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A B S T R A C T 

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 surv e y 

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 sho w H α equi v alent width ( H α EW) larger than 3 Å (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 H α EW > 3 Å within an aperture equal to the angular resolution 

(0.3–0.9 kpc). For two objects with GMOS-IFU data, the H α EW is lower than 3 Å but larger than 1.5 Å, 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 II ] λ6583 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. 

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

alaxies in general present bi-modalities in several properties
Strate v a et al. 2001 ; Blanton et al. 2003 ; Kauffmann et al. 2003a ;
aldry et al. 2004 ; Bell et al. 2004 ; Mateus et al. 2006 ; Salim et al.
007 ; Wetzel, Tink er & Conro y 2012 ), such as colours (Strate v a
t al. 2001 ; Salim et al. 2007 ), D n (4000) index (Kauffmann et al.
003a ), and star formation rate (SFR) (Mateus et al. 2006 ; Wetzel
t al. 2012 ). Such bi-modalities reveal a dichotomy between two
ajor classes (or ‘sequences’) of galaxies: blue (star-forming, SF)

nd red (passive) objects. Blue sequence galaxies show ongoing
tar formation, young stellar populations, and lower stellar masses.

eanwhile, red sequence galaxies have older stellar populations,
igher stellar masses, and quenched star formation. Active galactic
uclei (AGNs) hosts present colours and SFRs between those of the
ed and blue sequences (Mateus et al. 2006 ; Sanchez et al. 2018 ). A
 E-mail: gabriele.ilha@acad.ufsm.br (GSI); rogemar.ufsm.br (RAR) 
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Pub
imilar result was found by Schawinski et al. ( 2007 ), but restricted to
 sample of early-type galaxies: star-forming objects are in the blue
equence and objects without emission lines are in the red sequence
passive galaxies). Composite galaxies (star-forming + AGN) lie
etween these two regions, while galaxies whose gas ionization
ource is dominated by an AGN (Seyfert and LINER) are close
o/in the red sequence. These results led to AGN feedback being
onsidered a possible mechanism to quench star formation and make
he galaxy evolve from star-forming to quiescent. Ho we ver, the nature
f the mechanisms leading to the transformation of galaxies from the
lue to the red sequence is an open question in our understanding of
alaxy evolution. 

AGN feedback has been suggested as a possible explanation for
he relation between the mass of the central supermassive black hole
SMBH) and the stellar velocity dispersion of the bulge, the M BH –

relation (e.g. Magorrian et al. 1998 ; Ferrarese & Merritt 2000 ;
ebhardt et al. 2000 ; Kormendy & Bender 2013 ). Furthermore,

t is an important ingredient in cosmological simulations; if not
onsidered, such simulations result in galaxies with larger stellar
© 2022 The Author(s) 
lished by Oxford University Press on behalf of Royal Astronomical Society 
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asses than observed (Di Matteo, Springel & Hernquist 2005 ; 
pringel, Di Matteo & Hernquist 2005 ; Bower et al. 2006 ). Thus,
GN feedback is invoked as a mechanism that can suppress star

ormation in the host galaxies (Cano-D ́ıaz et al. 2012 ; Cresci et al.
015 ; Carniani et al. 2016 ; Wylezalek & Zakamska 2016 ), regulating
heir growths. Besides this ‘ne gativ e feedback’, AGN can also induce
tar formation in a few cases that are then considered ‘positive 
eedback’ (Ishibashi, Fabian & Canning 2013 ; Cresci et al. 2015 ;

aiolino et al. 2017 ; Mallmann et al. 2018 ; Gallagher et al. 2019 ;
iffel et al. 2021 ). 
Ne gativ e AGN feedback present two main modes of operation: 

adio/maintenance mode occurs when the jets from the SMBH accre- 
ion disc heat the gas of the host galaxy and circumgalactic medium,
reventing it from cooling (Croton et al. 2006 ) and maintaining 
 low star formation rate. Radio mode feedback occurs in AGN 

ith luminosity (L) much smaller than the Eddington luminosity 
 L ≤ 0 . 01 L Edd ; Fabian 2012 ). 

The second mode of ne gativ e feedback is the radiative/wind 
ode that can quench star formation in the host galaxy (Di Matteo

t al. 2005 ), as winds from the AGN remo v e gas from the galaxy’s
ravitational potential or heat a large amount of gas preventing the 
tar formation. In this feedback mode, typically found in quasars, the 
GN luminosity is close to the Eddington limit (Fabian 2012 ). 
Cheung et al. ( 2016 ), using MaNGA (Mapping Nearby Galaxies at

PO) integral-field spectroscopy (IFS) data from the Sloan Digital 
k y Surv e y-IV (SDSS-IV; Bundy et al. 2015 ; Drory et al. 2015 ;
aw et al. 2015 ; Yan et al. 2016 ; Blanton et al. 2017 ; Wake et al.
017 ), found a new class of quiescent galaxies (NUV − r > 5)
hat show narrow bi-symmetric features in the H α equivalent width 
esolved maps aligned with the gradient of the gas velocity field and
isaligned with stellar velocity field. These galaxies became known 

s Red Ge ysers. The y present gas velocity fields with an amplitude
eaching ±200–300 km s −1 and being at least 1.5 times larger than
he amplitude of the stellar velocity field (Cheung et al. 2016 ; Roy
t al. 2018 ). 

Studying in detail the Akira galaxy, the prototype of the Red 
eyser class, Cheung et al. ( 2016 ) showed that it presents large scale

onized bipolar outflows probably driven by a low-luminosity AGN 

LLAGN), suggesting that the large scale gas kinematics in Red 
eysers is produced by AGN-driven winds. Using optical long-slit 

pectroscopy for two Red Geysers, Roy et al. ( 2021a ) found that
he emission lines present strong asymmetries in locations along the 
i-symmetric pattern of the H α equi v alent width map. The emission-
ine profiles show blue wings on the redshifted side of the velocity
eld and red wings on the blueshifted side, being interpreted as
inds signatures (Roy et al. 2021a ). Riffel et al. ( 2019 ), by combining

arge scale (MaNGA) and nuclear region IFS (GMOS–Gemini Multi- 
bject Spectrographs; Allington-Smith et al. 2002 ; Hook et al. 2004 ), 

ound that the ionized outflow observed for the Akira galaxy changes 
he orientation about 50 ◦ from the nucleus to kpc scales and it is
onsistent with winds originated in a precessing accretion disc. 

So far, studies on Red Geyser galaxies suggest the presence of
ow-luminosity AGN responsible for winds driven by the central 
ource (Cheung et al. 2016 ; Roy et al. 2018 , 2021c ). AGN signatures
ave been found in Red Geysers, mainly based on radio observations, 
s observed in Akira (Cheung et al. 2016 ). Furthermore, Roy et al.
 2018 ), Roy et al. ( 2021c ) demonstrated that Red Geysers have an
xcess of radio emission when compared to non-active galaxies, and 
his was interpreted as due to the presence of low-luminosity radio- 
ode AGNs. 
The low angular resolution of the MaNGA data (2 . ′′ 5) limits the

etection of low-luminosity AGN using optical diagnostic diagrams, 
s the central aperture includes emission from gas that is located up to
.3–3.7 kpc from the nucleus (on average). Higher spatial resolution 
ata can be used to map the ionized gas emission down to the inner
ew hundred pc (300–900 pc) of Red Geysers and verify whether it is
onsistent with AGN ionization or not. Ho we ver, such observ ations –
ith angular resolution about four times better than that of MaNGA
are available so far only for two Red Geysers (Riffel et al. 2019 ;
oy et al. 2021a ). In both cases, the [N II ] λ6583/H α and [O III ]
6583/H β line ratios are typical of low-ionization nuclear emission- 

ine regions (LINERs). Ho we ver, only Akira shows H α EW > 3 Å
Riffel et al. 2019 ), which is a signature of photoionization by an
LAGN (Cid Fernandes et al. 2011 ). Thus, increasing the number of
igher resolution optical observations is essential to characterize the 
ature 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
ine Region) of Seyfert galaxies (Fischer et al. 2013 ). Furthermore,

hese galaxies correspond to about 5–10 per cent of the quiescent
opulations with stellar masses around 10 10 M � (Cheung et al. 
016 ). Thus, they are an essential piece to understand low-luminosity
GN feedback and its role in keeping the galaxy quiescent. Roy
t al. ( 2021c ) analysed the radio morphology of a sample of 42 Red
eysers, showing that galaxies with extended radio emission have 
 lower star formation rate than those with a compact radio source.
his result can be related to the radio/maintenance mode feedback 
ffect in the interstellar medium. Furthermore, Roy et al. ( 2021b )
stimated the cool neutral gas mass of 10 7 –10 8 M � in the central
egion of Red Geysers, which could trigger a star formation rate
f ∼1.0 M � yr −1 , but these objects display a much lower SFR ∼
.01 M � yr −1 . The radio/maintenance mode feedback may explain 
he low SFR observed in these galaxies, once the radio jet can heat
he gas preventing it from forming stars. 

