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ABSTRACT

Red Geysers are quiescent galaxies with galactic scale ionized outflows, likely due to low-luminosity active galactic nuclei
(AGN). We used Gemini GMOS-IFU observations of the inner ~1-3 kpc of nine Red Geysers selected from the MaNGA survey
to study the gas ionization and kinematics. The emission-line ratios suggest the presence of Seyfert/LINER (Low Ionization
Nuclear Emission Region) nuclei in all sources. Two galaxies show Ha equivalent width (Ha EW) larger than 3 A (indicative
of AGN ionization) within an aperture 2 5 of diameter (1.3-3.7 kpc at the distance of galaxies) for MaNGA data, while
with the higher resolution GMOS data, four galaxies present He EW>3 A within an aperture equal to the angular resolution
(0.3-0.9 kpc). For two objects with GMOS-IFU data, the Ho EW is lower than 3 A but larger than 1.5 A, most probably due to a
faint AGN. The spatially resolved electron density maps show values between 100 and 3000 cm ~3 and are consistent with those
determined in other studies. The large (MaNGA) and the nuclear scale (GMOS-IFU) gas velocity fields are misaligned, with a
kinematic position angle difference between 12° and 60°. The [N 1] A6583 emission-line profiles are asymmetrical, with blue
wings on the redshifted side of the velocity field and red wings on the blueshifted side. Our results support previous indications
that the gas in Red Geysers is ionized by an AGN, at least in their central region, with the presence of outflows, likely originating
in a precessing accretion disc.
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similar result was found by Schawinski et al. (2007), but restricted to

1 INTRODUCTION . . - .
a sample of early-type galaxies: star-forming objects are in the blue

Galaxies in general present bi-modalities in several properties
(Strateva et al. 2001; Blanton et al. 2003; Kauffmann et al. 2003a;
Baldry et al. 2004; Bell et al. 2004; Mateus et al. 2006; Salim et al.
2007; Wetzel, Tinker & Conroy 2012), such as colours (Strateva
et al. 2001; Salim et al. 2007), D,,(4000) index (Kauffmann et al.
2003a), and star formation rate (SFR) (Mateus et al. 2006; Wetzel
et al. 2012). Such bi-modalities reveal a dichotomy between two
major classes (or ‘sequences’) of galaxies: blue (star-forming, SF)
and red (passive) objects. Blue sequence galaxies show ongoing
star formation, young stellar populations, and lower stellar masses.
Meanwhile, red sequence galaxies have older stellar populations,
higher stellar masses, and quenched star formation. Active galactic
nuclei (AGNs) hosts present colours and SFRs between those of the
red and blue sequences (Mateus et al. 2006; Sanchez et al. 2018). A
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sequence and objects without emission lines are in the red sequence
(passive galaxies). Composite galaxies (star-forming + AGN) lie
between these two regions, while galaxies whose gas ionization
source is dominated by an AGN (Seyfert and LINER) are close
to/in the red sequence. These results led to AGN feedback being
considered a possible mechanism to quench star formation and make
the galaxy evolve from star-forming to quiescent. However, the nature
of the mechanisms leading to the transformation of galaxies from the
blue to the red sequence is an open question in our understanding of
galaxy evolution.

AGN feedback has been suggested as a possible explanation for
the relation between the mass of the central supermassive black hole
(SMBH) and the stellar velocity dispersion of the bulge, the Mpy—
o relation (e.g. Magorrian et al. 1998; Ferrarese & Merritt 2000;
Gebhardt et al. 2000; Kormendy & Bender 2013). Furthermore,
it is an important ingredient in cosmological simulations; if not
considered, such simulations result in galaxies with larger stellar
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masses than observed (Di Matteo, Springel & Hernquist 2005;
Springel, Di Matteo & Hernquist 2005; Bower et al. 2006). Thus,
AGN feedback is invoked as a mechanism that can suppress star
formation in the host galaxies (Cano-Diaz et al. 2012; Cresci et al.
2015; Carniani et al. 2016; Wylezalek & Zakamska 2016), regulating
their growths. Besides this ‘negative feedback’, AGN can also induce
star formation in a few cases that are then considered ‘positive
feedback’ (Ishibashi, Fabian & Canning 2013; Cresci et al. 2015;
Maiolino et al. 2017; Mallmann et al. 2018; Gallagher et al. 2019;
Riffel et al. 2021).

Negative AGN feedback present two main modes of operation:
radio/maintenance mode occurs when the jets from the SMBH accre-
tion disc heat the gas of the host galaxy and circumgalactic medium,
preventing it from cooling (Croton et al. 2006) and maintaining
a low star formation rate. Radio mode feedback occurs in AGN
with luminosity (L) much smaller than the Eddington luminosity
(L < 0.01Lgqq; Fabian 2012).

The second mode of negative feedback is the radiative/wind
mode that can quench star formation in the host galaxy (Di Matteo
et al. 2005), as winds from the AGN remove gas from the galaxy’s
gravitational potential or heat a large amount of gas preventing the
star formation. In this feedback mode, typically found in quasars, the
AGN luminosity is close to the Eddington limit (Fabian 2012).

Cheung et al. (2016), using MaNGA (Mapping Nearby Galaxies at
APO) integral-field spectroscopy (IFS) data from the Sloan Digital
Sky Survey-IV (SDSS-1V; Bundy et al. 2015; Drory et al. 2015;
Law et al. 2015; Yan et al. 2016; Blanton et al. 2017; Wake et al.
2017), found a new class of quiescent galaxies (NUV — r > 5)
that show narrow bi-symmetric features in the Ho equivalent width
resolved maps aligned with the gradient of the gas velocity field and
misaligned with stellar velocity field. These galaxies became known
as Red Geysers. They present gas velocity fields with an amplitude
reaching +200-300 km s ~! and being at least 1.5 times larger than
the amplitude of the stellar velocity field (Cheung et al. 2016; Roy
et al. 2018).

Studying in detail the Akira galaxy, the prototype of the Red
Geyser class, Cheung et al. (2016) showed that it presents large scale
ionized bipolar outflows probably driven by a low-luminosity AGN
(LLAGN), suggesting that the large scale gas kinematics in Red
Geysers is produced by AGN-driven winds. Using optical long-slit
spectroscopy for two Red Geysers, Roy et al. (2021a) found that
the emission lines present strong asymmetries in locations along the
bi-symmetric pattern of the Ha equivalent width map. The emission-
line profiles show blue wings on the redshifted side of the velocity
field and red wings on the blueshifted side, being interpreted as
winds signatures (Roy etal. 2021a). Riffel etal. (2019), by combining
large scale (MaNGA) and nuclear region IFS (GMOS-Gemini Multi-
Object Spectrographs; Allington-Smith et al. 2002; Hook et al. 2004),
found that the ionized outflow observed for the Akira galaxy changes
the orientation about 50° from the nucleus to kpc scales and it is
consistent with winds originated in a precessing accretion disc.

So far, studies on Red Geyser galaxies suggest the presence of
low-luminosity AGN responsible for winds driven by the central
source (Cheung et al. 2016; Roy et al. 2018, 2021c). AGN signatures
have been found in Red Geysers, mainly based on radio observations,
as observed in Akira (Cheung et al. 2016). Furthermore, Roy et al.
(2018), Roy et al. (2021c) demonstrated that Red Geysers have an
excess of radio emission when compared to non-active galaxies, and
this was interpreted as due to the presence of low-luminosity radio-
mode AGNSs.

The low angular resolution of the MaNGA data (275) limits the
detection of low-luminosity AGN using optical diagnostic diagrams,

AGN in Red Geysers 1443

as the central aperture includes emission from gas that is located up to
1.3-3.7 kpc from the nucleus (on average). Higher spatial resolution
data can be used to map the ionized gas emission down to the inner
few hundred pc (300-900 pc) of Red Geysers and verify whether it is
consistent with AGN ionization or not. However, such observations —
with angular resolution about four times better than that of MaNGA
— are available so far only for two Red Geysers (Riffel et al. 2019;
Roy et al. 2021a). In both cases, the [N 1] 16583/Ha and [O 1]
L6583/Hp line ratios are typical of low-ionization nuclear emission-
line regions (LINERs). However, only Akira shows He EW >3 A
(Riffel et al. 2019), which is a signature of photoionization by an
LLAGN (Cid Fernandes et al. 2011). Thus, increasing the number of
higher resolution optical observations is essential to characterize the
nature of the gas emission and of the outflows in Red Geysers.

