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A B S T R A C T 

We study the gas distribution and kinematics of the inner kpc of six moderately luminous (43.43 ≤ log L bol ≤ 44.83) nearby 

(0.004 ≤ z ≤ 0.014) Seyfert galaxies observed with the Near-infrared Integral Field Spectrograph (NIFS) in the J (1 . 25 μm) 
and K (2 . 2 μm) bands. We analyse the most intense emission lines detected on these spectral wavebands: [Fe II ] 1 . 2570 μm and 

Pa β, which trace the ionized gas in the partially and fully ionized regions, and H 2 2 . 1218 μm, which traces the hot ( ∼2000 K) 
molecular gas. The dominant kinematic component is rotation in the disc of the galaxies, except for the ionized gas in NGC 5899 

that shows only weak signatures of a disc component. We find ionized gas outflow in four galaxies, while signatures of H 2 

outflows are seen in three galaxies. The ionized gas outflows display velocities of a few hundred km s −1 , and their mass outflow 

rates are in the range 0.005–12.49 M � yr −1 . Their kinetic powers correspond to 0.005–0.7 per cent of the active galactic nuclei 
(AGN) bolometric luminosities. Besides rotation and outflows signatures in some cases, the H 2 kinematics also reveals inflows 
in three galaxies. The inflow velocities are 50–80 km s −1 and the mass inflow rates are in the range 1–9 × 10 

−4 M � yr −1 for 
hot molecular gas. These inflows might be only the hot skin of the total inflowing gas, which is expected to be dominated by 

colder gas. The mass inflow rates are lower than the current accretion rates to the AGN, and the ionized outflows are apparently 

disturbing the gas in the inner kpc. 

K ey words: galaxies: acti ve – galaxies: kinematics and dynamics – galaxies: nuclei – galaxies: Seyfert. 
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 I N T RO D U C T I O N  

he presence of a supermassive black hole (SMBH) at the centre 
f every galaxy with a spheroidal component is a well-accepted 
aradigm of extragalactic astronomy (Kormendy & Ho 2013 ; van 
en Bosch 2016 ), although the absence of a bulge does not imply
he absence of a SMBH (Kormendy, Bender & Cornell 2011 ). 
orrelations between the SMBH and host galaxy properties, e.g. 

he M –σ � relation (Magorrian et al. 1998 ; Ferrarese & Merritt
000 ; Gebhardt et al. 2000 ; Caglar et al. 2020 ), have been studied
 v er more than two decades and such correlations indicate that
he growth of SMBHs and their host galaxies are coupled. The 
alaxy, or interactions with neighbouring galaxies, provides the fuel 
ecessary to feed the SMBH (Storchi-Bergmann & Schnorr-M ̈uller 
019 ) giving origin to active galactic nuclei (AGN). Once triggered, 
he AGN then release energy in the form of radiation, gas outflows,
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r jets of particles that can affect the evolution of the host galaxy
reating the so-called AGN feedback (e.g. Fabian 2012 ). 

Galactic scale feedback from AGN is now understood as one of the
ain mechanisms acting on star formation suppression of a galaxy 

Harrison 2017 ), transforming it from star forming to quiescent. Also,
he addition of AGN feedback into cosmological models explains the 
bserved luminosity function of galaxies (Benson et al. 2003 ) and
eproduces a realistic galaxy population (Bower et al. 2006 ; Nelson
t al. 2019 ; Pillepich et al. 2019 ). 

Theoretical models do predict that AGN-dri ven outflo ws can 
uppress the star formation in the host galaxy (Granato et al. 2004 ;
ubovas & Bourne 2017 ; Costa, Pakmor & Springel 2020 ) and the

elativistic jets can disturb the gas in the interstellar medium (ISM)
reventing star formation (Mukherjee et al. 2018 ). On the other hand,
epending on the power of the AGN feedback, some simulations 
lso predict an enhancement of the star formation (Hopkins 2012 ;
ayakshin & Zubo vas 2012 ; Zubo vas et al. 2013 ; Bieri et al. 2016 ;
ubovas & Bourne 2017 ) or even new stars being formed inside the
utflow (Ishibashi & Fabian 2012 ; Zubovas et al. 2013 ; El-Badry
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t al. 2016 ). Because of the lack of strong observational constraints,
he AGN feedback is usually included in the simulations in an ad hoc
ay (Nelson et al. 2019 ). 
The recent re vie w by Veilleux et al. ( 2020 ) states that molecular

utflows ( T < 10 4 K) are the main drivers of ne gativ e feedback,
.e. quenching of star formation in a galaxy. A way to search
or molecular gas outflows is by observing the H 2 rotational–
ibrational transitions in the near-infrared (near-IR) using integral
eld spectroscopy (IFS; Emonts et al. 2017 ; Riffel et al. 2020 ; Riffel
021 ), where the hot ( ∼2000 K) molecular phase of the gas can
e mapped even though it represents just the ‘tip of the iceberg’
only the heated part) of a much larger cold gas reservoir, which
s usually mapped and studied through CO emission lines detected
t millimetric wavelengths. Although evidence has been found of
old molecular gas outflows that could, in principle, suppress star
ormation (Lutz et al. 2020 ), the estimate of the mass outflow rate
elies on the conversion factor from CO to H 2 that is highly uncertain
Veilleux et al. 2020 ). Thus, it is important to directly map the H 2 

mission, even if this is only possible in its hottest phase, probed by
he near-IR emission lines. 

Another key aspect of AGN is how the SMBH becomes active and
emains at this phase through time. Storchi-Bergmann & Schnorr-
 ̈uller ( 2019 ) revised the main processes involved in the SMBH

eeding. At the largest scales, galaxy mergers (e.g. Hopkins, Ko-
evski & Bundy 2014 ; Storchi-Bergmann et al. 2018 ) and chaotic
old accretion (Gaspari, Ruszkowski & Oh 2013 ; Diniz et al. 2017 ),
lso called cooling flows, are important phenomena. In the case
f galactic scales, disc instabilities cause the gas to lose angular
omentum and mo v e towards the centre. The bars can also trap the

as in rings surrounding the galaxy centre, but they do not seem
o feed the AGN directly, as no difference between the accretion
ates of barred and non-barred galaxies is observed (Galloway et al.
015 ). Using Hubble Space Telescope ( HST ) imaging, Martini et al.
 2003b ) showed that the presence of dust is common among AGN
osts (Martini et al. 2003b ) and it can be related to the feeding of the
MBH, but no difference is found comparing active and non-active
amples. The time-scale for the flow of gas through the dust lanes to
entre may be larger than the AGN activity c ycle, e xplaining the lack
f significant difference of dust distribution between active and non-
ctive galaxies. In a subsequent work, Sim ̃ oes Lopes et al. ( 2007 )
ave shown that although there is indeed no difference between AGN
nd non-AGN for late-type galaxies, there is a marked difference in
arly-type galaxies: most early-type AGN show dust, compared to
nly 25 per cent of the control galaxies. This suggests an external
rigin for the gas in early-type AGN. 
More direct observations of the AGN fuelling are based on studies

f the gas dynamics in the inner kiloparsec of AGN hosts, using
FS that has been successful in mapping gas streaming towards
he centre of galaxies (e.g. Fathi et al. 2006 ; Storchi-Bergmann
t al. 2007 ; Riffel et al. 2008 ; M ̈uller S ́anchez et al. 2009 ; Riffel,
torchi-Bergmann & Winge 2013b ; Diniz et al. 2015 ; Schnorr-
 ̈uller et al. 2017b ). Signatures of gas inflows are observed in
ultigas phases: (i) the cold molecular gas ( ∼100 K) can be traced

t millimetric wavelengths with facilities like the Atacama Large
illimeter/submillimeter Array (ALMA) using spatially resolved

bservations of the CO transitions (e.g. Combes et al. 2013 ); (ii) the
ot molecular gas ( ∼2000 K) that is observed in the near-IR and
an be mapped through the H 2 emission lines in the K band (Riffel
t al. 2013b ; Diniz et al. 2015 ), where the strongest is the H 2 (1–0)
(1) 2 . 1218 μm emission line; (iii) the hot ionized gas ( ∼10 000 K)
sing optical emission lines like the [N II ] (e.g. Schnorr-M ̈uller et al.
017a ). The inflow rates are typically ∼1 M � yr −1 , which are three
NRAS 510, 639–657 (2022) 
rders of magnitudes higher than the SMBH accretion rates, meaning
he gas can feed the AGN and accumulate at the centre and form
tars o v er an AGN duty-c ycle (Storchi-Bergmann & Schnorr-M ̈uller
019 ). Other studies of the inner region of active galaxies found that
he molecular hydrogen emission usually originates from the gas
n the disc (Barbosa et al. 2014 ; Riffel, Storchi-Bergmann & Riffel
015 ), meaning its kinematics tend to be similar to the stellar one,
ut in some cases streaming motions towards the centre may also
e observed (Riffel et al. 2008 , 2013b ; Diniz et al. 2015 ). Hot H 2 

utflows are also observed in some nearby AGN hosts at scales of a
ew hundred parsecs (e.g. Davies et al. 2014 ; Ramos Almeida et al.
017 ; Riffel et al. 2020 ; Riffel 2021 ). 
Our group [the AGN Integral Field Spectroscopy (AGNIFS)

roup] has been using observations with the Gemini Near-infrared
ntegral Field Spectrograph (NIFS) to map the gas and stellar
roperties in the inner kiloparsec of nearby active galaxies. The
ain sample is composed of 20 objects and is described in Riffel

t al. ( 2018 ). So far, 16 objects hav e been observ ed with NIFS or
ave Very Large Telescope (VLT)-Spectrograph for INtegral Field
bservations in the Near Infrared (SINFONI) archival data. The
bservation of one galaxy is on queue for this semester and we
xpect to conclude the observations of the remaining three objects
n 2022, before NIFS is decommissioned from the observatory. The
as kinematics of both ionized and molecular gas usually presents
 rotating disc component. Outflows are commonly observed in
onized gas and scarce in molecular gas that, in some cases, besides
he rotation, presents signatures of inflows (Storchi-Bergmann et al.
010 ; Riffel & Storchi-Bergmann 2011a , b ; Riffel et al. 2013b , 2020 ;
iffel, Storchi-Bergmann & Riffel 2014 ; Sch ̈onell et al. 2014 , 2017 ,
019 ; Diniz et al. 2015 , 2019 ; Gnilka et al. 2020 ). Our previous work
Sch ̈onell et al. 2019 ) shows flux distribution and kinematic maps
f the same galaxies we are studying here. The biggest difference
etween this paper and the previous is that now we disentangle
he different emission components (see Section 3.1) and quantify
he non-rotational motions, like outflo ws and inflo ws. Such features
ere just suggested, and not investigated in deeper detail, in Sch ̈onell

t al. ( 2019 ). 
In this paper, we continue our series of works aimed at investigat-

ng the AGN feeding and feedback processes. We analyse the ionized
nd molecular gas kinematics of six active galaxies observed with
emini NIFS in the J and K bands. In Section 2, we present our

ample and a summary of the observations and the data reduction
rocedure. Section 3.1 presents the method used to fit the emission
ine profiles, while in Section 3.2, we present the resulting flux,
 elocity, and v elocity dispersion maps. We compare our results with
hose from the literature and further analyse our results in Section 4,
ummarizing the impact of the gas inflows and outflows on the
alaxies in Section 5. Our conclusions are presented in Section 6.
hroughout this paper we adopt h = 0.7, �m 

= 0.3, and �λ = 0.7
osmology. 