Red Geysers are quiescent galaxies that show outflows on galactic 
cales, so they are interesting for studying feedback ef fects. Ho we ver,
o fully characterize the feedback in these objects, it is necessary to
erify the origin of the gas emission and of the outflows. We use
emini GMOS IFS to map the ionized gas emission in the nuclear

egion of nine Red Geysers at spatial resolutions of 0.3–0.9 kpc,
nd investigate the gas ionization source using optical-emission line 
atio diagnostic diagrams. We also present an analysis of the main
inematic properties of these objects. A detailed analysis of the 
onized gas kinematics, including the modelling and estimates of the 
utflow properties, will be presented in a forthcoming work (Ilha 
t al., in preparation). 

In this work, we adopt the cosmological parameters h = 0.7, �m =
.3, �� 

= 0.7. This paper is organized as follows: Section 2 describes
he MaNGA data, sample selection, observations, and data reduction. 
ection 3 presents the spectral fitting procedure. The results are 
hown in Section 4 and discussed in Section 5 , while Section 6
ummarizes our conclusions. 

 T H E  SAMPLE,  OBSERVATI ONS,  A N D  DATA  

E D U C T I O N  

.1 The MaNGA data 

he MaNGA surv e y obtained optical inte gral field spectra using the
.5-m Sloan telescope (Gunn et al. 2006 ; Smee et al. 2013 ) for a
ample of about 10 000 nearby galaxies (Bundy et al. 2015 ; Drory
t al. 2015 ; Law et al. 2015 ; Yan et al. 2016 ; Blanton et al. 2017 ; Wake
t al. 2017 ). MaNGA data hav e spectral co v erage in the range 3600–
0400 Å. The field of view (FoV) depends on how many fibres were
MNRAS 516, 1442–1461 (2022) 
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sed to observe the science object, which can vary between 19 and
27 fibres (co v ering an F oV from 12 . ′′ 0 to 32 . ′′ 0 in diameter). In the
aNGA surv e y, data cubes are provided by the DRP (Data Reduction

ipeline; Law et al. 2016 ) for each galaxy. DRP also provides the
econstructed point spread function (PSF) at the griz photometric
ands for each MaNGA data cube. To estimate the PSF the DRP
ses a numerical simulation with the specific observing conditions of
ach e xposure (La w et al. 2016 ). The mean g -band PSF full-width at
alf-maximum (FWHM) for 1390 MaNGA galaxies included in the
DSS Data Release 13 (DR13; Albareti et al. 2017 ) is ∼2 . ′′ 54 (Law
t al. 2016 ). For the nine galaxies in our GMOS sample, the MaNGA
ata cubes have PSF FWHM of ∼2 . ′′ 52 at the g -band and 2 . ′′ 50 at
he r -band. Thus, we will adopt 2 . ′′ 50 as the angular resolution of
he MaNGA data. In addition, flux es, v elocities, v elocity dispersion,
qui v alent widths for the strongest emission lines and also stellar
elocity and stellar velocity dispersion measurements, among other
roperties derived from data cubes are provided by the Data Analysis
ipeline (DAP; Belfiore, Westfall & Schaefer 2019 ; Westfall et al.
019 ). For this work, we have used DAP data products from the
aNGA Product Launch-8 (MPL-8). MPL-8 contains 6779 data

ubes and DAP products for ∼6520 galaxies, which are now public
hrough the SDSS DR17 (Abdurro’uf et al. 2022 ). DAP fits the
tellar kinematics using the PENALIZED PIXEL-FITTING ( PPXF ) routine
Cappellari & Emsellem 2004 ; Cappellari 2017 ). In the MPL-8, the

ILES-HC (Westfall et al. 2019 ) stellar spectra library was used as
emplate to fit the stellar continuum and also to determine the stellar
inematics. According to Westfall et al. ( 2019 ), MILES-HC was
onstructed dividing the MILES stellar library (Falc ́on-Barroso et al.
011 ; S ́anchez-Bl ́azquez et al. 2006 ) into 49 groups. In each group,
he mean stellar spectrum was obtained, which leads to 49 template
pectra. Ho we ver, spectra with prominent emission lines and those
ith a low signal-to-noise ratio were excluded, thus 42 stellar spectra

re used to represent the stellar population contribution. In addition,
AP also fits the emission-line profiles with single Gaussian curves

Belfiore et al. 2019 ). We used SPX-MILESHC- MILESHC data
roducts, which include an analysis of each individual spaxel (SPX)
y DAP with MILES-HC to determine the stellar kinematics and to
t the stellar continuum. 

.2 Selection of Red Geysers from MaNGA 

ed geysers are quiescent galaxies, originally identified by Cheung
t al. ( 2016 ) to present rest-frame colour NUV − r > 5. Furthermore,
oy et al. ( 2018 ) selected objects with low SFR, log(SFR[M �
r −1 ]) < −2, to remo v e possible obscured star formation. Thus, only
alaxies that present NUV − r > 5 and log(SFR[M � yr −1 ]) < −2
ere included in our sample. The absolute magnitudes in the NUV

from GALEX ; Martin et al. 2005 ) and r (from SDSS) bands were
xtracted from the NASA–Sloan Atlas 1 (NSA) catalogue. The values
or star formation rate were obtained from Chang et al. ( 2015 ), which
ombines photometric data from the SDSS sample with the Wide-
ield Infrared Survey Explorer ( WISE ) data to determine the spectral
nergy distributions (SEDs) and star formation rates for more than
00 000 galaxies. In addition, Red Geysers present the following
roperties, as described by Cheung et al. ( 2016 ) and Roy et al. ( 2018 ):
i) a bi-symmetric pattern in the resolved map of H α equi v alent width,
hich was interpreted by Cheung et al. ( 2016 ) as enhanced due to

hocks or density increase along the outflow axis; (ii) a bi-symmetric
attern seen on the map of H α equi v alent width aligned with the
NRAS 516, 1442–1461 (2022) 
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2

w

radient of the gas velocity field and misaligned with the stellar
elocity field gradient; and (iii) a gas velocity field reaching values
f up to 250 km s −1 , misaligned with the stellar velocity field and
ith gas velocity amplitude at least 1.5 times the amplitude of the

tellar velocity field. These considerably high gas velocity values
uggest that the kinematics of the Red Geysers cannot be explained
nly by motion due to the gravitational potential of the galaxy. The
isturbed kinematics is likely due to ionized gas outflows (Cheung
t al. 2016 ; Riffel et al. 2019 ; Roy et al. 2021a ). 