The outflows seen in Red Geysers are observed to extend up to
~5 kpc, more than five times the typical extent of the NLR (Narrow
Line Region) of Seyfert galaxies (Fischer et al. 2013). Furthermore,
these galaxies correspond to about 5-10 percent of the quiescent
populations with stellar masses around 10'° My (Cheung et al.
2016). Thus, they are an essential piece to understand low-luminosity
AGN feedback and its role in keeping the galaxy quiescent. Roy
et al. (2021c) analysed the radio morphology of a sample of 42 Red
Geysers, showing that galaxies with extended radio emission have
a lower star formation rate than those with a compact radio source.
This result can be related to the radio/maintenance mode feedback
effect in the interstellar medium. Furthermore, Roy et al. (2021b)
estimated the cool neutral gas mass of 10’-10% M, in the central
region of Red Geysers, which could trigger a star formation rate
of ~1.0 Mg yr~!, but these objects display a much lower SFR ~
0.01 Mg, yr~!. The radio/maintenance mode feedback may explain
the low SFR observed in these galaxies, once the radio jet can heat
the gas preventing it from forming stars.

Red Geysers are quiescent galaxies that show outflows on galactic
scales, so they are interesting for studying feedback effects. However,
to fully characterize the feedback in these objects, it is necessary to
verify the origin of the gas emission and of the outflows. We use
Gemini GMOS IFS to map the ionized gas emission in the nuclear
region of nine Red Geysers at spatial resolutions of 0.3-0.9 kpc,
and investigate the gas ionization source using optical-emission line
ratio diagnostic diagrams. We also present an analysis of the main
kinematic properties of these objects. A detailed analysis of the
ionized gas kinematics, including the modelling and estimates of the
outflow properties, will be presented in a forthcoming work (Ilha
et al., in preparation).

In this work, we adopt the cosmological parameters 2 = 0.7, 2, =
0.3, 2, =0.7. This paper is organized as follows: Section 2 describes
the MaNGA data, sample selection, observations, and data reduction.
Section 3 presents the spectral fitting procedure. The results are
shown in Section 4 and discussed in Section 5, while Section 6
summarizes our conclusions.

2 THE SAMPLE, OBSERVATIONS, AND DATA
REDUCTION

2.1 The MaNGA data

The MaNGA survey obtained optical integral field spectra using the
2.5-m Sloan telescope (Gunn et al. 2006; Smee et al. 2013) for a
sample of about 10000 nearby galaxies (Bundy et al. 2015; Drory
etal. 2015; Law et al. 2015; Yanetal. 2016; Blanton et al. 2017; Wake
etal. 2017). MaNGA data have spectral coverage in the range 3600—
10400 A. The field of view (FoV) depends on how many fibres were
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used to observe the science object, which can vary between 19 and
127 fibres (covering an FoV from 1270 to 3270 in diameter). In the
MaNGA survey, data cubes are provided by the DRP (Data Reduction
Pipeline; Law et al. 2016) for each galaxy. DRP also provides the
reconstructed point spread function (PSF) at the griz photometric
bands for each MaNGA data cube. To estimate the PSF the DRP
uses a numerical simulation with the specific observing conditions of
each exposure (Law et al. 2016). The mean g-band PSF full-width at
half-maximum (FWHM) for 1390 MaNGA galaxies included in the
SDSS Data Release 13 (DR13; Albareti et al. 2017) is ~2754 (Law
etal. 2016). For the nine galaxies in our GMOS sample, the MaNGA
data cubes have PSF FWHM of ~2752 at the g-band and 2750 at
the r-band. Thus, we will adopt 2750 as the angular resolution of
the MaNGA data. In addition, fluxes, velocities, velocity dispersion,
equivalent widths for the strongest emission lines and also stellar
velocity and stellar velocity dispersion measurements, among other
properties derived from data cubes are provided by the Data Analysis
Pipeline (DAP; Belfiore, Westfall & Schaefer 2019; Westfall et al.
2019). For this work, we have used DAP data products from the
MaNGA Product Launch-8 (MPL-8). MPL-8 contains 6779 data
cubes and DAP products for ~6520 galaxies, which are now public
through the SDSS DR17 (Abdurro’uf et al. 2022). DAP fits the
stellar kinematics using the PENALIZED PIXEL-FITTING (PPXF) routine
(Cappellari & Emsellem 2004; Cappellari 2017). In the MPL-8, the
MILES-HC (Westfall et al. 2019) stellar spectra library was used as
template to fit the stellar continuum and also to determine the stellar
kinematics. According to Westfall et al. (2019), MILES-HC was
constructed dividing the MILES stellar library (Falcon-Barroso et al.
2011; Sénchez-Blazquez et al. 2006) into 49 groups. In each group,
the mean stellar spectrum was obtained, which leads to 49 template
spectra. However, spectra with prominent emission lines and those
with a low signal-to-noise ratio were excluded, thus 42 stellar spectra
are used to represent the stellar population contribution. In addition,
DAP also fits the emission-line profiles with single Gaussian curves
(Belfiore et al. 2019). We used SPX-MILESHC- MILESHC data
products, which include an analysis of each individual spaxel (SPX)
by DAP with MILES-HC to determine the stellar kinematics and to
fit the stellar continuum.

2.2 Selection of Red Geysers from MaNGA

Red geysers are quiescent galaxies, originally identified by Cheung
et al. (2016) to present rest-frame colour NUV — r > 5. Furthermore,
Roy et al. (2018) selected objects with low SFR, log(SFR[Mg
yr~']) <—2, to remove possible obscured star formation. Thus, only
galaxies that present NUV — r > 5 and log(SFR[M, yr~']) <—2
were included in our sample. The absolute magnitudes in the NUV
(from GALEX; Martin et al. 2005) and r (from SDSS) bands were
extracted from the NASA—Sloan Atlas' (NSA) catalogue. The values
for star formation rate were obtained from Chang et al. (2015), which
combines photometric data from the SDSS sample with the Wide-
Field Infrared Survey Explorer (WISE) data to determine the spectral
energy distributions (SEDs) and star formation rates for more than
800000 galaxies. In addition, Red Geysers present the following
properties, as described by Cheung et al. (2016) and Roy et al. (2018):
(1) abi-symmetric pattern in the resolved map of Ho equivalent width,
which was interpreted by Cheung et al. (2016) as enhanced due to
shocks or density increase along the outflow axis; (ii) a bi-symmetric
pattern seen on the map of Ho equivalent width aligned with the

Uhttp://www.nsatlas.org
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gradient of the gas velocity field and misaligned with the stellar
velocity field gradient; and (iii) a gas velocity field reaching values
of up to 250 km s~!, misaligned with the stellar velocity field and
with gas velocity amplitude at least 1.5 times the amplitude of the
stellar velocity field. These considerably high gas velocity values
suggest that the kinematics of the Red Geysers cannot be explained
only by motion due to the gravitational potential of the galaxy. The
disturbed kinematics is likely due to ionized gas outflows (Cheung
et al. 2016; Riffel et al. 2019; Roy et al. 2021a).

To quantify the misalignment between the gas and stellar velocity
fields, we calculated the difference between the global kinematic
position angles PA obtained for Ho and stellar velocity fields, as
APA = |PAgy; — PAgiia|. The global kinematic position angle (PA),
or the orientation of the line of nodes, was determined using the
IDL routine FIT KINEMATICS PA,> which is an implementation of the
method presented in Krajnovi¢ etal. (2006). The gas and stellar veloc-
ity fields were considered to be misaligned when 10° < APA < 80°
and 100° < APA < 170°, because these criteria remove co-rotating,
polar, and counter rotating discs from the sample. To determine the
ratio between the gas and stellar velocity amplitudes, we determine
the velocity amplitude by calculating the mean velocity value for
10 per cent of the spaxels with the highest absolute velocity values.
After these steps, we visually checked if the Red Geyser candidate
galaxy showed the bi-symmetric pattern on Ho equivalent width
map as described in Roy et al. ( 2018).