 T H E  SAMPLE  A N D  DATA  

.1 The sample of acti v e galaxies 

he galaxies in this paper are part of the AGNIFS sample (Riffel et al.
018 ), composed of Seyfert galaxies observed with the NIFS on the
emini North Telescope. This sample was selected by adopting the

ollowing criteria: (i) X-ray luminosity L X > 10 41.5 erg s −1 in the 14–
95 keV band in the 105-month Swift -Burst Alert Telescope (BAT)
atalogue (Oh et al. 2018 ); (ii) z ≤ 0.015; and (iii) −30 ◦ < δ <

3 ◦, making them accessible to NIFS. An additional criterion – the
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resence of extended [O III ] optical emission previously detected in 
he galaxies (see Riffel et al. 2018 and references therein) – was 
dded to guarantee these sources present extended emission from 

he ionized gas in the near-IR. The hard X-ray luminosities are 
articularly suited to the selection of AGN because, in principle, 
his radiation is not obscured in the line of sight as would happen
n optical wavebands up to Compton thick densities (Ricci et al. 
015 ). The redshift criterion guarantees we reach tens of parsec 
n spatial resolution, necessary for resolving inflows and compact 
utflows. 
In this work, we study six galaxies selected from the AGNIFS 

ample: NGC 788, NGC 3516, NGC 5506, NGC 3227, NGC 5899, 
nd Mrk 607. These galaxies are among the 50 per cent most
uminous ones without previous studies of their kinematics using 
IFS. The other 10 galaxies have already been studied by our group
r are currently being analysed (Riffel et al., in preparation). They 
o v er a luminosity range of 43 . 4 < log L bol (erg s −1 ) < 44 . 8 and a
edshift range of 0.004 < z < 0.014. We obtained J (1.25 μm) band
ata cubes for all galaxies, K (2.20 μm) for NGC 788, NGC 3516,
nd NGC 5506, and K long (2.30 μm) for NGC 3227, NGC 5899, and
rk 607. In the K long grating, some molecular hydrogen transitions 

re not a vailable, b ut this does not affect the analysis we perform
ere, which is focused on the analysis of the strongest emission lines
rom the molecular and ionized gas. 

The NIFS data of these galaxies have been previously used in 
wo studies. In Sch ̈onell et al. ( 2019 ), we presented the data and
as distribution and kinematics based on emission line fitting with 
auss–Hermite functions (for details on the differences between 

he present and previous fitting methods see Section 3.1). We also 
resent the spatial distributions of ionized and molecular gas. In 
iffel et al. ( 2021b ), we analyse the gas excitation concluding that

hermal processes, such as shocks due to gas outflows, are the main
ource of excitation to both [Fe II ] and H 2 . 

.2 Near-IR obser v ations and data 

he NIFS is composed of 29 slitlets with a width of 0.103 arcsec and
 height of 3.0 arcsec that together create a field of view (FoV) of
 × 3 arcsec 2 . The spatial sampling along each slitlet is 0.042 arcsec.
t the redshifts of the galaxies studied here, the NIFS FoV covers

ess than 1 kpc (see the 1 arcsec scale on the bottom left-hand corner
f the continuum maps in Figs 1 –6 ). All observations were carried
ut between 2012 and 2016 (Observing IDs: GN-2012B-Q-45, GN- 
013A-Q-48, GN-2015A-Q-3, GN-2015B-Q-29, and GN-2016A-Q- 
) and used the NIFS adaptive optics system ALTtitude conjugate 
daptive optics for the InfraRed (AL TAIR). AL TAIR uses a laser or
atural star to guide the observations and correct for the seeing effect.
or the J - and K -band observations we obtain angular resolutions of
.13–0.15 and 0.12–0.18 arcsec, respectively, that correspond to a 
cale of 19 –36 and 22 –36 pc in the J and K bands at the distance of the
alaxies. The angular resolutions were estimated from the full width 
t half-maximum (FWHM) of the telluric standard star for the type 
 AGN and from the flux distributions of the broad components of
he Pa β and Br γ emission lines for the type 1 objects. The spectral
esolutions of ∼1.8 Å, in the J band, and ∼3.2 Å, in the K band,
orresponding to ≈45 km s −1 , make the NIFS data appropriate to
haracterize the gas kinematics. 

The data reduction procedure, explained in detail in Sch ̈onell et al.
 2019 ), uses the Gemini NIFS IRAF packages. Sev eral e xposures
f each galaxy are performed (see table 1 in Sch ̈onell et al. 2019 )
nd, in each of them, the main reduction steps are the flat-fielding,
ky subtraction, s-distortion correction, and wavelength and flux 
alibrations. The data cubes for individual exposures were mean 
ombined using the peak of the continuum emission as the reference
or astrometry creating a final data cube with a pixel size of
.05 arcsec for each band for all galaxies. 

 MEASUREMENTS  A N D  T WO - D I M E N S I O NA L  

APS  

.1 Measurements 

he J and K -bands spectra of nearby active galaxies are rich in
mission lines from ionized species and molecular hydrogen (Riffel, 
odr ́ıguez-Ardila & Pastoriza 2006 ). Here we focus our analysis on

he strongest emission lines in active galaxies – [Fe II ] 1 . 2570 μm,
a β λ1 . 282 μm, and H 2 2 . 1218 μm, which represent distinct gas
hases (Rodr ́ıguez-Ardila, Riffel & Pastoriza 2005 ; Riffel et al.
006 , 2013a , 2019 ). In the specific case of the H 2 2 . 1218 μm, this
ine is also selected because it is less affected by telluric absorp-
ions and is within the observed spectral K -band range in the six
alaxies. 

These emission lines have distinct physical origins: the 
Fe II ] 1 . 2570 μm emission originates in the partially ionized region,
here the flux of ionizing radiation is not sufficient to fully ionize the
as, has an ionization potential of 7.9 eV, and is a good tracer of AGN
utflows (Storchi-Bergmann et al. 2010 ; Barbosa et al. 2014 ); the Pa β
s a recombination line that traces the ionized gas emission; and the
 2 emission lines map the hot skin of the densest regions associated
ith the cold molecular gas. Because of the common origin, Pa β and
r γ emission lines have the same spatial distribution, i.e. trace the

ame gas. We choose the former because it is more intense than the
atter. 

We fitted the emission line profiles in each spaxel using the
YTHON -based package IFSCUBE that is designed to handle data 
ubes from IFS data or single spectrum observations (Ruschel-Dutra 
 de Oliveira 2020 ). To fit the emission lines we used the CUBEFIT

odule that allows the fit of one or more Gaussian or Gauss–Hermite
unctions to the observed emission line profiles. Initial guesses and/or 
ounds for each of the fitting parameters can be provided by the user:
he amplitude ( A ), centroid velocity ( V ), velocity dispersion ( σ ), and
he h 3 and h 4 moments specifically for the Gauss–Hermite fit. 

We also remo v ed the continuum contribution with a low-order
olynomial. As we selected only the region close to the line to be
tted, in almost all of our fits we used a first-degree polynomial

o represent the continuum. The exceptions are the third-order 
olynomial in both the J - and K -band fits of Mrk 607 and in the
 -band fit of NGC 5899, and the fourth-order polynomial for the J
and in NGC 3516. 
In our sample, three galaxies are classified as type 1 Seyfert (Sy1;

h et al. 2018 ): NGC 3227, NGC 3516, and NGC 5506, meaning
he broad line region (BLR) of the AGN is detected. The BLR is
dentified as a broad component ( ∼1000 km s −1 ) superimposed to
he other components of the Pa β and Br γ , in the J and K -bands
pectral range. Since the BLR is not spatially resolved, their line
rofiles were fitted by a Gaussian function with fix ed v elocity and
elocity dispersion in all spaxels they appeared, as measured from 

he nuclear spectrum of each galaxy. 
In previous works with these galaxies different strategies to fit 

he emission lines have been adopted. In Sch ̈onell et al. ( 2019 ),
auss–Hermite functions were chosen because the emission line 
rofiles deviated from a Gaussian function. A different approach 
as adopted in Riffel et al. ( 2021b ) where up to three Gaussian

unctions were fitted to each emission line. Both approaches aimed 
MNRAS 510, 639–657 (2022) 



642 M. Bianchin et al. 

Figure 1. NGC 788 . First row shows, in the left-hand panel, a Panoramic Survey Telescope and Rapid Response System (Pan-STARRS) large-scale 
(1 × 1 arcmin 2 ) colour image in the y , i , and g bands. The green square indicates the NIFS FoV (3 × 3 arcsec 2 ) that is zoomed-in in the continuum 

image from a 100 Å window centred at 2 . 14 μm in the K band shown in the adjacent panel. The magenta and cyan dashed lines indicate the orientation of 
the galaxy major axis and stellar kinematics position angle (Riffel et al. 2017 ), respectively. Examples of the H 2 , Pa β, and [Fe II ] profile fits are shown in the 
three panels to the right. The continuum contribution is subtracted from the observed (black continuous line) and modelled (red dashed line) spectra. In the H 2 

panel, the narrow component is represented in green and the spurious sky component in blue. Bottom three rows: 2D maps obtained from the Gaussian fit to the 
emission lines. The first column shows the flux distribution in units of erg s −1 cm 

−2 Å−1 for the H 2 2 . 1218 μm, Pa β, and [Fe II ] 1 . 2570 μm. The second and 
third columns show the velocity and velocity dispersion maps in km s −1 . The black cross indicates the position of the nucleus (peak of the continuum flux as in 
Sch ̈onell et al. 2019 ). The gre y re gions correspond to positions with line amplitudes smaller than 3 σ of the continuum flux adjacent to the line or with spurious 
measurements. In all maps the north is up and east to the left. 
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t the best representation of the observed line profiles and no physical
eaning to the components was attributed. In this paper, we fit up

o three Gaussian functions to the profile of each emission line. The
riterion to decide which model provides the best representation of
he observed spectral features is based on the following procedure.

e calculate the mean of the residuals, observed spectra − model
NRAS 510, 639–657 (2022) 
ivided by the standard deviation for each emission line within a
indow of 1000 km s −1 . We then select as the best model the one that
ives the lowest value for this residual. An special case is Mrk 607,
here the emission line profiles have a clear double-peak structure

nd it has a well-known equatorial outflow (Freitas et al. 2018 ), so
ur procedure tried to address this. Using this strategy and previous

art/stab3468_f1.eps
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Figure 2. Same as in Fig. 1 but for NGC 3516. The purple line in the continuum map indicates the ionization axis derived from the [N II ] flux distribution 
(Ruschel-Dutra et al. 2021 ). The broad line region (BLR) component to the Pa β has been subtracted from the observed and modelled spectra. 
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esults from the literature on these galaxies, we fitted the following 
umber of Gaussian functions to the [Fe II ], Pa β, and H 2 2 . 1218 μm
mission lines. 