To quantify the misalignment between the gas and stellar velocity
elds, we calculated the difference between the global kinematic
osition angles PA obtained for H α and stellar velocity fields, as
 PA = | PA gas − PA stellar | . The global kinematic position angle (PA),

r the orientation of the line of nodes, was determined using the
DL routine FIT KINEMATICS PA , 2 which is an implementation of the
ethod presented in Krajnovi ́c et al. ( 2006 ). The gas and stellar veloc-

ty fields were considered to be misaligned when 10 ◦ < 	 PA < 80 ◦

nd 100 ◦ < 	 PA < 170 ◦, because these criteria remo v e co-rotating,
olar, and counter rotating discs from the sample. To determine the
atio between the gas and stellar velocity amplitudes, we determine
he velocity amplitude by calculating the mean velocity value for
0 per cent of the spaxels with the highest absolute velocity values.
fter these steps, we visually checked if the Red Geyser candidate
alaxy showed the bi-symmetric pattern on H α equivalent width
ap 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
 per cent of the galaxies with DAP measurements available in MPL-
. Roy et al. ( 2021b ) updated the sample of Roy et al. ( 2018 ) with the
PL-9 data, which contains ∼ 8080 DAP objects, 140 or 1.7 per cent

f them being Red Geysers. Sanchez ( 2020 ) found that Red Geysers
omprise less than 4 per cent of the elliptical galaxies and less than
 per cent of the total galaxy population. We follow the selection
riteria defined in Roy et al. ( 2018 ), but there are some differences
n our selection process. Roy et al. ( 2018 ) visually determined the
isalignment between the stellar and gas velocity fields (which are

ligned to the bi-symmetric EW feature), while we quantified these
ifferences using 	 PA. Furthermore, we compared the amplitude
f the velocity fields (stellar and gas) using only the 10 per cent
f the spaxels with the highest absolute velocity values, while this
as done by visual inspection in Roy et al. ( 2018 ). The spaxels
ith velocity uncertainties greater than 25 km s −1 were excluded

rom these calculations. Thus, the different percentage of galaxies
etween Roy et al. ( 2018 ) and our sample may be due to the use of
etter defined quantities in our selection. 

.3 The GMOS sample 

he [O III ] λ5007 luminosity (computed from the fluxes measured
ithin a nuclear aperture of 2 . ′′ 5 diameter) and 	 PA distributions for

he Red Geyser sample are shown in Fig. 1 . In order to select the Red
eysers to be observed with GMOS-IFU, we computed the values
f 	 PA that divide the Red Geysers of MaNGA sample into three
roups, each group containing ∼ 33 per cent of the total sample.
he groups are: 10 ◦ < 	 PA ≤ 40 ◦; 40 ◦ < 	 PA ≤ 105 ◦; and 105 ◦ <

 PA < 170 ◦. Then, we splitted each group in three [O III ] λ5007
uminosity bins: L [O III ] < 1 . 0 × 10 39 ergs s −1 ; L [O III ] = (1 . 0 –2 . 45) ×
 This routine was developed by M. Cappellari and is available at http://ww 

-astr o.physics.ox.ac.uk/ ∼mxc/softwar e 

http://www.nsatlas.org
http://www-astro.physics.ox.ac.uk/~mxc/software
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Figure 1. Plot of 	 PA versus [O III ] λ5007 luminosity ( L [O III ] ) 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 H α EW 

values of the colour bar and the dotted vertical lines indicate the boundaries 
of the 	 PA groups. The H α EW values were determined using GMOS-IFU 

data with an aperture equal to the angular resolution of Table 1 . 
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0 39 ergs s −1 ; and L [O III ] > 2 . 45 × 10 39 ergs s −1 . We chose L [O III ] as
n indicator of the AGN power and the bins were chosen such that
ach contain 1/3 of the total sample. The range of luminosities in
ur sample is L [O III ] = (0 . 10 –20) × 10 39 ergs s −1 . Our final sample
ontains nine objects, one of each group for each luminosity bin, as
hown in the Table 1 with the MaNGA identification of each galaxy
nd Fig. 1 . Thus, co v ering a wide range of 	 PA and L [O III ] , essential
o properly map the gas emission and kinematics of Red Geysers. 
able 1 also presents the properties of the GMOS-IFU sample, such 
s redshift ( z), NUV − r and SFR. 

Fig. 3 shows the optical image, gas velocity field, equivalent width 
ap for one Red Geyser of our sample with MaNGA data. The target

learly presents the criteria for being classified as a Red Geyser. 
he same properties are shown in Figs A1 –A5 for other galaxies
ith extended emission in the GMOS-IFU sample. We also present 

n these figures the flux distributions, the excitation maps, and the 
able 1. Sample of Red Geysers observed with GMOS-IFU. (1) Galaxy identifi
est-frame colour NUV − r . The absolute magnitudes in the NUV and r bands w
t al. ( 2015 ). (5) Difference between the global kinematic position angles (PA) obt
uminosity of [O III ] λ5007 Å measured within the inner 2 . ′′ 5 diameter with MaNG
ach exposure. (9) Programme identification codes on Gemini. (10) – (11) Spatial
FWHM) of field stars in the GMOS-IFU acquisition image. (12) MaNGA spatial r

aNGA-ID z NUV − r log(SFR) 	 PA ( ◦) L [O III ] Exposure Expos
(M � yr −1 ) (10 39 erg s −1 ) number time (

1) (2) (3) (4) (5) (6) (7) (8)

-523238 0.0277 5.43 −2.353 115.0 0.831 4 1200
-352045 0.0316 5.90 −4.388 47.0 0.370 3 1200
-114245 0.0288 5.94 −3.758 105.0 1.068 4 1000
-197230 0.0752 6.02 −3.448 109.0 7.304 4 1200
-296801 0.0531 5.73 −3.528 38.5 4.619 4 1200
-24104 0.0299 5.90 −3.783 159.5 2.006 3 1200
-385124 0.0289 5.71 −3.958 41.5 3.102 3 970
-474828 0.0252 5.78 −2.853 38.0 0.823 3 980
-279073 0.0323 5.22 −4.058 38.0 2.301 3 980
PT and WHAN diagrams with DAP data, which are discussed in
ections 4 and 5 . 

.4 GMOS obser v ations and data reduction 

he GMOS instruments are installed at the Gemini-North and 
emini-South 8.1 m diameter telescopes. GMOS allows observations 
etween 4000 and 10 000 Å (Allington-Smith et al. 2002 ), in the
odes of long-slit spectroscop y, multi-object spectroscop y, integral 
eld spectroscopy, or imaging (Hook et al. 2004 ). The nine Red
e ysers were observ ed with GMOS inte gral field unit (IFU) of the
emini-North telescope. GMOS-IFU can operate in two modes, the 
ne slit mode and the two slit mode. For our observations, we chose
he one slit mode, since it produces a broader spectral range when
ompared to the two slit mode. This allows the inclusion of the
trongest optical emission lines, such as H β, [O III ] λ5007, [O I ]
6300, H α, [N II ] λλ6548,6583 and [S II ] λλ6716,6730, which are

mportant to determine the gas excitation mechanism. In the one 
lit mode, GMOS-IFU uses 750 fibres, each of them connected to a
exagonal lens, of which 500 are dedicated to the science exposures,
hile the other 250 fibres co v er the sk y observations, separated by 1

rcmin from the main object. The GMOS-IFU FoV for this mode is
 . ′′ 0 × 3 . ′′ 5. The observations were performed using the B600 grating.
ith this configuration, GMOS-IFU data have a spectral co v erage

rom ∼4400 Å to 7400 Å. 
Table 1 shows the list of galaxies observed, the number of

ndividual exposures, the exposure time, and the Gemini programme. 
 or sev en galaxies, we hav e obtained two e xposures with the spectra
entred at 5900 Å and at least one with the spectra centred at 5850
, in order to interpolate the gaps between the GMOS detectors. For
aNGA 1-296801 and MaNGA 1-197230 the spectra were centred 

t 6000 Å, 6005 Å, and 6015 Å, 6020 Å, to a v oid that strong emission
ines fall into the detectors gaps. 