We found 92 Red Geysers in MPL-8, which comprises
~1.4 per cent of the galaxies with DAP data in this MPL. Roy et al.
(2018) found 84 Red Geysers in MPL-5, which is approximately
3 per cent of the galaxies with DAP measurements available in MPL-
5.Roy et al. (2021b) updated the sample of Roy et al. (2018) with the
MPL-9 data, which contains ~ 8080 DAP objects, 140 or 1.7 per cent
of them being Red Geysers. Sanchez (2020) found that Red Geysers
comprise less than 4 percent of the elliptical galaxies and less than
1 percent of the total galaxy population. We follow the selection
criteria defined in Roy et al. (2018), but there are some differences
in our selection process. Roy et al. (2018) visually determined the
misalignment between the stellar and gas velocity fields (which are
aligned to the bi-symmetric EW feature), while we quantified these
differences using APA. Furthermore, we compared the amplitude
of the velocity fields (stellar and gas) using only the 10 per cent
of the spaxels with the highest absolute velocity values, while this
was done by visual inspection in Roy et al. (2018). The spaxels
with velocity uncertainties greater than 25 km s~! were excluded
from these calculations. Thus, the different percentage of galaxies
between Roy et al. (2018) and our sample may be due to the use of
better defined quantities in our selection.

2.3 The GMOS sample

The [O111] 25007 luminosity (computed from the fluxes measured
within a nuclear aperture of 2”5 diameter) and APA distributions for
the Red Geyser sample are shown in Fig. 1. In order to select the Red
Geysers to be observed with GMOS-IFU, we computed the values
of APA that divide the Red Geysers of MaNGA sample into three
groups, each group containing ~ 33 per cent of the total sample.
The groups are: 10° < APA < 40°;40° < APA < 105°;and 105° <
APA < 170°. Then, we splitted each group in three [O 1] A5007
luminosity bins: Lioy; < 1.0 x 10% ergs s";L[o,“] = (1.0-2.45) x

2This routine was developed by M. Cappellari and is available at http://ww
w-astro.physics.ox.ac.uk/~mxc/software
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Figure 1. Plotof APA versus [O 111] 5007 luminosity (Lo ) for the sample
of Red Geysers selected from MaNGA (grey stars). Galaxies observed with
GMOS-IFU are shown as thin diamond with colours according to the He EW
values of the colour bar and the dotted vertical lines indicate the boundaries
of the APA groups. The Ho EW values were determined using GMOS-IFU
data with an aperture equal to the angular resolution of Table 1.

10% ergss™!; and Loy > 2.45 x 10% ergss~!. We chose Loy as

an indicator of the AGN power and the bins were chosen such that
each contain 1/3 of the total sample. The range of luminosities in
our sample is Loy = (0.10-20) x 10*° ergs s~!. Our final sample
contains nine objects, one of each group for each luminosity bin, as
shown in the Table 1 with the MaNGA identification of each galaxy
and Fig. 1. Thus, covering a wide range of APA and L, essential
to properly map the gas emission and kinematics of Red Geysers.
Table 1 also presents the properties of the GMOS-IFU sample, such
as redshift (z), NUV — r and SFR.

Fig. 3 shows the optical image, gas velocity field, equivalent width
map for one Red Geyser of our sample with MaNGA data. The target
clearly presents the criteria for being classified as a Red Geyser.
The same properties are shown in Figs A1-AS5 for other galaxies
with extended emission in the GMOS-IFU sample. We also present
in these figures the flux distributions, the excitation maps, and the
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BPT and WHAN diagrams with DAP data, which are discussed in
Sections 4 and 5.

2.4 GMOS observations and data reduction

The GMOS instruments are installed at the Gemini-North and
Gemini-South 8.1 m diameter telescopes. GMOS allows observations
between 4000 and 10000 A (Allington-Smith et al. 2002), in the
modes of long-slit spectroscopy, multi-object spectroscopy, integral
field spectroscopy, or imaging (Hook et al. 2004). The nine Red
Geysers were observed with GMOS integral field unit (IFU) of the
Gemini-North telescope. GMOS-IFU can operate in two modes, the
one slit mode and the two slit mode. For our observations, we chose
the one slit mode, since it produces a broader spectral range when
compared to the two slit mode. This allows the inclusion of the
strongest optical emission lines, such as HB, [O 11] 25007, [O1]
26300, Ha, [N 11] A16548,6583 and [S11] AA6716,6730, which are
important to determine the gas excitation mechanism. In the one
slit mode, GMOS-IFU uses 750 fibres, each of them connected to a
hexagonal lens, of which 500 are dedicated to the science exposures,
while the other 250 fibres cover the sky observations, separated by 1
arcmin from the main object. The GMOS-IFU FoV for this mode is
5”0 x 3"5. The observations were performed using the B600 grating.
With this configuration, GMOS-IFU data have a spectral coverage
from ~4400 A to 7400 A.

Table 1 shows the list of galaxies observed, the number of
individual exposures, the exposure time, and the Gemini programme.
For seven galaxies, we have obtained two exposures with the spectra
centred at 5900 A and at least one with the spectra centred at 5850
A, in order to interpolate the gaps between the GMOS detectors. For
MaNGA 1-296801 and MaNGA 1-197230 the spectra were centred
at 6000 A, 6005 A, and 6015 A, 6020 A, to avoid that strong emission
lines fall into the detectors gaps.

The data reduction was performed with IRAF software using
the standard GEMINI package, which includes routines developed
specifically for GMOS-IFU data reduction. We have followed
the standard steps of spectroscopic data reduction, including bias
subtraction, flat-field correction, background subtraction for each
science data, quantum efficiency correction, sky subtraction, wave-
length, and flux calibration. Furthermore, removal of cosmic rays
was performed with the LACOS algorithm (van Dokkum 2001).
Data cubes for each exposure were created with an angular sampling
of 0705 x 0705.

Table 1. Sample of Red Geysers observed with GMOS-IFU. (1) Galaxy identification in the MaNGA survey. (2) Redshift from the NSA catalogue. (3)
Rest-frame colour NUV — r. The absolute magnitudes in the NUV and r bands were extracted from the NSA catalogue. (4) Star formation rate from Chang
et al. (2015). (5) Difference between the global kinematic position angles (PA) obtained for Ha and stellar velocity fields, APA = |[PAgss — PAgeelar|. (6) The
luminosity of [O11] 25007 A measured within the inner 275 diameter with MaNGA data. (7) Number of exposures performed for each galaxy. (8) Time of
each exposure. (9) Programme identification codes on Gemini. (10) — (11) Spatial resolution for each galaxy measured from the full-width at half maximum
(FWHM) of field stars in the GMOS-IFU acquisition image. (12) MaNGA spatial resolution.