(i) For NGC 788 and NGC 3516, a single Gaussian component 
an reproduce the observed profiles at all locations. For NGC 788 a
ky feature close to the H 2 2 . 1218 μm significantly affected the maps
resented in Sch ̈onell et al. ( 2019 ). We have now taken care of this
eature as follows. The line profile was fitted by two components: 
ne representing the H 2 emission and the other, with fixed width 
 σ = 20 km s −1 ) and centred at 2.1218 μm in all spaxels, for
he sky contamination. Since the sky feature is just a contamina- 
ion, we consider that the H 2 is reproduced by a single Gaussian
unction. 
e
(ii) For NGC 5506 and NGC 3227, the [Fe II ] 1 . 2570 μm and Pa β
ine profiles were fitted with two Gaussian curves each, while the
 2 2 . 1218 μm is well reproduced by a single Gaussian function at

ll locations. 
(iii) Two Gaussian components are needed to reproduce each 

mission line of NGC 5899. 
(iv) For Mrk 607, the emission lines are well reproduced at most

ocations by a single Gaussian curve tracing the emission of gas
n the galaxy disc, except for the inner 0.5 arcsec where three
omponents are present, one due to the disc and two produced
y an equatorial outflow previously observed in spectra of this 
alaxy (Freitas et al. 2018 ). The same strategy has already been
dopted to describe the equatorial outflow in NGC 5929 (Riffel 
t al. 2015 ). 
MNRAS 510, 639–657 (2022) 
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Figure 3. Same as in Fig. 1 , but for the narrow and broad components of NGC 5506. In the fits examples the narrow and broad components of Pa β and [Fe II ] are 
represented in green and purple, respectively. The broad line region (BLR) component to the Pa β has been subtracted from the observed and modelled spectra. 
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In the cases where two Gaussians are necessary, one is broad ( σ
400 km s −1 ) and one is narrow ( σ ∼ 100 km s −1 ). Examples of

he fits, extracted from the nuclear spaxel, are presented in the first
ine of Figs 1 –6 . 
NRAS 510, 639–657 (2022) 
.2 Flux and kinematic maps 

n the top left-hand panel of Figs 1 –6 , we present the Panoramic
urv e y Telescope and Rapid Response System (Pan-STARRS) g ,
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Figure 4. Same as in Fig. 1 , but for the narrow and broad components of NGC 3227. In the fits examples the narrow and broad components of Pa β and [Fe II ] are 
represented in green and purple, respectively. The broad line region (BLR) component to the Pa β has been subtracted from the observed and modelled spectra. 
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 , and y composite image (Chambers et al. 2019 ; Flewelling et al.
020 ) in large scale (1 × 1 arcmin 2 ) for each galaxy in our sample.
o the right, we present an image of the continuum, obtained 
irectly from the NIFS data cube in a region free of emission lines,
entred at 2 . 14 μm, by calculating the mean of the spectra in a
indow of 100 Å. The dashed lines in these two images indicate

he orientation of the galaxy major axis and the orientation of the
ine of the nodes of the stellar velocity field (Riffel et al. 2017 ).
MNRAS 510, 639–657 (2022) 
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Figure 5. Same as in Fig. 1 , but for the narrow and broad components of NGC 5899. In the fits examples the narrow and broad components of H 2 , Pa β, and 
[Fe II ] are represented in green and purple, respectively. 
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he other three panels show examples of the H 2 2 . 1218 μm, Pa β,
nd [Fe II ] 1 . 2570 μm emission line fits, extracted from the spaxel
t the peak of the continuum emission. The black continuous line
s the observed and the red dashed line the modelled spectra. For
NRAS 510, 639–657 (2022) 
larity in the plots, the continuum contribution was subtracted from
oth. When more than one Gaussian function was fitted, we present
he individual components as coloured continuous lines: green for
arrow, purple for broad, and red and blue for the redshifted and
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Figure 6. Same as in Fig. 1 , but for the three profile components in Mrk 607. In the fits examples the narrow, blueshifted, and redshifted components of H 2 , 
Pa β, and [Fe II ] are represented in green, blue, and red, respectively. The panels showing the emission from the galaxy disc are presented in the top. The emission 
of the other two Gaussian components, blue and red, is shown in the bottom panels. These components are only rele v ant at the central region of the maps, which 
are thus zoomed in to show only the inner 1 × 1 arcmin 2 , indicated as a square in the top left-hand panel of the disc component. 
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lueshifted components in Mrk 607. For all galaxies, the nuclear 
paxel presents the most complex emission line profiles and, as can 
e observed from these figures, the adopted models can properly 
eproduce the observed profiles. 
The emission line fitting was performed o v er the whole NIFS FoV
roducing two-dimensional (2D) maps for all the fitted parameters. 
n Figs 1 –6 , we also present 2D maps for the flux, velocity (after
he subtraction of the systemic velocity, defined as the velocity 
MNRAS 510, 639–657 (2022) 
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btained by fitting the H 2 velocity field by a rotation disc model – see
ection 4.1), and velocity dispersion (corrected for the instrumental
roadening) for each Gaussian component fitted to [Fe II ], Pa β, and
 2 emission lines of every galaxy in our sample. The name of the
alaxy is indicated at the upper left-hand corner and the vertical
ars on the right indicate which component the maps are referring
o: green to the narrow and purple to the broad components; in the
ase of Mrk 607, which has three components, green corresponds
o the narrow/disc, blue and red to the blueshifted and redshifted
omponents, respectiv ely. The gre y re gions in these maps represent
ocations where the amplitude of the corresponding Gaussian compo-
ent is lower than three times the standard deviation of the continuum
ev el ne xt to each emission line. 

In Appendix A (shown as supplementary material), we present the
mission line channel maps for the three emission lines fitted and
nalysed here. These channel maps support our interpretation of the
olecular and ionized gas kinematics in the galaxies. 

.2.1 Highlights from the kinematic maps 

 detailed discussion of all the maps, including the flux distributions,
nd a comparison with previous results for each galaxy are presented
n the Appendix B. 

Here we summarize the main features observed in the gas kine-
atics: (i) the narrow/single component is dominated by rotation,

.e. from gas orbiting in the disc, except the case of NGC 5899, for
hich it is due to ionized outflows; (ii) the broad component in the

onized gas is detected in three galaxies – NGC 5506, NGC 3227,
nd NGC 5899 – and it is interpreted as tracing gas outflow; (iii) a
road component in the molecular gas is seen only in NGC 5899 –
nterpreted as originating from the interaction between the ionized
utflows and the molecular gas in the disc; (iv) an equatorial outflow
s detected in Mrk 607; (v) the narrow component kinematics –
lthough dominated by rotation – usually shows deviation, which
re mostly present in the ionized gas, but also in H 2 in the case of
GC 3227. 

 DISCUSSION  

.1 Rotation models 

n Figs 1 –6 , we observe that the narrow or single component of both
olecular and ionized gas velocity fields shows a rotation pattern, but

ome deviations from pure rotation are also observed. The molecular
as is usually more restricted to the plane of the disc (e.g. Reunanen,
otilainen & Prieto 2002 ; Riffel et al. 2015 ), therefore it is prone to
aving a velocity field dominated by rotational motions. We then fit
he narrow/single component velocity fields by a rotation disc model,
o investigate the residual velocity maps (observed − model) and
dentify non-circular motions. The H 2 velocity fields are modelled
y the following equation: 

 ( R, ψ) = V sys + 

AR cos ( ψ − ψ 0 ) sin θ cos p θ

{ R 

2 [ sin 2 ( ψ − ψ 0 ) + cos 2 ( ψ − ψ 0 ) ] + C 0 cos 2 θ} p/ 2 
, 

here R is the distance of each spaxel to the nucleus, V sys is the
ystemic velocity of the galaxy, A is the velocity amplitude, ψ is
he position angle of each spaxel in the plane of the sky, ψ 0 is the
rientation of the line of the nodes, θ is the inclination of the disc,
 0 is a concentration parameter, and the parameter p defines the

lope of the rotation curve at the largest radii and is restricted to 1
p ≤ 3/2. The equation is based on Bertola et al. ( 1991 ) and has

lready been used in previous works by our group using similar data
NRAS 510, 639–657 (2022) 
e.g. Schnorr-M ̈uller et al. 2014 ; Diniz et al. 2015 ; Brum et al. 2017 ,
019 ). 
During the fit of the H 2 velocity fields we fix ψ 0 and θ to the

alues obtained from previous modelling of the stellar velocity fields
Riffel et al. 2017 ). We adopt this procedure because the non-circular
otions in the gas kinematics – e.g. inflows and outflows – will

nfluence the fit possibly leading to a wrong rotation field, while
he stars are a better tracer of circular motions dominated by the
ravitational potential of the galaxies. In the case of Mrk 607, to take
nto account the counter-rotation of the gas (Riffel et al. 2017 ; Freitas
t al. 2018 ), we subtract 180 ◦ from ψ 0 and adopt this new value as the
rientation of the line of the nodes. The kinematical centre is assumed
s the position corresponding to the peak of the continuum flux in
he K band. We also assume p = 3/2 that our previous studies have
hown to reproduce better the inner regions. Previous assumptions
f a flat rotation curve ( p = 1) are better suited to the outer regions
beyond the inner kpc probed here) of disc galaxies. Therefore, A ,
 sys , and C 0 are the only free parameters of the model. The middle
olumn of Fig. 7 shows the modelled rotation velocity fields. 