The data reduction was performed with IRAF software using 
he standard GEMINI package, which includes routines developed 
pecifically for GMOS-IFU data reduction. We have followed 
he standard steps of spectroscopic data reduction, including bias 
ubtraction, flat-field correction, background subtraction for each 
cience data, quantum efficiency correction, sky subtraction, wave- 
ength, and flux calibration. Furthermore, removal of cosmic rays 
as performed with the LACOS algorithm (van Dokkum 2001 ). 
ata cubes for each exposure were created with an angular sampling
f 0 . ′′ 05 × 0 . ′′ 05. 
MNRAS 516, 1442–1461 (2022) 

cation in the MaNGA survey. (2) Redshift from the NSA catalogue. (3) 
ere extracted from the NSA catalogue. (4) Star formation rate from Chang 
ained for H α and stellar velocity fields, 	 PA = | PA gas − PA stellar | . (6) The 
A data. (7) Number of exposures performed for each galaxy. (8) Time of 

 resolution for each galaxy measured from the full-width at half maximum 

esolution. 

ure Programme ID GMOS spatial GMOS spatial MaNGA spatial 
s) resolution (pc) resolution (arcsec) resolution (pc) 
 (9) (10) (11) (12) 

 GN-2020A-Q-130 400 0.70 1440 
 GN-2020A-Q-130 390 0.60 1640 
 GN-2020A-Q-130 330 0.55 1500 
 GN-2020A-Q-130 890 0.60 3710 
 GN-2020A-Q-130 530 0.50 2690 
 GN-2020A-Q-130 380 0.61 1560 
 GN-2020A-Q-226 300 0.50 1500 
 GN-2020A-Q-226 300 0.57 1320 
 GN-2020A-Q-226 370 0.55 1680 
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Figure 2. Examples of fits of the H α and [N II ] λλ6548,6583 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. 
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After the standard reduction processes, we also applied the
echniques presented in Menezes et al. ( 2019 ) and Ricci, Steiner &

enezes ( 2014 ) in order to impro v e the quality of the data cubes.
irst, we corrected all exposures for the differential atmospheric
efraction effect using the equations proposed by B ̈onsch & Potulski
 1998 ) and Filippenko ( 1982 ). After this, we created a data cube
or each object by calculating the median of all observed exposures.
hen, we remo v ed high spatial frequenc y noises using a Butterworth
lter (Gonzalez & Woods 2002 ) with a filter order n = 2 and a cut-
ff frequency of ∼ 0.20 F NY , where F NY is the Nyquist frequency.
hese parameters for the filters assures that we are removing only

hose structures with a spatial frequency that is higher than the
requency of the PSF of the data cubes. Next, we used Principal
omponent Analysis (PCA) Tomography (Steiner et al. 2009 ) to

emo v e instrumental fingerprints with spatial and spectral low-
requency signatures. Finally, we removed the telluric lines of all
pectra of the data cubes. At this point, the data cubes are ready for
cience analysis. 

The spectral resolution obtained from the full-width at half-
aximum (FWHM) of the typical emission lines of the CuAr lamp

pectrum is ∼ 1.6 Å, which corresponds to ∼ 90 km s −1 . The spatial
esolutions shown in Table 1 were estimated from the measurement
f the FWHM of the flux distributions of the field stars and with the
istances of galaxies determined by the redshifts of Table 1 . 

 SPECTRAL  FITTING  

o subtract the underlying stellar contribution of the GMOS-IFU
pectra, we have used the PPXF routine to fit the continuum/absorption
pectra of each galaxy. PPXF assumes that the observed spectrum can
e modelled as the convolution between stellar templates and the
ine-of-sight velocity distribution (LOSVD), which is represented by
 Gauss–Hermite series (Cappellari & Emsellem 2004 ; Cappellari
017 ). In our fit, four Gauss–Hermite moments were included:
 elocity, v elocity dispersion, h 3 and h 4 , and PPXF was allowed to
se multiplicative Legendre polynomials to correct the continuum
hape during the fit. The chosen stellar template library was MILES-
C (Westfall et al. 2019 ) which includes 42 spectra obtained from

he MILES stellar spectra library (S ́anchez-Bl ́azquez et al. 2006 ;
alc ́on-Barroso et al. 2011 ). The main reason to use this library was

ts previous application in the DAP data products, which we used
o select our sample, thus making our analysis consistent with the

aNGA data. 
After the subtraction of the stellar contribution from the observed

ata cubes, we used the IFSCUBE (Ruschel-Dutra 2020 , 2021 )
ython package to fit the emission-line profiles and measure the
as properties. This package allows the fit of emission-line profiles
ith Gaussian functions or Gauss–Hermite series. From tentative
ts of the emission lines we concluded that their profiles present
eviations from a single Gaussian shape, presenting blue or red
ings. We thus decided to fit the profiles with Gauss–Hermite series,
hich can account for the observed deviations. The profiles of the

ollowing emission lines were fitted by Gauss–Hermite series: H β,
O III ] λλ4959, 5007, [O I ] λ6300, H α, [N II ] λλ6548,6583, and
S II ] λλ6716,6730. 

The following constraints were imposed: (i) The kinematics of all
mission lines were kept tied. The centroid velocity can range from
350 to 350 km s −1 in relation to the velocity calculated using the

edshift of each galaxy. The velocity dispersion can vary between
0 and 350 km s −1 ; (ii) Gauss–Hermite moments h 3 and h 4 are
estricted to the interval −0.3–0.3 for all emission lines. Ne gativ e
alues of h 3 indicate the presence of a blue asymmetric wing, while
NRAS 516, 1442–1461 (2022) 
ositi ve v alues indicate the presence of a red asymmetric wing in
he line profiles. The h 4 moment quantifies symmetric deviations
f the line profiles from a Gaussian, with ne gativ e (positiv e) values
ndicating a flatter (more peaked) line profile – i.e. profiles with a
ower or larger kurtosis compared to a Gaussian function. (iii) The
O III ] λ5007/[O III ] λ4959 and [N II ] λ6583/[N II ] λ6548 flux ratios
ere fixed to their theoretical values of 2.98 and 3.08 (Osterbrock &
erland 2006 ), respectively. These constraints are necessary to
roperly fit the emission lines in the blue part of the spectra, which
re very faint in some objects. Fig. 2 shows examples of the fits of
he [N II ] λλ6548,6583 and H α emission lines in the central spaxel
f four galaxies in our sample. One may see that the emission-line
rofiles are well reproduced by a Gauss–Hermite series. 

 RESULTS  

.1 Emission-line flux distributions 

igs 3 and A1 –A6 show the continuum flux distribution from the
MOS-IFU data for all galaxies of our sample, obtained by comput-

ng the mean flux values in a ∼500 Å wide spectral window centred
t ∼5450 Å. The GMOS-IFU and MaNGA-DAP flux distributions
f [N II ] λ6583 for the six galaxies with extended emission are shown
n Figs 3 and A1 –A5 . All images were rotated so that the North is up
nd East is to the left. The light grey regions in the GMOS-IFU maps
orrespond to locations where the corresponding emission line is not
etected abo v e 3 σ of the noise lev el computed in a spectral window
ext to the line, as well as regions not co v ered by the GMOS-IFU
eld of view (delineated by the green lines). The light grey in the
AP maps are regions outside of MaNGA FoV or were removed
sing the flux quality mask from DAP. 
We do not present the flux maps for the other emission lines

ecause they are similar to those of [N II ] λ6583. In some cases
e were able to measure H β and [O III ] λλ4959,5007 only in a few

paxels. The GMOS signal-to-noise ratio (SNR) in the blue part of the
pectra is low (SNR < 10) and these lines are weak in Red Geysers,
ot being detected abo v e 3 σ the noise level. Figs A7 –A9 present the
 v aluated SNR for the blue and red regions of the observed spectra,
s 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 II ] λ6583 flux, H α equivalent width (EW), 
[N II ] λ6583 velocity, and [N II ] λ6583 velocity dispersion maps are shown. The continuum and flux maps are in units of erg s −1 cm 

−2 arcsec −2 Å−1 and erg 
s −1 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 Å. The black contours 
in the velocity fields represent the [N II ] λ6583 equi v alent width distribution. The velocity fields are in the unit of km s −1 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 ro w sho ws 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 K e wley 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 II ] /H α, [S II ] /H α 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 re gion), Sy: Se yfert, 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 , h 3 and h 4 Gauss-Hermite moments from GMOS-IFU data. 
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In general for both data sets, [N II ] λ6583 flux distributions follow
he same pattern in each galaxy, with an emission peak at the
ucleus and a weak extended emission o v er the FoV. The strongest
N II ] λ6583 extended emission accross the F oV are observ ed for
he following galaxies: MaNGA 1-385124, 1-296801,1-24104,1-
14245, 1-197230, and 1-279073. MaNGA 1-385124, 1-24104, and
-114245 show extended emission similar to the Akira galaxy (Riffel
t al. 2019 ). Fig. A6 shows the [N II ] λ6583 GMOS-IFU flux maps
or the three galaxies where the emission lines are detected only in a
ompact structure with a radius of ∼1 . ′′ 0. In these galaxies, the blue
mission lines are not detected in the GMOS-IFU spectra throughout
he whole FoV. 