MaNGA-ID z NUV —r log(SFR) APA (%) Liom Exposure  Exposure Programme ID GMOS spatial GMOS spatial MaNGA spatial
(Mg yr™h) (10¥ ergs™!)  number time (s) resolution (pc)  resolution (arcsec)  resolution (pc)
()] 2) (3) (C)) (5 (6) (@) ®) ) (10) 1 (12)
1-523238 0.0277 543 —2.353 115.0 0.831 4 1200 GN-2020A-Q-130 400 0.70 1440
1-352045 0.0316 5.90 —4.388 47.0 0.370 3 1200 GN-2020A-Q-130 390 0.60 1640
1-114245 0.0288 5.94 —3.758 105.0 1.068 4 1000 GN-2020A-Q-130 330 0.55 1500
1-197230 0.0752 6.02 —3.448 109.0 7.304 4 1200 GN-2020A-Q-130 890 0.60 3710
1-296801 0.0531 5.73 —3.528 38.5 4.619 4 1200 GN-2020A-Q-130 530 0.50 2690
1-24104 0.0299 5.90 —3.783 159.5 2.006 3 1200 GN-2020A-Q-130 380 0.61 1560
1-385124 0.0289 5.71 —3.958 41.5 3.102 3 970 GN-2020A-Q-226 300 0.50 1500
1-474828 0.0252 5.78 —2.853 38.0 0.823 3 980 GN-2020A-Q-226 300 0.57 1320
1-279073 0.0323 5.22 —4.058 38.0 2.301 3 980 GN-2020A-Q-226 370 0.55 1680
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After the standard reduction processes, we also applied the
techniques presented in Menezes et al. (2019) and Ricci, Steiner &
Menezes (2014) in order to improve the quality of the data cubes.
First, we corrected all exposures for the differential atmospheric
refraction effect using the equations proposed by Bonsch & Potulski
(1998) and Filippenko (1982). After this, we created a data cube
for each object by calculating the median of all observed exposures.
Then, we removed high spatial frequency noises using a Butterworth
filter (Gonzalez & Woods 2002) with a filter order n = 2 and a cut-
off frequency of ~ 0.20 Fny, where Fny is the Nyquist frequency.
These parameters for the filters assures that we are removing only
those structures with a spatial frequency that is higher than the
frequency of the PSF of the data cubes. Next, we used Principal
Component Analysis (PCA) Tomography (Steiner et al. 2009) to
remove instrumental fingerprints with spatial and spectral low-
frequency signatures. Finally, we removed the telluric lines of all
spectra of the data cubes. At this point, the data cubes are ready for
science analysis.

The spectral resolution obtained from the full-width at half-
maximum (FWHM) of the typical emission lines of the CuAr lamp
spectrum is ~ 1.6 A, which corresponds to ~ 90 km s~!. The spatial
resolutions shown in Table 1 were estimated from the measurement
of the FWHM of the flux distributions of the field stars and with the
distances of galaxies determined by the redshifts of Table 1.

3 SPECTRAL FITTING

To subtract the underlying stellar contribution of the GMOS-IFU
spectra, we have used the PPXF routine to fit the continuum/absorption
spectra of each galaxy. PPXF assumes that the observed spectrum can
be modelled as the convolution between stellar templates and the
line-of-sight velocity distribution (LOSVD), which is represented by
a Gauss—Hermite series (Cappellari & Emsellem 2004; Cappellari
2017). In our fit, four Gauss—Hermite moments were included:
velocity, velocity dispersion, 43 and h4, and PPXF was allowed to
use multiplicative Legendre polynomials to correct the continuum
shape during the fit. The chosen stellar template library was MILES-
HC (Westfall et al. 2019) which includes 42 spectra obtained from
the MILES stellar spectra library (Sdnchez-Blazquez et al. 2006;
Falcon-Barroso et al. 2011). The main reason to use this library was
its previous application in the DAP data products, which we used
to select our sample, thus making our analysis consistent with the
MaNGA data.

After the subtraction of the stellar contribution from the observed
data cubes, we used the IFSCUBE (Ruschel-Dutra 2020, 2021)
Python package to fit the emission-line profiles and measure the
gas properties. This package allows the fit of emission-line profiles
with Gaussian functions or Gauss—Hermite series. From tentative
fits of the emission lines we concluded that their profiles present
deviations from a single Gaussian shape, presenting blue or red
wings. We thus decided to fit the profiles with Gauss—Hermite series,
which can account for the observed deviations. The profiles of the
following emission lines were fitted by Gauss—Hermite series: Hp,
[O m1] Ax4959, 5007, [O1] 26300, He, [N 1] 116548,6583, and
[S11] AA6716,6730.

The following constraints were imposed: (i) The kinematics of all
emission lines were kept tied. The centroid velocity can range from
—350 to 350 km s~ in relation to the velocity calculated using the
redshift of each galaxy. The velocity dispersion can vary between
30 and 350 km s~!; (ii) Gauss—Hermite moments /3 and h4 are
restricted to the interval —0.3-0.3 for all emission lines. Negative
values of /3 indicate the presence of a blue asymmetric wing, while
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Figure 2. Examples of fits of the Ho and [N 11] A16548,6583 emission-line
profiles for the nuclear spaxel of four galaxies of our GMOS-IFU sample.
The data are shown as black lines and the fits by Gauss—Hermite series as red
lines.

positive values indicate the presence of a red asymmetric wing in
the line profiles. The 4, moment quantifies symmetric deviations
of the line profiles from a Gaussian, with negative (positive) values
indicating a flatter (more peaked) line profile — i.e. profiles with a
lower or larger kurtosis compared to a Gaussian function. (iii) The
[O11] A5007/[O 111] A4959 and [N 11] A6583/[N11] 16548 flux ratios
were fixed to their theoretical values of 2.98 and 3.08 (Osterbrock &
Ferland 2006), respectively. These constraints are necessary to
properly fit the emission lines in the blue part of the spectra, which
are very faint in some objects. Fig. 2 shows examples of the fits of
the [N 1] A16548,6583 and Hwo emission lines in the central spaxel
of four galaxies in our sample. One may see that the emission-line
profiles are well reproduced by a Gauss—Hermite series.

4 RESULTS

4.1 Emission-line flux distributions

Figs 3 and A1-A6 show the continuum flux distribution from the
GMOS-IFU data for all galaxies of our sample, obtained by comput-
ing the mean flux values in a ~500A wide spectral window centred
at ~5450 A. The GMOS-IFU and MaNGA-DAP flux distributions
of [N 11] 16583 for the six galaxies with extended emission are shown
in Figs 3 and A1-AS. All images were rotated so that the North is up
and East is to the left. The light grey regions in the GMOS-IFU maps
correspond to locations where the corresponding emission line is not
detected above 30 of the noise level computed in a spectral window
next to the line, as well as regions not covered by the GMOS-IFU
field of view (delineated by the green lines). The light grey in the
DAP maps are regions outside of MaNGA FoV or were removed
using the flux quality mask from DAP.

We do not present the flux maps for the other emission lines
because they are similar to those of [NII] A6583. In some cases
we were able to measure Hp and [O 111] A14959,5007 only in a few
spaxels. The GMOS signal-to-noise ratio (SNR) in the blue part of the
spectra is low (SNR < 10) and these lines are weak in Red Geysers,
not being detected above 3¢ the noise level. Figs A7-A9 present the
evaluated SNR for the blue and red regions of the observed spectra,
as well as the extracted spectrum for the nuclear spaxel of each target.
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Figure 3. Maps produced using MaNGA-DAP and modelling the emission-line profiles of GMOS-IFU data for the galaxy MaNGA 1-385124. The first row
presents the optical image from SDSS with the MaNGA-IFU shown in magenta and the GMOS-IFU FoV shown in green, and the continuum map. The green
rectangles in all images indicate the GMOS-IFU FoV. In the second (MaNGA) and third (GMOS-IFU) rows the [N 11] 16583 flux, He equivalent width (EW),
[N 1] 16583 velocity, and [N 1] 46583 velocity dispersion maps are shown. The continuum and flux maps are in units of erg s~' cm~2 arcsec™2 A~! and erg
s~! cm~2 arcsec~2. The black bars in the flux maps show the MaNGA and GMOS-IFU spatial resolutions. The EW maps are in units of A. The black contours
in the velocity fields represent the [N 11] 26583 equivalent width distribution. The velocity fields are in the unit of km s~ relative to the systemic velocity of the
galaxy. In all velocity maps, the dashed black line shows the position angle (PA) of the kinematic major axis of the gas velocity field. The fourth row shows the
spatially resolved BPT excitation map, BPT diagram (Baldwin, Phillips & Terlevich 1981), WHAN map, and WHAN (Cid Fernandes et al. 2010, 2011) diagram
with MaNGA data. The continuous lines shown in the BPT diagrams are from Kewley et al. (2001), the dashed line is from Kauffmann et al. (2003b) and the
dotted line is from Cid Fernandes et al. (2010). In the fifth row the [N 11]/He, [S 1I]/Ha emission-line ratios, WHAN excitation map, and WHAN diagrams
are presented for GMOS-IFU. The following labels were used in the diagrams: LIN: LINER (Low-ionization nuclear emission-line region), Sy: Seyfert, SF:
star-forming region, TO: transition object, WAGN: weak AGN, sAGN: strong AGN and RG: retired galaxy (region). The sixth row shows the electron density
map in the units of cm =3, h3 and hy Gauss-Hermite moments from GMOS-IFU data.
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In general for both data sets, [N 1] 26583 flux distributions follow
the same pattern in each galaxy, with an emission peak at the
nucleus and a weak extended emission over the FoV. The strongest
[N11] 26583 extended emission accross the FoV are observed for
the following galaxies: MaNGA 1-385124, 1-296801,1-24104,1-
114245, 1-197230, and 1-279073. MaNGA 1-385124, 1-24104, and
1-114245 show extended emission similar to the Akira galaxy (Riffel
et al. 2019). Fig. A6 shows the [N 11] 26583 GMOS-IFU flux maps
for the three galaxies where the emission lines are detected only in a
compact structure with a radius of ~170. In these galaxies, the blue
emission lines are not detected in the GMOS-IFU spectra throughout
the whole FoV.

