-DIVING3D sample is ∼ 35 pc. Such a spatial resolu-
tion allowed a more accurate analysis of the nuclear emission of
the galaxies, without circumnuclear contaminations (resulting in a
lower number of transition objects). This information will be useful
for future surveys of objects at higher redshifts, whose goals also
involve a detailed study of the nuclear emission

• Despite the fact that the highest discrepancies between the re-
sults obtained with the mini-DIVING3D and the mini-PALOMAR
samples were detected among galaxies with nuclear spectra classi-
fied as H II regions and transition objects, one should note that, if
we take into account the statistical uncertainties, all the fractions
of objects, with different classifications, obtained with these two
samples become compatible, at the 1𝜎 level. That is a consequence
of the relatively small number of objects in the samples. Once we
have the complete DIVING3D sample, these statistical uncertain-
ties will be reduced by nearly half, which will allow a more precise
comparison with the results of other surveys

• Two of the four transition objects detected in this work showed
significant outflows powered by nuclear starbursts. This led us to
propose an alternative scenario, in which the emission-line spectra
of some transition objects are the result of shock heating by the
central outflow, together with photoionization by young stars in the
nuclear starburst. There is also an additional model for transition
objects, proposed by previous studies, which is applicable to the four
cases detected in this work. Such a model assumes that transition
objects are accretion powered, but with a very low accretion rate

• 69% of the LINERs detected in the mini-DIVING3D sample
show evidence of AGNs. Although this result does exclude the
possibility that the rest of the LINERs in the sample are also (weak
or obscured)AGNs, it certainly suggests that these other objectsmay
be candidates for LINERs powered, at least partially, by different
mechanisms, such as photoionization by HOLMES

• Considering the entire mini-DIVING3D sample, evidence of
AGNs were detected in 65% of the objects
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APPENDIX A: NUCLEAR SPECTRA OF THE SAMPLE

All the spectra extracted from circular regions, centred on the peak
of stellar emission in the data cubes of the galaxies in the mini-
DIVING3D sample, together with the fits provided by the pPXF
technique and the fit residuals (corresponding to the emission-line
spectra), are shown in the following figures.

APPENDIX B: GAUSSIAN FITS OF THE BLENDED
EMISSION LINES

All the Gaussian fits applied to the blended emission lines in the
nuclear spectra of the galaxies in the mini-DIVING3D sample are
shown in the following figures.
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Figure A1. Nuclear spectra extracted from the data cubes of NGC 134, NGC 157, and NGC 247. The fits provided by the pPXF procedure are shown in red
and the fit residuals are shown in green. Magnifications of the fit residuals are also shown.
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Figure A2. The same as in Fig. A1, but for the data cubes of NGC 253, NGC 300, and NGC 613.
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Figure A3. The same as in Fig. A1, but for the data cubes of NGC 720, NGC 908, and NGC 936.
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Figure A4. The same as in Fig. A1, but for the data cubes of NGC 1068, NGC 1097, and NGC 1187.
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Figure A5. The same as in Fig. A1, but for the data cubes of NGC 1232, NGC 1291, and NGC 1300.
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Figure A6. The same as in Fig. A1, but for the data cubes of NGC 1313, NGC 1316, and NGC 1365.
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Figure A7. The same as in Fig. A1, but for the data cubes of NGC 1380, NGC 1395, and NGC 1398.
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Figure A8. The same as in Fig. A1, but for the data cubes of NGC 1399, NGC 1404, and NGC 1407.
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Figure A9. The same as in Fig. A1, but for the data cubes of NGC 1433, NGC 1549, and NGC 1553.
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Figure A10. The same as in Fig. A1, but for the data cubes of NGC 1559, NGC 1566, and NGC 1574.
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Figure A11. The same as in Fig. A1, but for the data cubes of NGC 1672, NGC 1792, and NGC 1808.
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Figure A12. The same as in Fig. A1, but for the data cubes of NGC 2442, NGC 2835, and NGC 2997.
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Figure A13. The same as in Fig. A1, but for the data cubes of NGC 3115, NGC 3585, and NGC 3621.
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Figure A14. The same as in Fig. A1, but for the data cubes of NGC 3923, NGC 4030, and NGC 4594.
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Figure A15. The same as in Fig. A1, but for the data cubes of NGC 4697, NGC 4699, and NGC 4753.
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Figure A16. The same as in Fig. A1, but for the data cubes of NGC 5068, NGC 5102, and NGC 5128.
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Figure A17. The same as in Fig. A1, but for the data cubes of NGC 5236, NGC 5247, and NGC 5643.
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Figure A18. The same as in Fig. A1, but for the data cubes of NGC 6744, NGC 7090, and NGC 7213.
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Figure A19. The same as in Fig. A1, but for the data cubes of NGC 7424, NGC 7793, and IC 1459.
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Figure B1. Gaussian fits of the blended emission lines in the data cubes of NGC 253, NGC 613, and NGC 720 (without a broad H𝛼 component). The Gaussian
components are shown in green, blue, and magenta, and the final fits are shown in red.
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Figure B2. The same as in Fig. B1, but for the data cubes of NGC 720 (with a broad H𝛼 component), NGC 936, and NGC 1068.
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Figure B3. Top: the same as in Fig. B1, but for the [S ii](_6716+_6731) emission lines of the data cube of NGC 1068. Middle: relativistic disc fit for the
spectral region around the H𝛽 emission line of the nuclear spectrum of NGC 1097, obtained with the formalism of Chen & Halpern (1989). The inclination of
the disc, relative to the line of sight, is 𝑖 ∼ 35◦. Bottom: the same as in the middle, but for the spectral region around the H𝛼 emission line.
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Figure B4. The same as in Fig. B1, but for the data cubes of NGC 1097 (without the emission from the relativistic disk) and NGC 1291 (without a broad H𝛼
component).
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Figure B5. The same as in Fig. B1, but for the data cubes of NGC 1291 (with a broad H𝛼 component), NGC 1300, and NGC 1316.
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Figure B6. The same as in Fig. B1, but for the data cubes of NGC 1365, NGC 1380, and NGC 1395.
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Figure B7. The same as in Fig. B1, but for the data cubes of NGC 1399, NGC 1404, and NGC 1553.
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Figure B8. The same as in Fig. B1, but for the data cubes of NGC 1566 and NGC 1574.
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Figure B9. The same as in Fig. B1, but for the data cubes of NGC 1808, NGC 2442, and NGC 3115.
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Figure B10. The same as in Fig. B1, but for the data cubes of NGC 3585, NGC 4594, and NGC 5643.
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Figure B11. Top: relativistic disc fit for the spectral region around the H𝛽 emission line of the nuclear spectrum of NGC 7213, obtained with the formalism of
Chen & Halpern (1989). The inclination of the disc, relative to the line of sight, is 𝑖 ∼ 28◦. Middle: the same as on the top, but for the spectral region around
the H𝛼 emission line. Bottom: the same as in Fig. B1, but for the H𝛽 and [N ii] + H𝛼 emission lines of the data cube of NGC 7213.
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Figure B12. The same as in Fig. B1, but for the data cubes of NGC 7213 ([S ii]_6716 + _6731 emission lines) and IC 1459.
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