.2 Equi v alent width maps 

he H α equi v alent width (EW) maps for the six galaxies with
xtended emission are presented in the second panels of the second
nd third row of Figs 3 and A1 –A5 . The DAP EW maps, in general,
how the largest values in the nuclear region, and they show an EW
i-symmetric feature aligned with the gradient of the gas velocity
eld. MaNGA 1-385124, 1-296801,1-197230, and 1-279073 show
W H α > 3 Å in some regions. 
The GMOS-IFU EW maps clearly show that the bi-symmetric

mission features observed in the large scale MaNGA maps extend
nward to the nuclear re gion, e xcept for galaxy MaNGA 1-385124.
or the galaxy MaNGA 1-197230, this pattern is less evident. The
MOS-IFU EW maps of four galaxies present nuclear region with
alues larger than 3 Å (MaNGA 1-279073, 1-296801, 1-385124,
nd 1-197230). In two of these maps, there are locations with EW
reater than 6 Å (MaNGA 1-279073 and 1-296801). Only MaNGA
-24104 and 1-114245 do not present EW larger than 3 Å across the
 α EW map, although it presents regions with ∼2 Å. The highest

qui v alent widths are seen at the nucleus, with the intermediate/high
alues distributed along with the bi-symmetric pattern. GMOS-IFU
W maps values are usually larger than those of the MaNGA-DAP
ap. The [N II ] EW distributions are not shown, because they present
 similar pattern. 

Riffel et al. ( 2019 ) found a change in the orientation of the
onization pattern from the nuclear region to galactic scales for
he Akira galaxy, the prototype Red Geyser. Akira also presents
 variation in the outflow orientation observed in the gas velocity
elds. Both variations are interpreted by Riffel et al. ( 2019 ) as due

o precession of the accretion disc. Among the six Red Geysers
ith extended emission over the whole GMOS-IFU FoV (Figs 3

nd A1 –A5 ), at least three galaxies show misalignment of the gas
onization pattern from the nucleus to kpc scales (MaNGA 1-279073,
-114245, 1-24104), while the other three (MaNGA 1-385124 and
-197230, 1-296801) present similar emission orientations at nuclear
nd kpc scales. In Sections 4.5 and 5.3 , we quantify and discuss the
isalignment of velocity fields and the implications of the result. 

.3 GMOS emission-line ratios 

igs 3 and A1 –A5 also show the [N II ] λ6583/H α and [S II ]
λ6716,6730/H α emission-line ratio maps for the six galaxies with
MOS-IFU extended emission. These maps were used to verify

he gas excitation mechanisms. The emission-line ratios show a
ide range of values and distributions for each galaxy. The [N II ]
6583/H α values range from 0.75 (for MaNGA 1-279073) to 4.5
MaNGA 1-197230), while [S II ] λλ6717,6731/H α shows values
anging from 0.75 to 3. 
NRAS 516, 1442–1461 (2022) 
For three objects the [N II ] λ6583/H α ratio has the lo west v alues in
he nucleus: ∼1 for MaNGA 1-296801, ∼1.5 for 1-385124, and ∼2
or 1-197230. The highest values are in ‘shells’ around the nucleus
greater than 2 for MaNGA 1-296801, ∼3 for MaNGA 1-385124,
nd greater than 3.5 for 1-197230) observed at the edges of the
istributions. The targets MaNGA 1-24104, 1-114245, and 1-279073
how [N II ] λ6583/H α emission-line ratios with the largest values
t the nucleus, but also present extranuclear knots of high values.

hile for [S II ] λλ6716,6730/H α, smaller values in the nuclear
egion are observed, surrounded by higher values, for MaNGA 1-
85124, 1-296801, 1-279073. For MaNGA 1-24104 and 1-114245
he largest [S II ] /H α values are observed along the EW bi-symmetric
eature. Unlike [N II ] /H α, the distribution of [S II ] /H α show higher
alues at the nucleus for MaNGA 1-197230. The [O I ] λ6300/H α

aps are not shown but are used to construct the BPT diagram in
ig. 4 . 

.4 GMOS electron density maps 

ssuming a temperature of 10 4 K, the [S II ] λ6716/[S II ] λ6730 ratio
as used to obtain the electron density ( N e ) using the PYNEB python

outine (Luridiana, Morisset & Shaw 2015 ). The N e maps are show in
igs 3 and A1 –A5 and present values in the range 100 cm 

−3 < N e <

000 cm 

−3 . The highest N e values are usually observed at the edges
f the FoV. The only exception is MaNGA 1-279073 that shows the
reatest values ( N e > 1000 cm 

−3 ) at the nucleus and at the edges of
he FoV. 

The galaxy MaNGA 1-296801 presents electron density greater
han 3000 cm 

−3 to the south-west and north-east of the nucleus, being
he object with the highest N e in our sample. MaNGA 1-385124
resents N e > 1200 cm 

−3 to the east of the nucleus, and 1-114225
hows N e > 600 cm 

−3 to the north. For 1-19720, it was possible to
etermine N e only in a few spaxels. Finally, MaNGA 1-24104, on
he other hand, shows some ‘hotspots’ where the highest densities
 N e > 600 cm 

−3 ) are observed. 

.5 Gas kinematics 

e present the [N II ] λ6583 velocity and velocity dispersion ( σ ) maps
rom GMOS-IFU and DAP data for the six galaxies with extended
mission, as shown in the second and third rows of Figs 3 and A1 –
5 . The h 3 and h 4 maps for GMOS-IFU are shown in the sixth

ow of Figs 3 and A1 –A5 . Similarly to GMOS-IFU flux and EW
aps, the light grey regions are locations where the emission line
as not detected abo v e 3 σ the noise level. The light grey regions in

he DAP maps are regions outside of MaNGA F oV or remo v ed using
he data quality mask from DAP. The black contours in the velocity
elds represent the [N II ] λ6583 equi v alent width v alues distribution.
he systemic velocity of the galaxies was subtracted for all velocity
aps. 
The MaNGA velocity fields reach absolute values greater than

00–300 km s −1 and GMOS-IFU maps reach absolute values
arger than 150–300 km s −1 . The velocity fields at small and
arge scales are distinct with the orientations changing. We have
sed the FIT KINEMATICPA routine of Krajnovi ́c et al. ( 2006 ) to
ymmetrize both gas velocity fields and to measure the orienta-
ion of the line of nodes. The corresponding PA values for each
alaxy are plotted in Figs 3 and A1 –A5 , clearly showing that the
as velocity fields have different orientations at small and large
cales. The orientation change is between 12 ◦ and 60 ◦ from the
uclear region (GMOS-IFU) to kpc scales (MaNGA), as shown in
able 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 II ] /H α: 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 [O I ] /H α and [S 
II ] /H α: The dashed lines are from K e wley 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 re gion); Sy–Se yfert; SF– star-forming galaxies; TO–transition objects; wAGN–weak AGN; sAGN–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 surv e y. (2) GMOS kinematic position angle. 
(3) Difference between the GMOS and MaNGA global kinematic position 
angles (PA). 