4.2 Equivalent width maps

The Ho equivalent width (EW) maps for the six galaxies with
extended emission are presented in the second panels of the second
and third row of Figs 3 and A1-AS. The DAP EW maps, in general,
show the largest values in the nuclear region, and they show an EW
bi-symmetric feature aligned with the gradient of the gas velocity
field. MaNGA 1-385124, 1-296801,1-197230, and 1-279073 show
EW Ha > 3 A in some regions.

The GMOS-IFU EW maps clearly show that the bi-symmetric
emission features observed in the large scale MaNGA maps extend
inward to the nuclear region, except for galaxy MaNGA 1-385124.
For the galaxy MaNGA 1-197230, this pattern is less evident. The
GMOS-IFU EW maps of four galaxies present nuclear region with
values larger than 3 A (MaNGA 1-279073, 1-296801, 1-385124,
and 1-197230). In two of these maps, there are locations with EW
greater than 6 A (MaNGA 1-279073 and 1-296801). Only MaNGA
1-24104 and 1-114245 do not present EW larger than 3 A across the
Ha EW map, although it presents regions with ~2 A. The highest
equivalent widths are seen at the nucleus, with the intermediate/high
values distributed along with the bi-symmetric pattern. GMOS-IFU
EW maps values are usually larger than those of the MaNGA-DAP
map. The [N 11] EW distributions are not shown, because they present
a similar pattern.

Riffel et al. (2019) found a change in the orientation of the
ionization pattern from the nuclear region to galactic scales for
the Akira galaxy, the prototype Red Geyser. Akira also presents
a variation in the outflow orientation observed in the gas velocity
fields. Both variations are interpreted by Riffel et al. (2019) as due
to precession of the accretion disc. Among the six Red Geysers
with extended emission over the whole GMOS-IFU FoV (Figs 3
and A1-AS), at least three galaxies show misalignment of the gas
ionization pattern from the nucleus to kpc scales (MaNGA 1-279073,
1-114245, 1-24104), while the other three (MaNGA 1-385124 and
1-197230, 1-296801) present similar emission orientations at nuclear
and kpc scales. In Sections 4.5 and 5.3, we quantify and discuss the
misalignment of velocity fields and the implications of the result.

4.3 GMOS emission-line ratios

Figs 3 and A1-AS5 also show the [N1] A6583/Ho and [S 1]
AA6716,6730/Ha emission-line ratio maps for the six galaxies with
GMOS-IFU extended emission. These maps were used to verify
the gas excitation mechanisms. The emission-line ratios show a
wide range of values and distributions for each galaxy. The [N 11]
A6583/Ha values range from 0.75 (for MaNGA 1-279073) to 4.5
(MaNGA 1-197230), while [S 1] Ar6717,6731/Ha shows values
ranging from 0.75 to 3.
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For three objects the [N 11] 16583/Ha ratio has the lowest values in
the nucleus: ~1 for MaNGA 1-296801, ~1.5 for 1-385124, and ~2
for 1-197230. The highest values are in ‘shells’ around the nucleus
(greater than 2 for MaNGA 1-296801, ~3 for MaNGA 1-385124,
and greater than 3.5 for 1-197230) observed at the edges of the
distributions. The targets MaNGA 1-24104, 1-114245, and 1-279073
show [N 1] 16583/Ha emission-line ratios with the largest values
at the nucleus, but also present extranuclear knots of high values.
While for [S 1] AA6716,6730/Ha, smaller values in the nuclear
region are observed, surrounded by higher values, for MaNGA 1-
385124, 1-296801, 1-279073. For MaNGA 1-24104 and 1-114245
the largest [S 11] /Ho values are observed along the EW bi-symmetric
feature. Unlike [N 11] /He, the distribution of [S 11] /Ha show higher
values at the nucleus for MaNGA 1-197230. The [O 1] A6300/Ha
maps are not shown but are used to construct the BPT diagram in
Fig. 4.

4.4 GMOS electron density maps

Assuming a temperature of 10* K, the [S 11] A6716/[S 11] 16730 ratio
was used to obtain the electron density (/V,) using the PYNEB python
routine (Luridiana, Morisset & Shaw 2015). The N, maps are show in
Figs 3 and A1-A5 and present values in the range 100 cm™ < N, <
2000 cm 3. The highest N, values are usually observed at the edges
of the FoV. The only exception is MaNGA 1-279073 that shows the
greatest values (N, > 1000 cm™3) at the nucleus and at the edges of
the FoV.

The galaxy MaNGA 1-296801 presents electron density greater
than 3000 cm ™~ to the south-west and north-east of the nucleus, being
the object with the highest N, in our sample. MaNGA 1-385124
presents N, > 1200 cm™ to the east of the nucleus, and 1-114225
shows N, > 600 cm ™3 to the north. For 1-19720, it was possible to
determine N, only in a few spaxels. Finally, MaNGA 1-24104, on
the other hand, shows some ‘hotspots’ where the highest densities
(N, > 600 cm™) are observed.

4.5 Gas kinematics

We present the [N 11] A6583 velocity and velocity dispersion (o) maps
from GMOS-IFU and DAP data for the six galaxies with extended
emission, as shown in the second and third rows of Figs 3 and Al-
AS5. The hs and hy maps for GMOS-IFU are shown in the sixth
row of Figs 3 and A1-AS. Similarly to GMOS-IFU flux and EW
maps, the light grey regions are locations where the emission line
was not detected above 3¢ the noise level. The light grey regions in
the DAP maps are regions outside of MaNGA FoV or removed using
the data quality mask from DAP. The black contours in the velocity
fields represent the [N 11] 16583 equivalent width values distribution.
The systemic velocity of the galaxies was subtracted for all velocity
maps.

The MaNGA velocity fields reach absolute values greater than
200-300 km s~' and GMOS-IFU maps reach absolute values
larger than 150-300 km s~!. The velocity fields at small and
large scales are distinct with the orientations changing. We have
used the FIT_KINEMATICPA routine of Krajnovié¢ et al. (2006) to
symmetrize both gas velocity fields and to measure the orienta-
tion of the line of nodes. The corresponding PA values for each
galaxy are plotted in Figs 3 and A1-AS, clearly showing that the
gas velocity fields have different orientations at small and large
scales. The orientation change is between 12° and 60° from the
nuclear region (GMOS-IFU) to kpc scales (MaNGA), as shown in
Table 2.
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Figure 4. BPT (Baldwin et al. 1981) and WHAN diagrams plotted with the emission-line ratios within an aperture of 2’5 in diameter for the MaNGA data
and within an aperture equal to GMOS-IFU spatial resolution for the corresponding data. The values obtained from MaNGA are shown in magenta and the
values from GMOS in blue. The continuous lines shown in the BPT diagrams are from Kewley et al. (2001). For the BPT diagram including [N 11] /Ha: The
dashed line is from Kauffmann et al. ( 2003b) and the dotted line is from Cid Fernandes et al. (2010). For the BPT diagrams including [O1]/He and [S
1] /Hee: The dashed lines are from Kewley et al. ( 2006). The solid blue lines are from Law et al. (2021). The following labels were used in the diagrams:
LIN-LINER (Low-ionization nuclear emission-line region); Sy—Seyfert; SF— star-forming galaxies; TO-transition objects; wAGN-weak AGN; sSAGN—strong
AGN; RG-retired galaxies; and Int—intermediate, as defined by Law et al. (2021).