We use the colour maps from Martini et al. ( 2003a ) to determine
he far and near sides of the galaxies as indicated in the central panel
f Fig. 7 . The V − H colour map allows the identification of the
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ost obscured side of the galaxy, which can be identified with its
ear side. This is due to the fact that the light emitted by the central,
ost luminous region of the galaxy (bulge and surroundings), due to 

he galaxy inclination, becomes partially hidden by dust lanes in the 
ear side of the disc, while in the far side this does not happen. Thus,
he near side is redder and looks dustier than the far side the colour
aps of the galaxies. 
In NGC 3227, the dust lanes are not as clear as in the other

alaxies, but our determination agrees with those from previous 
orks (Barbosa et al. 2009 ; Alonso-Herrero et al. 2019 ). HST data

n V - and H -band images are not available for NGC 5899, therefore
e use the Pan-STARRS image (Fig. 5 ), assuming the arms are

railing, and from the observed kinematics, determine the south- 
est as the near side of the galaxy. We use the galaxy major axis
etermined by Riffel et al. ( 2017 ) to separate the near from the far
ides. 

In order to identify non-circular motions in the H 2 kinematics, we 
uild the residual velocity maps ( V res = V H 2 − V model ) presented in
he third column of Fig. 7 . If the gas is located in the plane of the disc,
lueshifts in the far side and redshifts in the near side indicate that
he gas is moving towards the centre of the galaxy. If the opposite is
bserved, redshift in the far side and blueshifts in the near side, the
esiduals may be tracing outflows. In all cases, the residual velocities 
re much smaller than the observ ed v elocity amplitudes, indicating 
hat the velocity fields for the narrow component are dominated by 
otation. Ho we ver, systematic de viations from pure rotation are seen
n all galaxies suggesting that besides rotation, the gas displays also 
on-circular motions. Thus, we summarize and interpret the observed 
elocity residuals for each galaxy as follows. 

NGC 788. Mostly blueshifts in the far side and redshifts in the
ear side of the galaxy with velocities of ∼50 km s −1 . Assuming that
he gas is in the disc, as indicated by the low σ values ( ∼60 km s −1 )
bserved (Fig. 1 ), the residual velocities are consistent with streaming 
otions towards the centre. On the other hand, another possible 

xplanation, as the residuals are more spread o v er the F oV, is that
hese disturbances in the velocity field originate from the interaction 
etween the possible [Fe II ] bipolar outflow and the molecular gas in
he disc. 

NGC 3516. The residual map shows mostly redshifts in the near 
ide of the galaxy and blueshifts in its far side. The enhanced H 2 flux
alues outside the nucleus are cospatial with the highest residuals 
nd with the lowest H 2 σ values (Fig. 2 ). The residual maps, H 2 

ux distribution, and velocity dispersion support the presence of 
treaming motions towards the centre of this galaxy. 

NGC 5506. Some redshifts are observed in the far side and 
lueshifts in the near side of the galaxy, approximately along the 
GN ionization axis at position angle of 22 ◦ (Fischer et al. 2013 ).
his result is consistent with the orientation of the ionized outflow 

bserved in Pa β and [Fe II ] (see Section B3). The H 2 residuals may
e tracing the emission of molecular gas located in the outer layers
f the outflow seen in the ionized gas. 
NGC 3227. In the central 0.7 arcsec, redshifts are observed in the

ar side and blueshifts in the near side of the galaxy, indicating the
resence of a compact outflow with velocity amplitudes ∼80 km s −1 .
avies et al. ( 2014 ) do not see the molecular outflow directly, instead

nterpret the H 2 velocity field distortions as due to an interaction 
etween the ionized outflow and the gas in the disc. On the other
and, a compact molecular outflow seen in the CO(3–2) along the 
alaxy minor axis with an extension of 70 pc has been detected for the
old gas (Alonso-Herrero et al. 2019 ), supporting our interpretation. 
he outflow structure for this galaxy is probably a combination of

he scenarios proposed by Fischer et al. ( 2013 ), where we see inside
he ionized outflow bicone (Fig. 4 ), and by Alonso-Herrero et al.
 2019 ), where the molecular emission is more compact and clumpy.

NGC 5899. This galaxy shows the clearest signatures of gas 
nflows in our sample. A strip of blueshifted gas ( ∼80 km s −1 )
s observed in the north-west side of the nucleus (the far side
f the galaxy). Redshifts with similar velocities are seen on the
ear side of the disc. Both, blueshifts and redshifts, are seen in
egions with low H 2 velocity dispersion (Fig. 5 ), indicating that the
as is located in the plane of the galaxy and thus consistent with
nflows. 

Mrk 607. We use the single Gaussian fit to obtain the rotation
odel for this galaxy as it represents the bulk of the emission from

he disc. The residuals are small at most locations. The residual map
resents an excess of redshifts perpendicular to ψ 0 , which may be
ssociated with the equatorial outflows observed for this galaxy (see 
reitas et al. 2018 , and discussion below). 

.2 Inflow properties 

he feeding to the AGN can be measured through kinematic 
ignatures on the velocity maps that indicate the gas is flowing
owards the centre. In H 2 2 . 1218 μm such signatures have been
bserved in some nearby active galaxies, including a few galaxies of
he AGNIFS sample (e.g. Riffel et al. 2008 , 2013b ; Hicks et al. 2009 ;
 ̈uller S ́anchez et al. 2009 ; Diniz et al. 2015 ). In Section 4.1, we

resent the H 2 residual velocity maps for the six galaxies and all of
hem present disturbances. For three galaxies, NGC 788, NGC 3516, 
nd NGC 5899, a possible interpretation for the residuals – excess 
f blueshifts in the near side and of redshifts in the far side – is the
resence of the gas inflows. Although we cannot rule out some other
ffect, such as disturbances due to ionized outflows, we adopt here
he inflow hypothesis. 

Based on Scoville et al. ( 1982 ) we can estimate the mass of hot
olecular gas in the disc component gas from the following equation: 

(
M H 2 

M �

)
= 5 . 0776 × 10 13 

(
F H 2 2 . 1218 

erg s −1 cm 

−2 

) (
D 

Mpc 

)2 

, (1) 

here F H 2 2 . 1218 flux of the narrow component of H 2 2 . 1218 μm
ummed o v er the whole FoV and D is the redshift distance of
he galaxy. This equation is valid for gas in local thermodynamic
quilibrium ( T vib ≈ 2000 K) that is consistent with the temperatures
e measure for these galaxies (Riffel et al. 2021b ). 
The equation abo v e pro vides the total mass of hot molecular gas

n the disc (rotating gas + inflows) that is extended over a region
ith a radius r d ≈ 1 arcsec in these three galaxies. This radius

ncloses an area smaller than the NIFS FoV and is chosen because
sually the borders present poorer quality in the emission line fit.
he inflowing structures (see V res in Fig. 7 ) appear in pairs with
elocities of opposite values in each side of the galaxy resembling
ouble spiral arms ( n arms = 2) that are also clear in the large-scale
mage of NGC 5899 (Fig. 5 ) where they are more collimated, each
ith a radius r ≈ 0.3 arcsec and each with a velocity of v obs =
0 km s −1 . In NGC 788 and NGC 3516, the spiral arms are not seen
n their large-scale images but are observed in the velocity residual
aps ( v obs = 50 km s −1 ), being less collimated than for NGC 5899,
ith a radius r ≈ 0.5 arcsec. The corresponding physical radius for
 d and r are presented in Table 1 . 

To obtain the mass inflow rate we assume the gas is moving
owards the centre o v er a circular cross-section with radius r in a
piral structure with two arms ( n arms = 2) provided by the following
MNRAS 510, 639–657 (2022) 
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Table 1. Inflow properties: (1) Galaxy name; physical scale, in parsec, of 
the (2) H 2 disc radius and of the (3) cross-section radius; (4) velocity of the 
inflowing gas in km s −1 ; and (5) mass inflow rate in 10 −3 M � yr −1 . 

Galaxy r d r v in Ṁ H 2 
(1) (2) (3) (4) (5) 

NGC 788 278 139 140.8 0.9 
NGC 3516 181 91 160.1 0.62 
NGC 5899 176 53 90 0.1 
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quation: 

˙
 H 2 = 2 m p N H 2 v in πr 2 n arms , (2) 

here m p is the proton mass and the inflow velocity v in = v obs /sin i ,
nd v obs is the observed velocity inferred from the velocity residual
aps (50 km s −1 for NGC 788 and NGC 3516 and 80 km s −1 for
GC 5899), corrected by the inclination of the disc i obtained from

he modelling of the stellar velocity field by Riffel et al. ( 2017 ). The
ther term of this equation is N H 2 , the molecular hydrogen density,

btained through N H 2 = 

M H 2 
2 m p πr 2 d h 

. M H 2 is the molecular gas mass as

alculated by equation (1) that is distributed in a thick disc with
adius r d with a height h adopted as the typical value of 30 pc (Hicks
t al. 2009 ). 

The masses of hot molecular gas range from 177 to 377 M � and, as
xpected, agree with the values we have already calculated for these
alaxies (Sch ̈onell et al. 2019 ). The densities, in the range 1.05–
.49 × 10 −3 cm 

−3 , are systematically lower than we have previously
easured in Mrk 79 and in NGC 2110: 3.3 × 10 −3 cm 

−3 (Riffel
t al. 2013b ) and 6.22 × 10 −3 cm 

−3 (Diniz et al. 2015 ), respectively.
lthough we find this discrepancy the values have the same order
f magnitude and can be considered consistent with each other. In
able 1 , the inflow properties are summarized. The inflow velocities
re higher in NGC 3516 reaching 160 km s −1 . Mass inflow rates range
rom 0.1 to 0.9 × 10 −3 M � yr −1 and are similar to values obtained
or similar objects in the hot molecular gas (Riffel et al. 2013b ; Diniz
t al. 2015 ; Storchi-Bergmann & Schnorr-M ̈uller 2019 ). 

.3 Outflows properties 

s mentioned in Section 3.2.1, in NGC 5506, NGC 3227, and
GC 5899 the ionized gas shows signatures of outflows, traced
y the broad component, while in Mrk 607 an equatorial outflow is
bserved. The major part of this section is dedicated to estimate the
ass, mass outflow rate, and kinetic power of the ionized outflows. 
We also observe molecular outflows in NGC 5899 and in Mrk 607,

raced by the distinct kinematic components. In the residual velocity
aps (Section 4.1) evidence for the presence of molecular outflows

s observed in NGC 5506 and NGC 3227. The hot molecular
ydrogen represents a small fraction of the total molecular gas of
he galaxy, thus we expect the mass outflow rates and powers to be
mall compared to the more powerful ionized outflows. The derived
uantities will be presented and discussed in Section 4.3.4. 