MaNGA-ID PA PA 	 PA 

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 ◦ † 

1-385124 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 . † Note that PA is the angle along which the velocity shows the 
maximum gradient, then 	 PA needs to be corrected for 180- 	 PA for these 
two galaxies. 
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The MaNGA velocity dispersion maps reveal σ > 200–250 km s −1 

t the nucleus and for the regions along the bi-symmetric emission
atterns, indicating disturbance in the gas velocity fields. Regions of 
ntermediate σ values 150–200 km s −1 surround the regions with the 
argest values. The lowest σ [N II ] λ6583 are between 70 and 150 km
 

−1 and are found in ‘spots’ across the FoV. The GMOS data show
he highest σ values observed co-spatially with the nucleus for all 
alaxies, reaching up to σ ∼ 200–250 km s −1 . The σ values ∼150–
00 km s −1 are commonly seen in narrow strips across the FoV,
xcept for the galaxies 1-197230 and 1-279073. The first galaxy 
hows σ ∼200 km s −1 almost in the entire velocity dispersion field.
or 1-279073, the intermediate σ values are observed near to the 
ucleus. 
The h 3 Gauss–Hermite moment reproduces asymmetric profiles, 

 3 positive indicating a red asymmetric wing in the emission-line, and 
 3 ne gativ e indicating a blue asymmetric wing (Riffel et al. 2010 ).
he h 4 moment measures whether the profile has a flatter kurtosis
 h 4 < 0) than a Gaussian profile, or a more peaked kurtosis with
 4 > 0 (Riffel et al. 2010 ; Ruschel-Dutra 2021 ). All maps reveal h 4 
sually positive in almost the entire FoV with different distributions 
or each galaxy . Usually , the positive h 3 are observed co-spatially
ith the blueshifted positions in the velocity fields and the ne gativ e
alues with the redshifted positions. Only MaNGA 1-296801 shows 
 3 > 0 in both regions, but the h 3 map seems dominated by ne gativ e
 3 . 
MNRAS 516, 1442–1461 (2022) 
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 DISCUSSION  

.1 Gas excitation 

ptical emission-line ratio diagrams, such as the BPT diagrams
Baldwin et al. 1981 ), can be used to map the excitation of the
as. In the case of the [O III ] λ5007/H β× [N II ] λ6583/H α diagram,
he regions are divided among SF corresponding to gas ionized by
oung stars, Transition Objects (TO) where ionization is due to AGN
ogether with star formation, and LINERs/Seyfert. These divisions
ollow the criteria of Kauffmann et al. ( 2003b ) and K e wley et al.
 2001 ), K e wle y et al. ( 2006 ), where re gions with 

og([O III ] λ5007 / H β) < 

0 . 61 

log([N II ] λ6583 / H α) − 0 . 05 
+ 1 . 3 (1) 

orrespond to SF galaxies, while those defined by 

og([O III ] λ5007 / H β) > 

0 . 61 

log([N II ] λ6583 / H α) − 0 . 47 
+ 1 . 19 (2) 

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

og([O III ] λ5007 / H β) = 1 . 01log([N II ] λ6583 / H α) + 0 . 48 , (3) 

here Seyfert (LINER) objects are located above (below) this line. 
With MaNGA data, we construct the BPT diagram and excitation
aps using the [N II ] λ6583/H α and [O III ] λ5007/H β emission-line

atios, as shown in fourth row of Figs 3 and A1 –A5 . All galaxies
how AGN ionized gas signatures in the BPT excitation maps with
aNGA data. Some of them also have gas ionization due to star

ormation, such as MaNGA 1-24425 and 1-296801. The nuclear
egion (2 . ′′ 5 in diameter) shows LLAGN in all objects of our sample.
n the BPT diagrams, gas ionization due to hot lo w-mass e volved
tars (Stasinska et al. 2008 ; Cid Fernandes et al. 2011 ), excitation by
hocks and true AGN can all result in spectral line signatures that
ocate the galaxy spectrum in the LINER region. The combination
f the [N II ] λ6583/H α emission-line ratio and the H α equi v alent
idth, known as WHAN diagram, can be used to separate true AGN

rom ‘f ak e’ AGN (Cid Fernandes et al. 2010 , 2011 ). 
Using the values obtained for H α equivalent width and [N II ]

6583/H α emission line ratio, we built the WHAN diagram (Cid
ernandes et al. 2010 , 2011 ) and the excitation map using the
aNGA data. They allow identifying if the gas excitation is caused

y star formation ( H α EW > 3 Å and log([N II ] /H α) < −0.4), or
y low-mass hot evolved stars ( H α EW < 3 Å), typical of retired
alaxies (RG; Stasinska et al. 2008 ; Cid Fernandes et al. 2011 ).
urthermore, it is also possible to check if the ionization source is a
trong AGN (i.e. Seyfert; H α EW > 6 Å and log([N II ] /H α) > −0.4)
r a weak AGN (i.e. LINER; H α EW > 3 Å and log([N II ] /H α) >
0.4). The fourth row of Figs 3 and A1 –A5 show WHAN maps

nd the respective diagrams using DAP data for the six Red Geysers
n our sample that present extended emission. In the nuclear region,
ithin 2 . ′′ 5 in diameter, the gas excitation is due to AGN only in the
alaxies MaNGA 1-279073 and 1-296801. 

We present the maps with the main emission-line ratios using
he GMOS-IFU data in the bottom rows of Figs 3 and A1 –A5 .
nfortunately, we were not able to detect extended emission in the

O III ] λ5007 and H β lines in most objects due to the lower quality
f the GMOS-IFU data in the blue part of the spectra. A value of
N II ] /H α > 1.0 is consistent with gas excited by a central AGN
K e wley et al. 2001 , 2006 ). Five galaxies have [N II ] /H α greater
han 1.0 ; only the galaxy MaNGA 1-296801 has smaller values
 ∼1.0). For [S II ] /H α > 0.7 the gas excitation may be dominated
NRAS 516, 1442–1461 (2022) 
y AGN photoionization (K e wley et al. 2001 , 2006 ). All galaxies
ith extended emission show [S II ] /H α greater than 0.7. Thus,

he observed line ratios are compatible with the presence of low-
uminosity AGNs in all galaxies of our sample of Red Geysers. 

Although we do not have measurements of [O III ] λ5007 and
 β for the entire GMOS-IFU FoV, we have integrated the spectra
ithin a nuclear aperture corresponding to the GMOS-IFU spatial

esolution in order to increase the signal-to-noise ratio of the spectra
nd measure the [O III ] λ5007/H β nuclear line ratio. This aperture
orresponds to 0.3–0.9 kpc at the distance of the galaxies. We fit
he emission-line profiles of the resulting spectrum following the
rocedure described in Section 3 . The resulting fluxes are used to
onstruct the BPT diagrams shown in Fig. 4 . This figure also shows
he ratios based on MaNGA data for an aperture of 2 . ′′ 5 diameter (the
ngular resolution of the data), corresponding to 1.3–3.7 pc at the
istance of galaxies. From the GMOS data, we were able to measure
he [O III ] /H β and [O I ] /H α ratios in six galaxies, while the [N
I ] /H α and [S II ] /H α were obtained for all galaxies. Columns (2)–
9) of Table 3 show the ratios between the emission lines within the
uclear aperture corresponding to the GMOS-IFU spatial resolution
nd for an aperture of 2 . ′′ 5 diameter for the MaNGA data. 