Table 2. Large and small scale kinematic position angle values. (1) Galaxy
identification in the MaNGA survey. (2) GMOS kinematic position angle.
(3) Difference between the GMOS and MaNGA global kinematic position
angles (PA).

MaNGA-ID PA PA APA
MaNGA GMOS |[MaNGA-GMOS|
1-114245 6.0° £ 0.5° 35.0° £ 0.5° 29.0° £ 0.7°
1-197230 17.0° £ 0.5° 159.0° £+ 2.0° 38.0° & 2.0°
1-296801 128.0° &£ 0.5° 140.0° £ 1.0° 12.0° £ 1.0°
1-24104 24.0° £ 1.0° 144.0° £+ 1.0° 60.0° + 1.5° 1
1-385124 17.0° £ 0.5° 62.0° £ 3.5° 45.0° £ 3.5°
1-279073 155.0° &+ 0.5° 122.0° £ 5.0° 33.0° £ 5.0°

Notes. t Note that PA is the angle along which the velocity shows the
maximum gradient, then APA needs to be corrected for 180-APA for these
two galaxies.

The MaNGA velocity dispersion maps reveal o > 200-250 km s~!
at the nucleus and for the regions along the bi-symmetric emission
patterns, indicating disturbance in the gas velocity fields. Regions of
intermediate o values 150200 km s~! surround the regions with the

largest values. The lowest o [N 11] A6583 are between 70 and 150 km
s~! and are found in ‘spots’ across the FoV. The GMOS data show
the highest o values observed co-spatially with the nucleus for all
galaxies, reaching up to o ~ 200-250 km s~!. The o values ~150-
200 km s~! are commonly seen in narrow strips across the FoV,
except for the galaxies 1-197230 and 1-279073. The first galaxy
shows & ~200 km s~! almost in the entire velocity dispersion field.
For 1-279073, the intermediate o values are observed near to the
nucleus.

The h; Gauss—Hermite moment reproduces asymmetric profiles,
h3 positive indicating a red asymmetric wing in the emission-line, and
h3 negative indicating a blue asymmetric wing (Riffel et al. 2010).
The h4 moment measures whether the profile has a flatter kurtosis
(hy < 0) than a Gaussian profile, or a more peaked kurtosis with
hy > 0 (Riffel et al. 2010; Ruschel-Dutra 2021). All maps reveal /4
usually positive in almost the entire FoV with different distributions
for each galaxy. Usually, the positive /3 are observed co-spatially
with the blueshifted positions in the velocity fields and the negative
values with the redshifted positions. Only MaNGA 1-296801 shows
h3 > 0 in both regions, but the 43 map seems dominated by negative
hs.
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5 DISCUSSION

5.1 Gas excitation

Optical emission-line ratio diagrams, such as the BPT diagrams
(Baldwin et al. 1981), can be used to map the excitation of the
gas. In the case of the [O 1] A5007/HB x [N 1] A6583/He diagram,
the regions are divided among SF corresponding to gas ionized by
young stars, Transition Objects (TO) where ionization is due to AGN
together with star formation, and LINERs/Seyfert. These divisions
follow the criteria of Kauffmann et al. ( 2003b) and Kewley et al.
(2001), Kewley et al. (2006), where regions with

0.61 n
log([NI]A6583 /Ha) — 0.05
correspond to SF galaxies, while those defined by

0.61
log(INI]A6583 /Ha) — 0.47

are LINERs or Seyferts. Objects between these two curves are
classified as TO. Following Cid Fernandes et al. (2010), we separate
LINER and Seyfert excitation according to the division line

log([OmJA5007/HB) = 1.01log([N 11]JA6583/Har) + 0.48, 3)

log([O m]A5007/HB) <

1.3 (1)

log([O]A5007/HB) > +1.19 (2

where Seyfert (LINER) objects are located above (below) this line.

With MaNGA data, we construct the BPT diagram and excitation
maps using the [N 1] A6583/He and [O 111] A5007/Hf emission-line
ratios, as shown in fourth row of Figs 3 and A1-AS5. All galaxies
show AGN ionized gas signatures in the BPT excitation maps with
MaNGA data. Some of them also have gas ionization due to star
formation, such as MaNGA 1-24425 and 1-296801. The nuclear
region (2”5 in diameter) shows LLAGN in all objects of our sample.
In the BPT diagrams, gas ionization due to hot low-mass evolved
stars (Stasinska et al. 2008; Cid Fernandes et al. 2011), excitation by
shocks and true AGN can all result in spectral line signatures that
locate the galaxy spectrum in the LINER region. The combination
of the [N1I] A6583/Hwo emission-line ratio and the Ho equivalent
width, known as WHAN diagram, can be used to separate true AGN
from ‘fake’ AGN (Cid Fernandes et al. 2010, 2011).

Using the values obtained for Ha equivalent width and [N 11]
A6583/Ha emission line ratio, we built the WHAN diagram (Cid
Fernandes et al. 2010, 2011) and the excitation map using the
MaNGA data. They allow identifying if the gas excitation is caused
by star formation (Hoe EW > 3 A and log([N11] /He) < —0.4), or
by low-mass hot evolved stars (Ho EW < 3 A), typical of retired
galaxies (RG; Stasinska et al. 2008; Cid Fernandes et al. 2011).
Furthermore, it is also possible to check if the ionization source is a
strong AGN (i.e. Seyfert; He EW > 6 A and log([N11] /He) > —0.4)
or a weak AGN (i.e. LINER; Hoe EW > 3 A and log([N 1] /Her) >
—0.4). The fourth row of Figs 3 and A1-A5 show WHAN maps
and the respective diagrams using DAP data for the six Red Geysers
in our sample that present extended emission. In the nuclear region,
within 275 in diameter, the gas excitation is due to AGN only in the
galaxies MaNGA 1-279073 and 1-296801.

We present the maps with the main emission-line ratios using
the GMOS-IFU data in the bottom rows of Figs 3 and A1-AS.
Unfortunately, we were not able to detect extended emission in the
[O11] A5007 and Hp lines in most objects due to the lower quality
of the GMOS-IFU data in the blue part of the spectra. A value of
[N 1]/Ha > 1.0 is consistent with gas excited by a central AGN
(Kewley et al. 2001, 2006). Five galaxies have [NT1I]/Ha greater
than 1.0 ; only the galaxy MaNGA 1-296801 has smaller values
(~1.0). For [Su]/Hae >0.7 the gas excitation may be dominated
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by AGN photoionization (Kewley et al. 2001, 2006). All galaxies
with extended emission show [SII]/Ha greater than 0.7. Thus,
the observed line ratios are compatible with the presence of low-
luminosity AGNs in all galaxies of our sample of Red Geysers.