.3.1 Fraction of the gas in the outflows 

e assume the outflow is traced only by the broad component in
GC 5506 and NGC 3227. Thus, all the calculations performed

n this section are based on this component. In NGC 5899, both
omponents fitted to the ionized gas emission lines are produced
y a bipolar/biconical outflow and in Mrk 607 the blueshifted and
edshifted components are describing an equatorial outflow, thus we
NRAS 510, 639–657 (2022) 
ill adopt the flux of the outflowing gas as the sum of those of these
wo components. 

The mass of H 

+ in the outflow is estimated using the same equation
resented in Storchi-Bergmann et al. ( 2009 ), but instead of the flux
f the Br γ ( F Br γ ) we use the theoretical ratio between Pa β and

r γ fluxes for the case B recombination as F Pa β

F Brγ
= 5 . 88, assuming

n electron temperature of 10 000 K and the low-density regime
Osterbrock & Ferland 2006 ) to obtain it in terms of the Pa β flux,
esulting in the following equation: 
(

M H II 

M �

)
= 5 . 1 × 10 18 

(
F Pa β

erg cm 

−2 s −1 

) (
D 

Mpc 

)2 ( n e 

cm 

−3 

)−1 
, 

(3) 

here F Pa β is the broad component Pa β flux. We sum the fluxes over
he spaxels within a radius of 100 pc that corresponds to ∼1 arcsec
r less, in these galaxies (see the scale in the continuum maps of
igs 1 –6 ) and encloses the outflow structure in theses galaxies. We
hoose this same physical radius (100 pc) for the outflow to allow
he comparison between the galaxies. The electron density is given
y n e and D is the redshift distance of the galaxy. 
Davies et al. ( 2020 ) studied different methods to estimate the

as electron density in active galaxies in optical wavelengths. The
ost traditional is the method based on the [S II ] λλ6716, 6731

mission lines that provides typical densities for the narrow line
egion (NLR) of ∼500 cm 

−3 (e.g. Dors et al. 2015 ; Freitas et al. 2018 ;
akkad et al. 2018 ). The method based on auroral [O II ] λλ7320,
331 and transauroral [S II ] λλ4069, 4076 lines provides densities
2000 cm 

−3 , but its use is limited by the usual weakness of these
mission lines that are hard to detect. The third method presented
y the authors is based on the estimate of the ionization parameter
Baron & Netzer 2019 ) and systematically provides higher densities
ompared to those based on the [S II ] doublet, reaching up to
2 000 cm 

−3 . High densities (10 4 cm 

−3 ) are also observed using
he H -band [Fe II ] (Storchi-Bergmann et al. 2009 ; Riffel 2021 ) and
ptical [Ar IV ] (Riffel et al. 2021a ) lines. Our J - and K -band spectra
o not include emission lines that can be used to determine the
ensity of the outflows and to estimate the mass of the outflowing
as we have to assume a density value. We follow the same procedure
dopted by Kakkad et al. ( 2020 ) where two densities are used: one
ow (500 cm 

−3 ) and one high (10 000 cm 

−3 ). 
The outflow masses calculated inside the 100 pc radius are

resented in Table 2 where M 

ld 
H II and M 

hd 
H II are the ionized hydrogen

asses assuming 500 and 10 000 cm 

−3 densities, respectively. The
asses estimates for the low-density regime are 20 times higher than

he masses estimated assuming the higher density (which is the ratio
etween the gas densities). 

For NGC 5899, both components seen in the ionized gas emission
ines are consistent with a bipolar outflow and the outflow dominates
he emission within 100 pc. For the other galaxies, we can compare
he masses of the gas in the outflow with the total mass of ionized
as within 100 pc, by computing the mass of gas in the disc using
he fluxes of the narrow components. We find that the outflows
orrespond to fractions of 84 per cent, 46 per cent, and 42 per cent
or NGC 3227, NGC 5506, and Mrk 607, respectively. 

.3.2 Ionized gas mass outflow rates 

he geometry of the outflow impacts the way we estimate its rate
nd kinetic power (Lutz et al. 2020 ). Assuming the gas in the outflow
s uniformly distributed inside a biconical or spherical geometry the

ass outflow rate is given by (e.g. Harrison et al. 2014 ; Fiore et al.
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Table 2. Outflow properties: (1) Galaxy name; masses of ionized gas calculated for (2) low density (500 cm 

−3 ) and (3) high density 
(10 000 cm 

−3 ) in units of 10 4 M �; we assume spherical [columns (4)–(6)] and biconical geometries [columns (7)–(9)] with the outflow 

velocity is in units of km s −1 , and the mass outflow rates in M � yr −1 ; (10) velocity dispersion of the outflow in units of km s −1 ; (11) kinetic 
power, in units of 10 40 erg s −1 , calculated for the mass outflow rate in column (8), except in Mrk 607 where the outflow is spherical and we 
use the value in column (5); (12) kinetic efficiency of the outflows in percentage. 

Sphere Bicone 

Galaxy M 

ld 
H II M 

hd 
H II v out Ṁ 

ld 
out Ṁ 

hd 
out v out Ṁ 

ld 
out Ṁ 

hd 
out σ out Ė kin 

Ė kin 
L bol 

(1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) 

NGC 5506 70.90 3.54 100 2.17 0.11 576 12.49 0.62 350 275 0.71 
NGC 3227 3.72 0.19 150 0.17 0.008 155 0.18 0.008 250 1.18 0.02 
NGC 5899 4.01 0.20 100 0.12 0.006 110 0.13 0.007 300 1.20 0.03 
Mrk 607 3.55 0.18 100 0.108 0.005 – – – 100 0.13 0.005 
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017 ; Kakkad et al. 2020 ) 

˙
 out = 3 

M out v out 

R out 
, (4) 

here M out is the mass of the gas that is outflowing, v out is outflow
elocity, and R out its radius. We consider M out = M H II shown in
able 2 and calculated within R out = 100 pc. If we assume a biconical
eometry, the outflow velocity ( v out ) is given by v obs 

sin θ with v obs ,
he observed velocity, inferred from the velocity fields and θ the 
nclination of the bicone with respect to the plane of the sky (see
iscussion below). On the other hand, if we assume the outflow is
pherical, we simply have v out = v obs . The observed velocity, fourth
olumn of Table 2 , is inferred from the P a β v elocity fields of the
omponents that represent the outflow (see the discussion abo v e). 

Fischer et al. ( 2013 ) used long slit HST -Space Telescope Imaging
pectrograph (STIS) data to observe and model the [O III ] λ5007
s a biconical outflow in nearby galaxies, including NGC 3227 and 
GC 5006. In NGC 3227 the outflow is almost perpendicular to the
lane of the sky, ( θ = 75 ◦) in agreement with our broad component
elocity fields (see Fig. 4 ), even though we do not observe the back
art of the outflow as predicted by their model. For NGC 5506
he biconical structure is not so clear in our data (see Fig. 3 ), but
he redshifts to the south-east of the nucleus contrasting with the 
lueshifts seen in the rest of the FoV in the [Fe II ] velocity field
upport its presence. In this case, the ionization axis has a small
nclination, θ = 10 ◦ (Fischer et al. 2013 ). For Mrk 607, from the blue
nd red components flux distributions and velocity fields (Fig. 6 ), we
nfer the outflow has a spherical symmetry. 

The outflow in NGC 5899 is not modelled by Fischer et al. ( 2013 )
nd in Ruschel-Dutra et al. ( 2021 ) an expanding spherical shape
s assumed to reproduce the outflow and thus an inclination is not
stimated. But the biconical structure is clear in the velocity fields
f Pa β and [Fe II ] of NGC 5899. The zero velocity regions (see the
entral maps for both components of [Fe II ] and Pa β in Fig. 5 ) trace a
all of the bicone parallel to the plane of the sky with the blueshifts

nd redshifts tracing the front and back walls, respectively. With this
eometry in mind, we assume the inclination of the bicone is equal
o the apparent opening angle, measured directly from the velocity 
elds, resulting in θ = 65 ◦. 
In Table 2 , we present the velocities and mass outflow rates for

pherical (columns 4–6) and biconical (columns 7–9) geometries. 
he two different mass outflow rates for each geometry are obtained 
onsidering the low-density (superscript ld) and high-density (su- 
erscript hd) regimes (columns 2 and 3). In the case of Mrk 607,
he outflow is spherical, and we thus do not estimate its value for
he biconical geometry. Comparing the mass outflow rates for the 
wo geometries we see that due to the high inclination assumed for
GC 3227 both rates result similar and we can thus infer the outflow
s well represented by a spherical one. NGC 5899 also does not
ave a big discrepancy between the two mass outflow rates. The
iggest difference is seen for NGC 5506, where the bicone axis
s almost perpendicular to the plane of the sky leading to a high
orrected velocity that leads to Ṁ 

ld 
out = 12 . 5 M � yr −1 when we take

nto account this geometry. 

.3.3 Kinetic power 

e can use the mass outflow rates derived in the previous section to
stimate the power of the outflows by 

˙
 kin ≈ Ṁ out 

2 

(
v 2 out + 3 σ 2 

out 

)
. (5) 

he term associated with σ 2 
out is related with the disordered motions 

f the gas, which are significative in a gas in outflow. We adopt
he lowest density and highest velocity regimes to assume Ṁ out as 
he value given in column (8) of Table 2 and v out = v obs /sin θ . The
elocity dispersion of the outflow, σ out , is estimated from the Pa β
road component in NGC 5506 and NGC 3227, for the galaxies
GC 5899 and Mrk 607 we assume σ out is the highest value from

ny of the components that represent the outflow. These values, as
ell as the Ė kin , are presented in Table 2 . 

.3.4 Molecular gas outflows 

n this section, we determine the mass, mass outflow rate, and power
f the molecular outflows observed in the galaxies. In NGC 5899
nd Mrk 607 the outflowing gas is assumed to be described by the
road component of the emission line. The mass of the gas in the
utflow can be determined by equation (1), where F H 2 2 . 1218 is the
ux of the broad component of the H 2 emission line. We determine
5 and 26 M � as the masses of the H 2 in the outflow for NGC 5899
nd Mrk 607, respectively. 