The [O I ] /H α, [N II ] /H α, and [S II ] /H α emission-line ratios for
he GMOS-IFU data are usually equal to or larger than those obtained
or MaNGA, likely because in these objects the peak of the line
atios are observed at the nucleus and mixed with lower values from
 xtranuclear re gions in the MaNGA data. On the other hand, the
O III ] /H β values are smaller for GMOS-IFU. This is likely due
o the lower signal-to-noise ratio (SNR < 10) in the blue region of
he GMOS spectra, as presented in Figs A7 –A9 and a possible
econd order contamination of the spectra which is more important
n the blue part of the GMOS spectra. From the GMOS-IFU data, we
ound that all objects are located in the Seyfert and LINER regions
f the BPT diagram, except MaNGA 1-296801 which lies in the
ivision between TO and LINER. These results were also observed
or the MaNGA data. In the BPT diagrams of Fig. 4 , we also plot the
lassification lines from Law et al. ( 2021 ), the solid blue lines, which
ses MaNGA data to impro v e the boundaries used to determined the
as ionization mechanism in galaxies. This classification divides the
PT diagrams in four regions: AGN (that we refer to as ‘Seyfert’);
I(N)ER; star-forming and intermediate (Int). Based on this division,
alaxies have Seyfert or LI(N)ER ionization with both data, except
-24104 in the [O I ] /H α diagram. 
In the WHAN maps and in the respective diagrams of Figs 3 and

1 –A5 , all galaxies show regions typical of ‘retired galaxies’ ( H α

W < 3 Å) and for two of them this is the case in all spax els. F our Red
e ysers hav e gas ionization caused by AGN: MaNGA 1-279073, 1-
96801, 1-385124, and 1-197230. We also plot this diagram with H α

qui v alent width values and the [N II ] /H α ratios obtained within an
perture equal to GMOS-IFU spatial resolution and 2 . ′′ 5 (MaNGA),
s shown in Fig. 4 . The H α EW values are in the columns (10)–(11)
f the Table 3 . Cid Fernandes et al. ( 2010 , 2011 ) proposed a cutoff
bo v e 3 Å in H α EW to identify a galaxy as AGN. According to
ig. 4 this is found in two galaxies in the MaNGA data and in four
alaxies in the GMOS-IFU data. 

Sanchez et al. ( 2018 ) have proposed a lower limit of H α EW
 1.5 Å to identify AGN in the MaNGA surv e y. These authors

ollowed Cid Fernandes et al. ( 2010 , 2011 ), but relaxing the EW
 α Seyfert/LINER borderline to include weaker AGN. Indeed, as
iscussed in Cid Fernandes et al. ( 2011 ), accreting black holes can
till contribute with a significant fraction of the ionizing power for
 α EW between 1.0 and 3.0 Å. In addition, radio observations of
ed Geysers show that they present higher luminosities than control
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Figure 5. [O III ] λ5007 luminosity ( L [O III ] ) versus H α 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 H α EW were 
determined using GMOS-IFU data with an aperture equal to the angular 
resolution of Table 1 . 
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alaxies, indicating that they host LLAGNs (Roy et al. 2021c ). Thus,
e perform a second classification of the ionization source in our

ample of Red Geysers adopting the same H α EW cut used by
anchez et al. ( 2018 ) to allow the detection of weaker AGN, which
re expected to be present as indicated by the radio observations
entioned abo v e. Using this lo wer H α EW v alue, the number of

alaxies with gas ionization due to AGN rises from two to five in
he MaNGA data, and from four to six in the GMOS-IFU data.
he following Red Geysers have an AGN identified with both data:
aNGA 1-279073, 1-296801, 1-385124, 1-197230, and 1-24104. 
eanwhile, galaxy 1-114245 is classified as an optical AGN host 

nly 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 Å
e found that at least four Red Geysers host a LLAGN in the nuclear

egion. Using the criterion EW > 1.5 Å instead of 3 Å results in
n increase of this number to six objects. The fact that the H α

qui v alent widths are low for a significant number of Red Geysers is
uggestive of the presence of very low luminosity AGN. To check this
ypothesis, we compare the H α equi v alent widths with the [O III ]
5007 luminosity, a proxy for the bolometric luminosity of the AGN
Heckman et al. 2004 ). This comparison is presented in Fig. 5 . The
orrelation between these parameters is indeed very significant with 
 Spearman correlation coefficient of 0.88 and a p -value of 0.002.
his test reinforces the view that the lo w H α equi v alent widths

hat we find for our sample of Red Geysers is a result of the low
uminosity AGN that they contain. Riffel et al. ( 2019 ) analysed the
as ionization source in the Akira galaxy using GMOS-IFU data and
lso concluded that there is an AGN at the nucleus. Our results also
upport the scenario that these galaxies host an LLAGN as suggested
y Cheung et al. ( 2016 ). 
Roy et al. ( 2018 ) identified an excess of radio emission in a sample

f Red Geysers when compared to non-active galaxies, which was 
nterpreted as due to low-luminosity radio-mode AGNs. They found 
hat Red Geysers present a mean radio luminosity at 1.4 GHz of
 1.4 GHz ∼ 2.0 × 10 21 W Hz −1 . As discussed by these authors, for
uch luminosity be due to star formation, a SFR ∼1 M � yr −1 would
e required, but the Red Geysers present much lower SFR, of only
.001–0.01 M � yr −1 . Therefore, star formation cannot explain their 
entral radio emission, supporting the presence of low-luminosity 
MNRAS 516, 1442–1461 (2022) 
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GN in Red Geysers. Among the nine galaxies in our sample, three
bjects are detected in the Very Large Array (VLA) Faint Images
f the Radio Sky at Twenty Centimeters (FIRST) surv e y (Becker,
hite & Helfand 1995 ): MaNGA 1-24104 ( L 1.4 GHz ∼ 0.35 × 10 22 

 Hz −1 ), MaNGA 1-279073 ( L 1.4 GHz ∼ 0.52 × 10 22 W Hz −1 ) and
-296801 ( L 1.4 GHz ∼ 49.7 × 10 22 W Hz −1 ), providing additional
upport that they host AGNs. 

Rembold et al. ( 2017 ) selected an AGN sample from the MaNGA
PL-5 using the diagnostic diagrams described abo v e, which was

pdated 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
he nuclear spectra of the SDSS-III using emission-line fluxes from
homas et al. ( 2013 ). Comparing our GMOS Red Geyser sample
ith Deconto-Machado et al. ( 2022 ), we find that only the galaxy
aNGA 1-279073 is in both samples. As Red Geysers seem to host

LAGN, they are not detected using the 3 . ′′ 0 diameter fibre from
DSS-III data, and thus our results indicate that the identification
f the AGNs in Red Geysers using optical data may require better
ngular resolution than that provided by SDSS-III and MaNGA data.

.2 Electron density 

he electron density ( N e ) maps show a wide range of values:
00–3000 cm 

−3 (Figs 3 and A1 –A5 ). This result is in agreement
ith Kakkad et al. ( 2018 ), Freitas et al. ( 2018 ), and Ruschel-
utra ( 2021 ) that using IFS for AGN samples found N e between
00 and 2500 cm 

−3 . We derived the electron density with [S II ]
mission lines integrated within a nuclear aperture equal to GMOS-
FU spatial resolution, as shown in column (12) of the Table 3 .
he columns (13) and (14) are the lower and upper limits for the
lectron density estimated using the uncertainties in the [S II ] ratios.
he N e range is between 321 and 947 cm 

−3 in column (12) of the
able 3 . Ruschel-Dutra ( 2021 ) obtained ∼ 800 cm 

−3 for the outflow
omponent and 300 cm 

−3 for regions without outflow. Davies et al.
 2020 ) determined an average N e of 350 cm 

−3 for active galaxies
nd 190 cm 

−3 for inactive galaxies with [S II ] emission lines. All
GN host galaxies in our sample have electron densities greater

han 300 cm 

−3 within a nuclear aperture equal to GMOS-IFU spatial
esolution. Cheung et al. ( 2016 ) estimated a N e of 100 cm 

−3 for the
kira galaxy, indicating lo w-density outflo ws in Red Geysers, but
ur results show higher N e . Furthermore, there are several values
reater than 700 cm 

−3 outside the aperture (Figs 3 and A1 –A5 ) that
ay be associated with the presence of high-density outflows in

hese galaxies. Thus, the N e values in our sample are consistent with
revious measurements of the density in ionized outflows, providing
dditional support that Red Geysers present large scale AGN winds.