Although we do not have measurements of [O11] A5007 and
Hp for the entire GMOS-IFU FoV, we have integrated the spectra
within a nuclear aperture corresponding to the GMOS-IFU spatial
resolution in order to increase the signal-to-noise ratio of the spectra
and measure the [O 11] A5007/Hp nuclear line ratio. This aperture
corresponds to 0.3-0.9 kpc at the distance of the galaxies. We fit
the emission-line profiles of the resulting spectrum following the
procedure described in Section 3. The resulting fluxes are used to
construct the BPT diagrams shown in Fig. 4. This figure also shows
the ratios based on MaNGA data for an aperture of 2”5 diameter (the
angular resolution of the data), corresponding to 1.3-3.7 pc at the
distance of galaxies. From the GMOS data, we were able to measure
the [O11]/HB and [O 1]/He ratios in six galaxies, while the [N
1] /He and [S 1] /Ho were obtained for all galaxies. Columns (2)—
(9) of Table 3 show the ratios between the emission lines within the
nuclear aperture corresponding to the GMOS-IFU spatial resolution
and for an aperture of 2”5 diameter for the MaNGA data.

The [O1]/He, [N 1] /Ha, and [S 1] /Ha emission-line ratios for
the GMOS-IFU data are usually equal to or larger than those obtained
for MaNGA, likely because in these objects the peak of the line
ratios are observed at the nucleus and mixed with lower values from
extranuclear regions in the MaNGA data. On the other hand, the
[O 11]/HB values are smaller for GMOS-IFU. This is likely due
to the lower signal-to-noise ratio (SNR < 10) in the blue region of
the GMOS spectra, as presented in Figs A7-A9 and a possible
second order contamination of the spectra which is more important
in the blue part of the GMOS spectra. From the GMOS-IFU data, we
found that all objects are located in the Seyfert and LINER regions
of the BPT diagram, except MaNGA 1-296801 which lies in the
division between TO and LINER. These results were also observed
for the MaNGA data. In the BPT diagrams of Fig. 4, we also plot the
classification lines from Law et al. (2021), the solid blue lines, which
uses MaNGA data to improve the boundaries used to determined the
gas ionization mechanism in galaxies. This classification divides the
BPT diagrams in four regions: AGN (that we refer to as ‘Seyfert’);
LI(N)ER; star-forming and intermediate (Int). Based on this division,
galaxies have Seyfert or LI(N)ER ionization with both data, except
1-24104 in the [O 1] /He diagram.

In the WHAN maps and in the respective diagrams of Figs 3 and
A1-A5, all galaxies show regions typical of ‘retired galaxies’ (Ho
EW < 3 A) and for two of them this is the case in all spaxels. Four Red
Geysers have gas ionization caused by AGN: MaNGA 1-279073, 1-
296801, 1-385124, and 1-197230. We also plot this diagram with Ho
equivalent width values and the [N 11] /He ratios obtained within an
aperture equal to GMOS-IFU spatial resolution and 2”75 (MaNGA),
as shown in Fig. 4. The Hoe EW values are in the columns (10)—(11)
of the Table 3. Cid Fernandes et al. (2010, 2011) proposed a cutoff
above 3 A in Ho EW to identify a galaxy as AGN. According to
Fig. 4 this is found in two galaxies in the MaNGA data and in four
galaxies in the GMOS-IFU data.

Sanchez et al. (2018) have proposed a lower limit of He EW
= 1.5 A to identify AGN in the MaNGA survey. These authors
followed Cid Fernandes et al. ( 2010, 2011), but relaxing the EW
Ho Seyfert/LINER borderline to include weaker AGN. Indeed, as
discussed in Cid Fernandes et al. ( 2011), accreting black holes can
still contribute with a significant fraction of the ionizing power for
Ho EW between 1.0 and 3.0 A. In addition, radio observations of
Red Geysers show that they present higher luminosities than control
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Table 3. Emission-line ratios and Ho equivalent width values extracted within a nuclear aperture equal to GMOS-IFU spatial resolution — column (11) of Table 1-and 2”5 for MaNGA. (1) Galaxy identification
in the MaNGA survey. (2)—(8) The emission-line ratios using MaNGA data. (3)—(9) Same as (2)—(8), but with GMOS-IFU data. (10) The He equivalent width with MaNGA data. (11) Same as column (10), but
with GMOS-IFU data. (12) Electron density values using the integrated spectra within a nuclear aperture equal to GMOS-IFU spatial resolution. (13) Electron density lower limit using the integrated spectra within
a nuclear aperture equal to GMOS-IFU spatial resolution. (14) Electron density upper limit using the integrated spectra within a nuclear aperture equal to GMOS-IFU spatial resolution. (15) AGN or non-AGN

o

o

using He EW > 1.5A for MaNGA data. (16) AGN or non-AGN using He EW > 1.5 A for GMOS-IFU data.
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Figure 5. [On1] 25007 luminosity (Liom)) versus Ha EW for the nine
galaxies observed with GMOS. The luminosity values were extracted from
MaNGA data for an aperture of 2 /5 of diameter, while the Ha EW were
determined using GMOS-IFU data with an aperture equal to the angular
resolution of Table 1.

galaxies, indicating that they host LLAGNs (Roy et al. 2021c). Thus,
we perform a second classification of the ionization source in our
sample of Red Geysers adopting the same Ho EW cut used by
Sanchez et al. ( 2018) to allow the detection of weaker AGN, which
are expected to be present as indicated by the radio observations
mentioned above. Using this lower Hoe EW value, the number of
galaxies with gas ionization due to AGN rises from two to five in
the MaNGA data, and from four to six in the GMOS-IFU data.
The following Red Geysers have an AGN identified with both data:
MaNGA 1-279073, 1-296801, 1-385124, 1-197230, and 1-24104.
Meanwhile, galaxy 1-114245 is classified as an optical AGN host
only in GMOS-IFU data. These results are summarized in columns
(15) and (16) of Table 3.

Using the GMOS emission-line ratios and EW greater than 3 A
we found that at least four Red Geysers host a LLAGN in the nuclear
region. Using the criterion EW> 1.5 A instead of 3 A results in
an increase of this number to six objects. The fact that the Ho
equivalent widths are low for a significant number of Red Geysers is
suggestive of the presence of very low luminosity AGN. To check this
hypothesis, we compare the Ha equivalent widths with the [O T11]
25007 luminosity, a proxy for the bolometric luminosity of the AGN
(Heckman et al. 2004). This comparison is presented in Fig. 5. The
correlation between these parameters is indeed very significant with
a Spearman correlation coefficient of 0.88 and a p-value of 0.002.
This test reinforces the view that the low Ha equivalent widths
that we find for our sample of Red Geysers is a result of the low
luminosity AGN that they contain. Riffel et al. ( 2019) analysed the
gas ionization source in the Akira galaxy using GMOS-IFU data and
also concluded that there is an AGN at the nucleus. Our results also
support the scenario that these galaxies host an LLAGN as suggested
by Cheung et al. (2016).

Roy et al. (2018) identified an excess of radio emission in a sample
of Red Geysers when compared to non-active galaxies, which was
interpreted as due to low-luminosity radio-mode AGNs. They found
that Red Geysers present a mean radio luminosity at 1.4 GHz of
Liscuz ~ 2.0 x 102! W Hz~!. As discussed by these authors, for
such luminosity be due to star formation, a SFR ~1 Mg yr~! would
be required, but the Red Geysers present much lower SFR, of only
0.001-0.01 Mg, yr~'. Therefore, star formation cannot explain their
central radio emission, supporting the presence of low-luminosity
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AGN in Red Geysers. Among the nine galaxies in our sample, three
objects are detected in the Very Large Array (VLA) Faint Images
of the Radio Sky at Twenty Centimeters (FIRST) survey (Becker,
White & Helfand 1995): MaNGA 1-24104 (L; 461, ~ 0.35 x 10%
W Hz™!), MaNGA 1-279073 (L 4Gu, ~ 0.52 x 102 W Hz™!) and
1-296801 (Lisgu, ~ 49.7 x 102 W Hz™ 1), providing additional
support that they host AGNs.

Rembold et al. (2017) selected an AGN sample from the MaNGA
MPL-5 using the diagnostic diagrams described above, which was
updated with data from the MPL-8 (the same used here) in Riffel et al.
(2021) and Deconto-Machado et al. (2022). This selection is based on
the nuclear spectra of the SDSS-III using emission-line fluxes from
Thomas et al. (2013). Comparing our GMOS Red Geyser sample
with Deconto-Machado et al. (2022), we find that only the galaxy
MaNGA 1-279073 is in both samples. As Red Geysers seem to host
LLAGN, they are not detected using the 370 diameter fibre from
SDSS-III data, and thus our results indicate that the identification
of the AGNs in Red Geysers using optical data may require better
angular resolution than that provided by SDSS-III and MaNGA data.