A rough estimate of the mass outflow rate of the molecular gas
an be obtained by Ṁ 

H 2 
out = Ṁ out 

M H 2 
M out 

, where M out and Ṁ out are the
ass and outflow rate of the ionized gas outflow determined in
ection 4.3.2. Thus, we determine the outflow rates of molecular 
as being 1 × 10 −4 and 7.8 × 10 −5 M � yr −1 . For NGC 5899,
here the ionized gas seems to be distributed in a bicone, we find
o difference in the mass outflow rate when taking into account this
articular geometry. 
In the velocity residual maps (see Fig. 7 and Section 4.1) we

bserve residuals compatible with outflows in NGC 5506 and 
GC 3227. Unlike the previous case, an isolated component is 
ot describing this gas in the outflow, thus a different approach is
MNRAS 510, 639–657 (2022) 
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ecessary. We follow the procedure described in Diniz et al. ( 2015 )
here a compact molecular outflow was observed in the residual
elocity map for NGC 2110. In NGC 5506, signatures of an outflow
eak outflow are observed and possibly associated with the outer

ayers of the more powerful ionized gas outflow (see the third panel
n the third column of Fig. 7 ), while in NGC 3227 the structure is

ore compact, but the similar velocity intensities in each side make
he assumption of a biconical geometry plausible. Using equation (4)
nd assuming the biconical geometry, the molecular mass outflow
ate is given by 

˙
 

H 2 
out = 2 m p N H 2 nv out πr 2 b , (6) 

here m p is the proton mass, v out is the outflow velocity, r b is
he cross-section radius of the bicone, 1 arcsec for NGC 5506 and
.5 arcsec for NGC 3227, and N H 2 is the molecular hydrogen density
stimated following the equation and assumptions in Section 4.2.
e calculate the density for a gas located in a disc with a radius

 d = 1 arcsec and a height h = 30 pc, resulting in 7 × 10 −3 and
.6 × 10 −2 cm 

−3 for NGC 5506 and NGC 3227, respectively. 
We use n = 2 to account for both sides of the bicone. The observed

elocity of the outflow is corrected by the inclination of the bicone
ith respect to the plane of the sky: θ = 10 ◦ for NGC 5506 and
= 75 ◦ for NGC 3227 (Fischer et al. 2013 ). Thus, we calculate for
GC 5506: v out = 143 km s −1 and Ṁ 

H 2 
out = 5 . 5 × 10 −3 M � yr −1 ; and

or NGC 3227: v out = 77 km s −1 and Ṁ 

H 2 
out = 6 . 4 × 10 −4 M � yr −1 .

he kinetic power of the hot molecular outflows ranges from 10 35 to
0 38 erg s −1 , being four orders of magnitude smaller than the powers
stimated for the outflows of ionized gas. 

 T H E  I M PAC T  O F  INFLOW S  A N D  O U T F L OW S  

N  T H E  G A L A X I E S  

n order understand the impact of the observed inflows and outflows
n the host galaxies, it is necessary to estimate the bolometric
uminosity, L bol , of these objects. For the galaxies in our sample
e can use the known Swift -BAT luminosity ( L X ) to estimate L bol 

sing log L bol = 0.0378(log L X ) 2 − 2.03log L X + 61.6 (Ichikawa
t al. 2017 ). 

First, we can check if the inflows observed and quantified in
GC 788, NGC 3516, and NGC 5899 can feed the AGN in each
f these galaxies. In order to do so, we estimate the mass accretion
ate by 

˙  = 

L bol 

c 2 η
, (7) 

here is c the light speed and η is the rest-frame mass conversion
fficiency factor adopted as η = 0.1 (Frank, King & Raine 2002 ). We
nd 0 . 007 ≤ ṁ ( M �yr −1 ) ≤ 0 . 12 that is higher than the mass inflow
ate of hot molecular gas for any of these galaxies. This indicates that
he inflows in hot molecular gas alone we observe are not enough to
ower the AGN and maintain their activity at the current luminosity.
o we ver, the hot molecular gas corresponds only to a small fraction
f the total amount of gas in the inner region of galaxies, with masses
f cold gas being 10 5 –10 7 times larger than that in the hot molecular
hase (e.g. Dale et al. 2005 ; M ̈uller S ́anchez et al. 2006 ; Mazzalay
t al. 2013 ). 

The comparison between the kinetic power of the outflows and the
olometric luminosity, usually referred as the kinetic efficiency, is
resented in the last column of Table 2 for the outflows of ionized gas.
opkins & Elvis ( 2010 ) found that for a hot gas outflow to be efficient

n blowing the cold gas supply of the galaxy hosting an AGN its power
eeds to be, at least, 0.5 per cent of the galaxy’s bolometric luminosity
NRAS 510, 639–657 (2022) 
 L bol ), which, in a direct comparison with our measurements, is only
eached by NGC 5506. Ho we ver, Harrison et al. ( 2018 ) point out that
he observed kinetic efficiencies, obtained from the gas kinematics,
hould not be directly compared to theoretical simulations. The
bserved kinetic efficiencies account only for the mechanical effect
f the outflow seen in an specific gas phase and not the initial AGN
nergy input to the galaxy as usually presented in the models. 

We can also compare the mass accretion rate with mass outflow
ate in NGC 5506, NGC 3227, NGC 5899, and Mrk 607. Specially
GC 5506, the galaxy with the highest mass outflow rates (0.11–
2.49 M � yr −1 considering the different densities and geometries),
as ṁ = 0 . 067 M � yr −1 that indicates more gas is disturbed and
owing out of the central region than it is directed to the feeding of the
MBH. This result agrees with the kinetic efficiency of 0 . 7 per cent
e calculated previously. The only galaxy where we simultaneously
bserve inflows and outflows is NGC 5899, which shows an outflow
ate in ionized gas about one order of magnitude larger than the
nflow rate in hot molecular gas. 

The molecular outflows we observe in the galaxies have a very
ow kinetic efficiency (1.4 × 10 −6 –3.2 × 10 −5 per cent), but, as
tated before, the hot molecular gas represents a small fraction of
he total mass of molecular gas and the kinetic efficiency does not
ccount for all the impact an outflow can have on the host. Also,
any assumptions are made in order to estimate the rates and powers

nd we understand they are highly uncertain. Nevertheless, we do
bserve disturbed molecular gas in four of our galaxies, indicating it
ot al w ays displays ‘well-behaved’ motions in the stellar disc. 
Thus, we find that the inflow rates in hot molecular gas in our

ample are not enough to power their AGN activity at the current
ccretion rates (cold molecular gas may dominate the SMBH feeding
rocesses) and the ionized outflows may only be able to redistribute
he gas in the central kpc, which will be still available for future star
ormation. 

 C O N C L U S I O N S  

e studied six nearby AGN hosts, from the AGNIFS selection of
earby active galaxies, namely NGC 788, NGC 3516, NGC 5506,
GC 3227, NGC 5899, and Mrk 607 using the Gemini NIFS integral
eld spectra in the J and K bands. For these galaxies we obtained

he resolved ionized ([Fe II ] 1 . 2570 μm and Pa β) and molecular
H 2 2 . 1218 μm) gas distributions and kinematics in their inner
iloparsec, and investigated the AGN feeding and feedback processes
sing spatially resolved observations of inflows and outflows. Bellow,
e summarize the main conclusions drawn from this work. 

(i) A multi-Gaussian fitting approach was adopted to describe the
mission line profiles. The narrow Gaussian component traces the
as located in a disc that is dominated by a rotation pattern, except
he ionized gas in NGC 5899 that shows all of its emission coming
rom the outflowing gas. The broad components – and in one case the
ouble red and blueshifted components – trace non-circular motions.
(ii) A clear molecular outflow, traced by a broad component, is

bserved only for NGC 5899. It is probably originated from the
nteraction between the ionized outflow and the molecular gas in the
isc. 
(iii) Ionized gas outflows – traced by the broad or double com-

onents – are observed in four galaxies: NGC 5506, NGC 3227,
GC 5899, and Mrk 607. Molecular gas outflows are detected in
GC 5899, interpreted as due to the interaction between the ionized
utflow and the gas in the disc, and in Mrk 607, interpreted as due to
n equatorial outflow. 
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(iv) The molecular gas velocity field is usually well described by a 
otating disc model, but the velocity residuals indicate the presence of
as inflows in three galaxies, NGC 788, NGC 3516, and NGC 5899,
nd gas outflows in two, NGC 5506 and NGC 3227. Signatures of
n equatorial outflow are observed in Mrk 607. 

(v) The mass outflow rates of ionized gas in the four galaxies are
n the range of 10 −3 –10 2 M � yr −1 . For the molecular gas outflows
e measure mass outflows rates in the range 10 −5 –10 −3 M � yr −1 . 
(vi) The hot molecular inflows cannot power and maintain the 

GN at their current luminosity, as the mass inflow rates are three
rders of magnitude lower than the mass accretion rates. This can be
nderstood as due to the fact that the hot molecular gas traces only
he ‘hot skin’ of a much larger molecular gas reservoir. 

C K N OW L E D G E M E N T S  

e thank an anonymous referee for the suggestions that helped 
s to impro v e this paper. MB thanks the financial support from
oordena c ¸ ˜ ao de Aperfei c ¸oamento de Pessoal de N ́ıvel Superior 
Brasil (CAPES) – Finance Code 001. RAR acknowledges the 

upport from Conselho Nacional de Desenvolvimento Cient ́ıfico 
 Tecnol ́ogico and Funda c ¸ ˜ ao de Amparo à Pesquisa do Estado
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05-month catalogue (Oh et al. 2018 ) unless stated otherwise. The 
ames of the galaxies follow the same pattern of our previous works
Riffel et al. 2017 , 2018 , 2021b ; Sch ̈onell et al. 2019 ), but we indicate
he alternative names in each subsection. 