.3 Gas kinematics 

ur sample was selected to present bi-symmetric H α EW features
lignment with the gas kinematic major axis using MaNGA data.
ur GMOS data show that similar behaviours are also observed in

he central region as can be seen in Figs 3 and A1 –A5 . According to
heung et al. ( 2016 ), the large scale bi-symmetric H α EW features
lignment with the major kinematic axis observed for Red Geysers
annot be explained by gas in a disc. In that case, one would not
xpect the collimated by-symmetric emission structure being al w ays
riented along the kinematic major axis of the galaxy. The observed
econd velocity moment V RMS = (V 

2 + σ 2 ) 
1 
2 for the prototype

ed Geyser – the Akira galaxy – is about 100 km s −1 larger than
he predicted value for a rotating disc (Cheung et al. 2016 ). Riffel
t al. ( 2019 ), using GMOS-IFU observations of Akira, found that the
NRAS 516, 1442–1461 (2022) 
 RMS exceeds by up to ∼50 km s −1 the V RMS predicted by Cheung
t al. ( 2016 ) in the central region and outflows are needed to describe
ts kinematics. Furthermore, a bi-conical wind model reproduces the
hape of the observed velocity field for Akira galaxy (Cheung et al.
016 ). Our MaNGA and GMOS-IFU data reveal some perturbation in
he velocity fields usually associated with higher velocity dispersion
 σ > 150–200 km s −1 ) regions, which suggest signatures of ionized
inds in these galaxies. The small and large scale velocity dispersion
aps show σ > 200 km s −1 at the nucleus, being even larger than

hose seen for Akira. 
All the six Red Geysers with extended emission in our sample show

ome misalignment between the orientations of the gas kinematic
ajor axis at small and large scales, as seen in Figs 3 and A1 –
5 , following the same behaviour observed in Akira (Riffel et al.
019 ), and interpreted as the variation in the outflow orientation
eing produced by the precession of the accretion disc caused by
 misalignment between the spin of the black hole and the disc.
hus, our velocity maps indicate signatures of outflows changing

he orientation from the nuclear region to kpc scales, as observed by
iffel et al. ( 2019 ) for Akira. 
Roy et al. ( 2021a ) investigated the gas kinematics of two Red

eysers: Akira (MaNGA 1-217022) and 1-145922. They found
symmetric profiles for the [N II ] and H α emission lines with red
ings on the blueshifted side of the velocity field and blue wings
n the redshifted side. To explain the observed asymmetries, they
roposed a wind model with bi-conical outflows. The high absolute
alues seen in the h 3 maps based on the GMOS data observed for all
alaxies in our sample indicate the presence of asymmetries in the
mission line profiles, which are confirmed by visual inspection of
he spectra. Moreo v er, the h 3 > 0 (red wings) are co-spatial with the
lueshifted locations of velocity fields, while the h 3 < 0 (blue wings)
 v erlap with the redshifted regions, the same behaviour observed
y Roy et al. ( 2021a ). Thus, the galaxies in our sample show clear
ignature of ionized gas winds, driven by a central AGN and likely
roduced by precession in the accretion disc, as found for Akira.
 detailed analysis of the ionized gas kinematics, including the
odelling and estimates of the outflow properties, will be presented

n a forthcoming work. 

 C O N C L U S I O N S  

e have analysed the gas ionization and kinematics in a sample
f Red Geysers with IFS from MaNGA SDSS-IV and GMOS. The
aNGA-IFU observations have a spatial co v erage ranging between

2 . ′′ 0 and 32 . ′′ 0, while the GMOS-IFU observ ations sho w a FoV of
 . ′′ 0 × 3 . ′′ 5. The MaNGA data have an angular resolution do 2 . ′′ 5
orresponding to 1.3–3.7 kpc at the distance of galaxies. The GMOS-
FU has a spatial resolution of 0.3–0.9 kpc for our sample and spectral
esolution of ∼ 1.6 Å. The main conclusions we have reached are: 

(i) The emission line ratios of all galaxies, within an aperture of
 . ′′ 5 in diameter (inner 1.3–3.7 kpc at the distance of galaxies) for
aNGA and nuclear apertures corresponding to the GMOS-IFU

esolution (0.3–0.9 kpc at the distance of galaxies) indicate that the
mission is produced by gas photoionized by Seyfert/LINER nuclei.

(ii) Only two galaxies, MaNGA 1-279073 and 1-296801, have
 α equi v alent width greater than 3 Å with MaNGA data, which is a

trong indication of the presence of an AGN. But the better spatial
esolution of the GMOS-IFU data shows four Red Geysers with H α

W > 3 Å MaNGA 1-279073, 1-296801, 1-385124, and 1-197230. 
(iii) Using H α EW > 1.5 Å as an indicator of AGN – that we

rgue is better suited for faint AGN – we find five Red Geysers in
aNGA and six in GMOS-IFU data. Five of them are in both data:
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aNGA 1-279073, 1-296801, 1-385124, 1-197230, and 1-24104. 
he galaxy MaNGA 1-114245 has an AGN that is detected only in
MOS-IFU data. 
(iv) The Red Geysers MaNGA 1-24104, 1-279073, and 1-296801 

re radio detected in the VLA-FIRST surv e y pro viding additional
upport that they are AGN hosts. 

(v) Electron density measurements suggest a high-density gas ( N e 

 300 cm 

−3 ) compared to the value previously determinate for the
rototypical Red Geyser Akira galaxy ( N e ∼ 100 cm 

−3 ). Ho we ver,
hey are in agreement with the N e estimated for the NLR and outflow

edium of AGNs. 
(vi) The large scale (MaNGA) and nuclear scale (GMOS) gas ve- 

ocity fields are misaligned, with kinematic position angle differences 
etween 12 ◦ and 60 ◦. The emission-line profiles are asymmetrical, 
ith blue wings on the redshifted side of the velocity field and red
ings on the blueshifted side. These results support that Red Geysers 
ost 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 A2. Same as Fig. 3 , but for galaxy MaNGA 1-24104. 
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Figure A3. Same as Fig. 3 , but for galaxy MaNGA 1-114245. 
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Figure A4. Same as Fig. 3 , but for galaxy MaNGA 1-197230. 
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Figure A5. Same as Fig. 3 , but for galaxy MaNGA 1-279073. 
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Figure A6. The maps were produced using MaNGA-DAP and modelling the emission-line profiles of GMOS-IFU data for three galaxies with compact 
emission. The first row presents the optical image from SDSS with the MaNGA-IFU in magenta. In the second row, the continuum maps from GMOS-IFU 

data are shown. The third and fourth rows show [N II ] λ6583 flux distributions from MaNGA-DAP and GMOS-IFU data. The green rectangles indicate the 
GMOS-IFU FoV. The continuum and flux maps are in units of erg s −1 cm 

−2 arcsec −2 Å−1 and erg s −1 cm 

−2 arcsec −2 . 

Figure A7. Signal-to-noise ratio estimated for continuum in a 300 Å spectral window centred at 4650 Å (SNR Blue), centred at 5650 Å (SNR Red), and 
GMOS-IFU spectrum for the nuclear spaxel of the galaxies. 
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Figure A8. Same as Fig. A7 . 

Figure A9. Same as Fig. A7 . 

This paper has been typeset from a T E 

X/L 

A T E 

X file prepared by the author. 

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/516/1/1442/6665952 by U
niversidade Federal do R

io G
rande do Sul user on 15 D

ecem
ber 2022

art/stac2233_fA8.eps
art/stac2233_fA9.eps

	1 INTRODUCTION
	2 THE SAMPLE, OBSERVATIONS, AND DATA REDUCTION
	3 SPECTRAL FITTING
	4 RESULTS
	5 DISCUSSION
	6 CONCLUSIONS
	ACKNOWLEDGEMENTS
	DATA AVAILABILITY
	REFERENCES
	APPENDIX A: GMOS SAMPLE MAPS