5.2 Electron density

The electron density (N,) maps show a wide range of values:
100-3000 cm™ (Figs 3 and A1-AS5). This result is in agreement
with Kakkad et al. (2018), Freitas et al. (2018), and Ruschel-
Dutra (2021) that using IFS for AGN samples found N, between
100 and 2500 cm—3. We derived the electron density with [S11]
emission lines integrated within a nuclear aperture equal to GMOS-
IFU spatial resolution, as shown in column (12) of the Table 3.
The columns (13) and (14) are the lower and upper limits for the
electron density estimated using the uncertainties in the [S II] ratios.
The N, range is between 321 and 947 cm ™ in column (12) of the
Table 3. Ruschel-Dutra (2021) obtained ~ 800 cm~ for the outflow
component and 300 cm ™ for regions without outflow. Davies et al.
(2020) determined an average N, of 350 cm™> for active galaxies
and 190 cm™3 for inactive galaxies with [S11] emission lines. All
AGN host galaxies in our sample have electron densities greater
than 300 cm ™3 within a nuclear aperture equal to GMOS-IFU spatial
resolution. Cheung et al. (2016) estimated a N, of 100 cm™ for the
Akira galaxy, indicating low-density outflows in Red Geysers, but
our results show higher N,. Furthermore, there are several values
greater than 700 cm ™ outside the aperture (Figs 3 and A1-A5) that
may be associated with the presence of high-density outflows in
these galaxies. Thus, the N, values in our sample are consistent with
previous measurements of the density in ionized outflows, providing
additional support that Red Geysers present large scale AGN winds.

5.3 Gas kinematics

Our sample was selected to present bi-symmetric He EW features
alignment with the gas kinematic major axis using MaNGA data.
Our GMOS data show that similar behaviours are also observed in
the central region as can be seen in Figs 3 and A1-AS. According to
Cheung et al. (2016), the large scale bi-symmetric He EW features
alignment with the major kinematic axis observed for Red Geysers
cannot be explained by gas in a disc. In that case, one would not
expect the collimated by-symmetric emission structure being always
oriented along the kinematic major axis of the galaxy. The observed
second velocity moment V pys = (V2 + 02)% for the prototype
Red Geyser — the Akira galaxy — is about 100 km s~! larger than
the predicted value for a rotating disc (Cheung et al. 2016). Riffel
et al. (2019), using GMOS-IFU observations of Akira, found that the
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Vrums exceeds by up to ~50 km s~! the Vrys predicted by Cheung
etal. (2016) in the central region and outflows are needed to describe
its kinematics. Furthermore, a bi-conical wind model reproduces the
shape of the observed velocity field for Akira galaxy (Cheung et al.
2016). Our MaNGA and GMOS-IFU data reveal some perturbation in
the velocity fields usually associated with higher velocity dispersion
(0 > 150-200 km s~!) regions, which suggest signatures of ionized
winds in these galaxies. The small and large scale velocity dispersion
maps show ¢ > 200 km s~! at the nucleus, being even larger than
those seen for Akira.

All the six Red Geysers with extended emission in our sample show
some misalignment between the orientations of the gas kinematic
major axis at small and large scales, as seen in Figs 3 and Al-
A5, following the same behaviour observed in Akira (Riffel et al.
2019), and interpreted as the variation in the outflow orientation
being produced by the precession of the accretion disc caused by
a misalignment between the spin of the black hole and the disc.
Thus, our velocity maps indicate signatures of outflows changing
the orientation from the nuclear region to kpc scales, as observed by
Riffel et al. (2019) for Akira.

Roy et al. (2021a) investigated the gas kinematics of two Red
Geysers: Akira (MaNGA 1-217022) and 1-145922. They found
asymmetric profiles for the [N11] and He emission lines with red
wings on the blueshifted side of the velocity field and blue wings
on the redshifted side. To explain the observed asymmetries, they
proposed a wind model with bi-conical outflows. The high absolute
values seen in the ~3maps based on the GMOS data observed for all
galaxies in our sample indicate the presence of asymmetries in the
emission line profiles, which are confirmed by visual inspection of
the spectra. Moreover, the /3 > 0 (red wings) are co-spatial with the
blueshifted locations of velocity fields, while the /3 < 0 (blue wings)
overlap with the redshifted regions, the same behaviour observed
by Roy et al. (2021a). Thus, the galaxies in our sample show clear
signature of ionized gas winds, driven by a central AGN and likely
produced by precession in the accretion disc, as found for Akira.
A detailed analysis of the ionized gas kinematics, including the
modelling and estimates of the outflow properties, will be presented
in a forthcoming work.

6 CONCLUSIONS

We have analysed the gas ionization and kinematics in a sample
of Red Geysers with IFS from MaNGA SDSS-IV and GMOS. The
MaNGA-IFU observations have a spatial coverage ranging between
12”0 and 3270, while the GMOS-IFU observations show a FoV of
570 x 3”5. The MaNGA data have an angular resolution do 2’5
corresponding to 1.3-3.7 kpc at the distance of galaxies. The GMOS-
IFU has a spatial resolution of 0.3-0.9 kpc for our sample and spectral
resolution of ~ 1.6 A. The main conclusions we have reached are:

(1) The emission line ratios of all galaxies, within an aperture of
25 in diameter (inner 1.3-3.7 kpc at the distance of galaxies) for
MaNGA and nuclear apertures corresponding to the GMOS-IFU
resolution (0.3-0.9 kpc at the distance of galaxies) indicate that the
emission is produced by gas photoionized by Seyfert/LINER nuclei.

(ii) Only two galaxies, MaNGA 1-279073 and 1-296801, have
Ha equivalent width greater than 3 A with MaNGA data, which is a
strong indication of the presence of an AGN. But the better spatial
resolution of the GMOS-IFU data shows four Red Geysers with Ho
EW > 3 AMaNGA 1-279073, 1-296801, 1-385124, and 1-197230.

(iii) Using He EW > 1.5 A as an indicator of AGN — that we
argue is better suited for faint AGN — we find five Red Geysers in
MaNGA and six in GMOS-IFU data. Five of them are in both data:

220Z 1aquisoa(] G| U0 Jasn NS Op SpuUBIS) OlY Op [eJapa- apepisianiun Aq Z565999/Z 1 L/1L/91S/a|o1le/Seluw/wod dno"olwapeoe//:sdny WwoJlj Papeojumod



MaNGA 1-279073, 1-296801, 1-385124, 1-197230, and 1-24104.
The galaxy MaNGA 1-114245 has an AGN that is detected only in
GMOS-IFU data.

(iv) The Red Geysers MaNGA 1-24104, 1-279073, and 1-296801
are radio detected in the VLA-FIRST survey providing additional
support that they are AGN hosts.

(v) Electron density measurements suggest a high-density gas (N,
> 300 cm™3) compared to the value previously determinate for the
prototypical Red Geyser Akira galaxy (N, ~ 100 cm™3). However,
they are in agreement with the N, estimated for the NLR and outflow
medium of AGNs.

(vi) The large scale (MaNGA) and nuclear scale (GMOS) gas ve-
locity fields are misaligned, with kinematic position angle differences
between 12° and 60°. The emission-line profiles are asymmetrical,
with blue wings on the redshifted side of the velocity field and red
wings on the blueshifted side. These results support that Red Geysers
host ionized gas outflows, originating in a precessing accretion disc.
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Figure A1. Same as Fig. 3, but for galaxy MaNGA 1-296801.
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Figure A4. Same as Fig. 3, but for galaxy MaNGA 1-197230.
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Figure A8. Same as Fig. A7.
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Figure A9. Same as Fig. A7.
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