1 NGC 788 

his is a lenticular galaxy (SA0/a?(s)), with faint spiral arms seen 
n the HST F606W filter image (Martini et al. 2003a ), at a distance
f 57 Mpc and hosting a type 2 Seyfert (Sy2) nucleus. In Fig. 1 ,
e present the flux, velocity, and velocity dispersion for [Fe II ], Pa β,

nd H 2 . The ionized gas distribution and kinematics in our maps
gree with the ones shown in Sch ̈onell et al. ( 2019 ). But due to the
ky line superimposed on the spectrum (see Section 3.1) we observe 
ifferences in the H 2 2 . 1218 μm velocity field – ours show a larger
elocity amplitude ( ∼150 km s −1 ) than theirs. The emission line
ux distributions for the ionized and molecular gas are distinct. The 
Fe II ] is most extended along the east–west direction with clumpy
mission at the nucleus and at 0.8 arcsec east and west of it. The
a β flux distribution is more extended along the south-west–north- 
ast direction, which is the approximate orientation of the galaxy 
inor axis (Riffel et al. 2017 ). The H 2 emission is distributed along

he whole FoV with the highest fluxes observed along the north–
outh direction and extending to 0.5 arcsec from each side of the
ucleus, almost perpendicular to the orientation of the [Fe II ] flux
istribution. This feature is compatible with the dusty molecular 
orus detected in CO(3–2) line emission, perpendicular to the ionized 
as winds in Seyfert galaxies as observed in the Galaxy Activity, 
orus and Outflows Surv e y (GATOS; Garcia-Burillo et al. 2021 ).
he velocity fields show evidence for a rotation pattern but heavily 
istorted. The velocity amplitude reaches 150 km s −1 , which is
wice the value observed for the stellar velocity field (Riffel et al.
017 ). The lowest velocity dispersion values are observed for the 
 2 , where the smaller values are in the same regions as the low σ � 

atches from Riffel et al. ( 2017 ), and reaching values not higher than
0 km s −1 . The highest values ( ≈130 km s −1 ) are seen for the [Fe II ],
hile the Pa β has intermediate values of ≈100 km s −1 . The higher
elocity dispersion cospatial with the highest fluxes for the [Fe II ] and
istorted rotation pattern in the velocity field are indicatives of the 
resence of bipolar outflows. We further discuss these non-circular 
otions in Section 4.1. 

2 NGC 3516 

GC 3516 is a lenticular galaxy at a distance of 37 Mpc, classified
s (R)SB0 0 ?(s), hosting a Sy1.2 nucleus, but recently the detection 
f an ultraviolet flare characterizes this galaxy as a changing-look 
GN (Ili ́c et al. 2020 ). Fig. 2 shows its flux distributions, velocity,
nd velocity dispersion maps. The peak of the emission in ionized 
nd molecular gas is located at the nucleus and the emission line
ux distributions are similar to those obtained in Sch ̈onell et al.
 2019 ). The [Fe II ] emission is more extended than that of Pa β and
s observed almost over the whole FoV. A 20 cm continuum radio
mission is observed to the north of the nucleus (Miyaji, Wilson &
erez-Fournon 1992 ), but unlike Barbosa et al. ( 2009 ) that observe a
orrelation between the [S III ] 9069 Å emission and the radio, we do
ot see this feature in our ionized gas flux maps. The H 2 emission is
 xtended o v er the whole F oV and is more e xtended to the south-west
f the nucleus that is consistent with the location of the dust lanes
resent there as reported by Martini et al. ( 2003a ). The velocity fields
f ionized and molecular gas show rotation patterns. The highest 
elocity gradients are aligned in the north-east–south-west direction 
hat is consistent with the orientation of the stellar (Barbosa et al.
006 ; Riffel et al. 2017 ) and [S III ] (Barbosa et al. 2009 ) velocity
elds. The direction of blueshifts and redshifts is also consistent 
ith those observed in [O III ] λ5007 long-slit observations (Fischer

t al. 2013 ). These similarities indicate that the gas may be located
n the same plane as the stars. Pa β and H 2 show the lowest velocity
ispersion ( σ < 150 km s −1 ) with the smaller values observed for
he former. 

The [Fe II ] presents higher velocity dispersion to the east of
he nucleus consistent with the location of higher [S III ] velocity
ispersion (800 km s −1 ) where Barbosa et al. ( 2009 ) detected an
xcess of blueshifts associated with an ionized gas outflow. This 
cenario may also apply to the [Fe II ] as the velocity field deviates
rom the usual rotation pattern and the velocity dispersion is higher,
eaching ∼200 km s −1 . The presence of a bipolar outflow was
roposed by Goad & Gallagher ( 1987 ) and more recently by Fischer
t al. ( 2013 ) who reported high [O III ] velocity dispersion values
600 km s −1 ) to the north-east of the nucleus, at distances smaller
han 1 arcsec. Another hypothesis to explain the complex kinematics 
f NGC 3516 is the presence of a twin-jet (Veilleux, Tully & Bland-
awthorn 1993 ) interacting with the ambient gas. 

3 NGC 5506 

GC 5506, also known as Mrk 1357, is a spiral galaxy classified as
a pec edge-on, at a distance of 26 Mpc and in a pair with NGC 5507
Tully 2015 ). Its nucleus is classified as Sy1.9. In the top three rows
f Fig. 3 , we present the flux, velocity, and velocity dispersion of the
arrow component of [Fe II ], Pa β, and H 2 emission lines. The narrow
omponent for the H 2 and [Fe II ] emission lines shows the highest flux
evels to the west and north-west of the nucleus that is consistent with
he [O III ] λ5007 emission from HST long-slit observations (Fischer
t al. 2013 ). On the other hand, the narrow component of the Pa β
mission peaks ∼0.2 arcsec to the east of the nucleus. The molecular
as has a similar distribution to the one presented in Sch ̈onell et al.
 2019 ). The same does not apply to the ionized gas: their maps are
ore similar to our broad component maps, as a consequence of their

se of Gauss–Hermite functions being more sensitive to the wings 
n the emission line profiles and do not disentangle the multiple
inematic components of the line profiles. The velocity fields for the
arro w components sho w mostly a rotation pattern, with a similar
rientation to that observed for the stars (Riffel et al. 2017 ). Distortion
rom rotation pattern is observed mostly in the [Fe II ] velocity field
although some distortion is also seen for Pa β and H 2 ) that presents
n excess of blueshifts ( ∼−50 km s −1 ) to the north. Enhanced σ
alues ( > 150 km s −1 ) are seen in the same region, indicating that
his structure is likely tracing the emission of outflowing gas (see
ection 4.1). The outflow hypothesis is also supported by the fact

hat the stellar kinematics could not be mapped in the central arcsec
ecause the CO absorption bands are diluted by the AGN radiation
Riffel et al. 2009 , 2017 ) and that a biconical ionized gas outflow
erpendicular to the galaxy disc is detected by Maiolino et al. ( 1994 ).
The flux, velocity, and velocity dispersion maps of the broad 

omponent of [Fe II ] and Pa β are presented in the two bottom rows
f Fig. 3 . The fluxes for the broad components are up to one order
f magnitude larger than those of the narrow components, indicating 
hat most of the gas in NGC 5506 is disturbed – as the broader profiles
re interpreted as due to such disturbances. As mentioned abo v e,
ur broad component maps agree with those previously presented 
y Sch ̈onell et al. ( 2019 ). The velocity dispersion is larger than
00 km s −1 o v er the whole FoV, indicating the gas is more disturbed
ost probably due to the presence of gas outflows. The velocity
MNRAS 510, 639–657 (2022) 
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aps of the broad component are also indicative of the presence
f outflows. The P a β v elocity field shows redshifts o v er most of
he FoV, except for a small blueshifted region to the north. For the
Fe II ], velocities between zero and small negative values are seen at
ost locations, while some redshifts are observed to the south and

outh-east of the nucleus and some higher blueshifts are seen to the
orth. This pattern of velocity is consistent with the biconical outflow
roposed by Fischer et al. ( 2013 ) to the north and south (PA = 22 ◦)
ased on the [O III ] emission line. These authors suggest an opening
ngle of 40 ◦, but our velocity maps indicate this angle is larger
ossibly because the [O III ] emission traces the higher ionization that
s more collimated. 

In summary, for NGC 5506 we find that the narrow components
race a rotating disc, but excess of blueshifts to the north associated
ith higher velocity dispersion indicates the presence of an ionized
utflow. The broad components trace only the ionized outflow. 

4 NGC 3227 

GC 3227 is a spiral galaxy (SAB(s)a) interacting with the elliptical
alaxy NGC 3226 and forming the system Arp 094 (Arp 1966 ).
esides its companion, this galaxy resides in a group with 13 (Garcia
993 ) or 14 (Crook et al. 2007 ) galaxies, at a distance of 16 Mpc
nd hosts a Sy1.5 nucleus. The narrow component flux, velocity,
nd velocity dispersion maps are presented in the top three rows of
ig. 4 indicated by the green line on the right. The flux distributions
f the [Fe II ] and H 2 are similar: both present the emission peak at
0.3 arcsec south-east of the nucleus and an elongated structure

pproximately along the direction of the line of nodes of the stellar
elocity field (see Fig. 7 and Riffel et al. 2017 ). The morphology of
he H 2 emission structure within the inner 1 arcsec 2 is in agreement
ith the SINFONI observations previously presented by Davies et al.

 2006 ) at these scales. The Pa β emission is more concentrated at the
entre as already shown for the Br γ emission (Davies et al. 2006 ) and
he total Pa β emission (Sch ̈onell et al. 2019 ), and shows a ring-like
tructure at 1 arcsec from the nucleus. This circumnuclear ring has
lready been detected in cold molecular gas CO(2–1) (Schinnerer,
ckart & Tacconi 2000 ; Davies, Mark & Sternberg 2012 ), with
 radius of 1.5 arcsec, and in the F160W HST image after the
ubtraction of a model for the bulge and disc emission (Davies et al.
006 ) in which the authors detect the ring at a radius of 1.7 arcsec.
igher resolution CO(2–1) (beam size of 0.214 × 0.161 arcsec 2 )
LMA observations unravelled the structure of the ring: several

tar-forming clumps associated with star formation events (Alonso-
errero et al. 2019 ). The presence of a ring of star-forming regions is

lso supported by the low H 2 /Br γ ratios (Sch ̈onell et al. 2019 ; Riffel
t al. 2021c ), higher Br γ equi v alent width (Rif fel et al. 2021c ), lo w
as ( ∼50 km s −1 – Fig. 4 ), and stellar velocity dispersion (Barbosa
t al. 2006 ; Riffel et al. 2017 ) values. 

The ionized and molecular gas velocity fields show amplitudes of
50 km s −1 and signatures of a rotation pattern that, as for the other
alaxies, is distorted indicating the presence of non-circular motions.
he velocity gradient is oriented along the stellar line of the nodes

see Fig. 7 ). Our H 2 velocity field agrees with that of the higher
esolution (0.085 arcsec) and smaller FoV (0.8 × 0.8 arcsec 2 ) K -
and SINFONI data obtained by Davies et al. ( 2006 ), who proposed
hat velocity asymmetries along the galaxy minor axis can be caused
y gas outflows. Recently, Alonso-Herrero et al. ( 2019 ), analysing
he CO(2–1) kinematics, showed that streaming motions due to
nflows associated with the large-scale bar and circumnuclear star-
orming ring are the cause of the distortion in the molecular gas
elocity field. These authors also interpret the CO(2–1) kinematics
NRAS 510, 639–657 (2022) 
s being consistent with the presence of outflows at scales of
70 pc along the direction of the minor axis of the nuclear disc

PA = 50 ◦). The Pa β and the [Fe II ] profiles have higher velocity
ispersion values ( > 100 km s −1 ) distributed in a 0.5 arcsec wide arc-
haped structure inside the star-forming ring. This enhanced velocity
ispersion structure suggests that a spherical-shaped gas outflow
ight be present in NGC 3227. The H 2 velocity dispersion is higher

 ∼120 km s −1 ) in a region perpendicular to the highest flux values
nd cospatial with the distortion observed in the velocity field. Davies
t al. ( 2006 ) interpret this feature as due to the fact that the H 2 is
ocated in a thick disc instead of in a thin stellar disc. This scenario is
lso supported by the ALMA data from Alonso-Herrero et al. ( 2019 )
hat interpret the nuclear emission of NGC 3227 as due to molecular
as in a disc that is extended along tens of parsecs instead of in a
ompact torus. 

On the two bottom rows of Fig. 4 , we present the flux distribution,
 elocity, and v elocity dispersion for the [Fe II ] and Pa β broad
omponents. The highest fluxes are somewhat extended to the north–
orth-east. Also, as the broad component is o v erall brighter than the
arrow component, the maps based on the fitting of the line profiles
y a single Gauss–Hermite series shown in Sch ̈onell et al. ( 2019 ) are
ery similar to ours. One of the peaks of the radio emission in 18 cm
etected by Mundell et al. ( 1995 ) is offset 0.4 arcsec to the north of the
ucleus, which is cospatial with the elongated structure in the [Fe II ]
ux distribution. Also, the highest [Fe II ] velocity dispersion values
250 km s −1 ) are seen at this same location indicating that the gas is
ossibly being disturbed by the radio source. The velocity fields show
nly blueshifts, although the amplitudes are different: 150 km s −1 

or Pa β and 250 km s −1 for [Fe II ]. The velocity dispersion of both
mission lines is higher than 200 km s −1 with the highest values
bserved to the north of the nucleus for [Fe II ]. Barbosa et al. ( 2009 )
ssociate a compact radio emission at 3.6 cm, also extended to the
orth, to the [S III ] 9069 Å outflows. The [S III ] outflows are observed
s blueshifts at PA = −10 ◦, which is similar to the orientation of our
elocity fields, especially that for [Fe II ]. 

In summary, the narrow component in NGC 3327 is mostly
ominated by rotation, but signatures of non-circular motions are
lso present. The circumnuclear ring seen in the Pa β emission is
ospatial with previous 12 CO observations and seems to surround a
pherical-bubble outflow. The broad component is tracing solely the
onized gas outflow. 

5 NGC 5899 

GC 5899 at a distance of 36 Mpc makes a pair with NGC 5900
Zaritsky et al. 1997 ). It is a spiral galaxy (SAB(rs)c) that hosts a
y2 nucleus. In the top three rows of Fig. 5 , we present the maps for

he narrow component, as indicated by the green line on the right.
he H 2 flux distribution is elongated in the direction of the galaxy
ajor axis (PA = 25 ◦) and consistent with the flux map presented in
ch ̈onell et al. ( 2019 ). The flux distribution of the Pa β and [Fe II ] is
longated along the north–south direction with two emission knots
bserved at 0.3 arcsec north and south of the nucleus. This orientation
s consistent with the photometric major axis (Ruschel-Dutra et al.
021 ). The H 2 velocity field shows a rotation pattern but its gradient
eems to be slightly displaced from the orientation of the stellar
ine of the nodes (see Fig. 7 ). The H 2 velocity dispersion shows
 v erall lo w v alues ( < 100 km s −1 ) with the lo west v alues are seen
o the north and the south of the nucleus and the highest in the
erpendicular direction. Excess blueshifts, observed to the north-
est of the nucleus, combined with the low velocity dispersion

 ∼60 km s −1 ) of the region, may indicate the presence of streaming
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otions towards the centre of the galaxy (see Section 4.1). Besides
he distinct flux distributions, the velocity fields of Pa β and [Fe II ]
lso differ from that of H 2 : blueshifts are observed mostly to the
outh and redshifts to the north, being opposite to the orientation of
he molecular gas velocity field. In addition, the velocity dispersion 
t the locations of the highest flux structures is larger than that of
 2 . These differences indicate that the narrow components for the 

onized gas are not originated from the gas in the disc, what seems
o be the case for the molecular gas. Some emission of gas located
n the galactic plane is seen to the north-east, as indicated by the
ower velocity dispersion values and similar velocity amplitudes for 
he ionized and molecular gas. 

The flux distributions, velocity, and velocity dispersion for the 
road component are presented in the two bottom rows of Fig. 5 . The
ux maps of the H 2 , Pa β, and [Fe II ] are similar: distributed along the
orth–south direction with the peak of the emission at ≈0.3 arcsec 
outh of the nucleus. The emission is also more compact than for the
arrow component. The H 2 velocity field shows only blueshifts at 
−50 km s −1 and velocity dispersion of ∼250 km s −1 , which is lower

han that of the broad components of the ionized gas emission lines.
he Pa β and [Fe II ] velocity fields for the broad component show
ostly blueshifts, but some very low velocity redshifts ( ∼30 km s −1 )

re seen to the north of the nucleus in the [Fe II ] velocity field. Their
elocity dispersion maps present overall high values ( > 250 km s −1 )
ith the highest ones observed to the north of the nucleus. This

uggests that, as for the narrow component, the broad component in 
he ionized gas emission lines is not produced by gas in the galaxy
isc, and both narrow and broad components trace an outflow that 
eems to have a bipolar geometry with its axis oriented along the
orth–south direction. The blueshifts probably trace the front wall of 
 cone-like outflow, the zero velocity spaxels the part that is aligned
ith the plane of the sky, and redshifts the back of the cone. These

eatures lead us to suggest that the H 2 broad emission is produced by
he interaction between the ionized outflow and the molecular gas in 
he disc. 

In summary, for NGC 5899 the ionized gas kinematics seems to 
e dominated by a bipolar outflow, oriented approximately along 
he north–south direction. This outflow interacts with gas in the 
isc, pushing away molecular gas, which produces the broad H 2 

omponent. Most of the molecular gas seems to be located in the
isc of the galaxy. 

6 Mrk 607 

rk 607, also known as NGC 1320 and MCG-01-09-036, is an 
dge-on spiral galaxy with inclination i = 70 ◦ (Riffel et al. 2017 ),
lassified as Sa?, hosts a Sy2 nucleus, and at a distance of ≈37 Mpc.
t is a member of a small group of galaxies, together with NGC 1321
nd NGC 1289 (Crook et al. 2007 ). In the top subfigure of Fig. 6 ,
e present the flux distribution, velocity, and velocity dispersion 

or what we call the disc component The flux distributions for the
olecular and ionized gas are elongated along the north-west–south- 

ast direction, approximately the direction of the galaxy major axis, 
A = 138 ◦ (Riffel et al. 2017 ). The highest flux values are observed
t and near the nucleus for the ionized gas, but for the H 2 the
ux distribution is more homogeneous o v er the whole FoV. Similar
xtensions and orientations are observed in the flux distributions of 
ptical emission lines, for instance [O III ] λ5007, H α, [N II ] λ6583,
nd [S II ] λ6731 (Freitas et al. 2018 ). Our flux distributions are also
imilar to the HST [O III ] flux distribution (Schmitt et al. 2003 ) where
he strongest emission is observed at the nucleus and extended to
p to 3.75 arcsec to the north-west, in the direction of the galaxy
ajor axis, which is consistent with the Pa β flux distribution. The

elocity fields present a well-defined rotation pattern, with a velocity 
mplitude of ∼200 km s −1 . Although the gradient of the stellar
elocity field (Riffel et al. 2017 ) is oriented in the same direction,
he gas is rotating in the opposite direction. This result was also
reviously reported by Freitas et al. ( 2018 ). The counter-rotation
etween gas and stars suggests that these components have different 
rigins. Since the stellar disc is more stable than the gas, and thus the
rbits of stars are harder to change, it is likely that the gas kinematics
as been affected by the interaction between Mrk 607 and its closest
ompanion, NGC 1321. 

In the two sets of panels in the bottom of Fig. 6 , we present
he maps for the blueshift component, to the left, and for the
edshift component, to the right. As the region fitted with three
aussian functions corresponds only to the central arcsecond or so 
e zoomed in the central 1 × 1 arcsec 2 region of the FoV shown

s the green square in the H 2 flux map of the disc component. A
imilar kinematic pattern (with one blueshifted and one redshifted 
omponent) around the nucleus has been observed in other Seyfert 
alaxies, e.g. NGC 5929 (Riffel et al. 2015 ), interpreted as being
roduced by an equatorial outflow, i.e. the torus itself expanding 
utwards. This interpretation is proposed because the highest velocity 
ispersion values – or the two components here – are observed 
erpendicular to the observed radio emission axis. Previous optical 
FS of Mrk 607 also shows an enhancement in the gas velocity
ispersion perpendicularly to the galaxy disc (Freitas et al. 2018 ),
hile the radio continuum emission is extended along the north–

outh direction, with some faint emission also to the north-west 
long the major axis (Colbert et al. 1996 ). The beam size of this
bservation is given by a Gaussian with FWHM of 3 arcsec, the size
f our FoV, thus a clear association between the jet orientation and
he outflow cannot be made. The peak of the flux distributions of
he blueshifted and redshifted components is slightly displaced from 

he nucleus: the blueshifted component emission peaks north-west 
f the nucleus, while the redshifted emission peaks south-east of the
ucleus. 
In summary, for Mrk 607, both the ionized and molecular gas

resent two kinematic components: (i) one due to emission of 
as rotating in the galaxy disc, in the opposite direction of the
tellar motions; and (ii) an equatorial outflow or compressed gas 
y wide-opening angle outflows in colder gas phases, identified by 
he blueshifted and redshifted emission line components. 

his paper has been typeset from a T E 

X/L 

A T E 

X file prepared by the author. 
MNRAS 510, 639–657 (2022) 

022


	1 INTRODUCTION
	2 THE SAMPLE AND DATA
	3 MEASUREMENTS AND TWO-DIMENSIONAL MAPS
	4 DISCUSSION
	5 THE IMPACT OF INFLOWS AND OUTFLOWS ON THE GALAXIES
	6 CONCLUSIONS
	ACKNOWLEDGEMENTS
	DATA AVAILABILITY
	REFERENCES
	SUPPORTING INFORMATION
	APPENDIX A: CHANNEL MAPS
	APPENDIX B: NOTES ON INDIVIDUAL GALAXIES

