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A B S T R A C T 

We use optical integral field spectroscopy (IFU) to study the gas emission structure and kinematics in the inner 3.4 × 4.9 kpc 2 

region of the galaxy UGC 8782 (3C 293), host of a radio loud active galactic nucleus (AGN). The observations were performed 

with the Gemini-North multi-object spectrograph (GMOS)-IFU on the Gemini North telescope, resulting in a spatial resolution 

of ∼725 pc at the distance of the galaxy. While the stars present ordered rotation following the orientation of the large-scale disc, 
the gas shows a disturbed kinematics. The emission-line profiles present two kinematic components: a narrow ( σ � 200 km s −1 ) 
component associated with the gas in the disc of the galaxy and a broad ( σ � 200 km s −1 ) component produced by gas outflows. 
Emission-line ratio diagrams indicate that the gas in the disc is excited by the AGN radiation field, while the emission of the 
outflow includes additional contribution of shock excitation due to the interaction of the radio jet with the environment gas. 
Deviations from pure rotation, of up to 30 km s −1 , are observed in the disc component and likely produced by a previous merger 
event. The broad component is blueshifted by ∼150–500 km s −1 relative to the systemic velocity of the galaxy in all locations. 
We construct radial profiles of the mass outflow rate and kinetic power of the ionized gas outflows, which have the maximum 

values at ∼1 kpc from the nucleus with peak values of Ṁ out,� R 

= 0 . 5 ± 0 . 1 M � yr −1 and K̇ out,� R 

= (6 . 8 ± 1 . 1) × 10 

41 erg s −1 . 
The kinetic coupling efficiency of these outflows are in the range of 1–3 per cent, indicating that they could be powerful enough 

to affect the star formation in the host galaxy as predicted by theoretical simulations. 

K ey words: galaxies: acti ve – galaxies: individual: UGC 8782 (3C 293) – galaxies: kinematics and dynamics. 
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 I N T RO D U C T I O N  

eedback from active galactic nuclei (AGNs) is claimed to play a
ajor role in shaping massive galaxies, by quenching star formation

nd transforming them from star-forming to quiescent galaxies (e.g.
i Matteo, Springel & Hernquist 2005 ; Fabian 2012 ; Kormendy &
o 2013 ; Harrison et al. 2018 ). A critical ingredient in the rapid
uenching of star formation in AGN hosts is multiphase gas
utflows, which can push gas out of the galaxy or redistribute it,
reventing it from collapsing to form stars. However, understanding
he acceleration mechanisms of such outflows remains an important
nknown piece of the galaxy evolution puzzle. This question can
e addressed by spatially resolved observations of tracers of the
ultiple gas phases of AGN-driven winds (e.g. Riffel et al. 2006 ;
eruglio et al. 2010 , 2015 ; Liu et al. 2013 ; May & Steiner 2017 ;
amos Almeida et al. 2017 ; Rupke et al. 2019 ; Shimizu et al. 2019 ;
outo et al. 2020 ; Riffel et al. 2020b , 2023 ; Comer ́on et al. 2021 ;
all’Agnol de Oliveira et al. 2021 ; Riffel 2021 ; Ruschel-Dutra et al.
021 ; Speranza et al. 2022 ). 
 E-mail: rogemar@ufsm.br 
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Using a sample composed of all galaxies in the entire spectroscopic
ata base of the Spitzer Space Telescope , Lambrides et al. ( 2019 )
ound that AGN hosts show a significant excess of H 2 emission
ompared with the expected emission from star formation in normal
hotodissociation regions. In a following up work, Riffel, Zakam-
ka & Riffel ( 2020a ) cross-correlated the sample of Lambrides et al.
 2019 ) with the SDSS-III data base. One important result of this work
s that the excess of H 2 emission appears to be strongly related to both
mission-line and kinematic shock diagnostics, such as [O I ] λ6300
ux and velocity dispersion – as shown in Fig. 1 . These results
uggest that the H 2 emission excess originates from wind-driven
hocks in neutral and molecular gas (Hill & Zakamska 2014 ). These
onclusions were based on single aperture spectra. Spatially resolved
bservations of the neutral and ionized gas emission can provide
ndirect information about the role of AGN winds in the production
f the H 2 emission excess in the mid-infrared. 
It is very difficult to accelerate dense clouds of molecular gas

p to velocities high enough to escape galaxies without them being
ragmented and the molecules dissociated by the intense radiation
eld of the AGN. Recent theoretical models suggest that molecules
ay be formed inside the wind, and their emission may be produced

y shock heating of the gas (Richings & Faucher-Gigu ̀ere 2018a , b ).
he CO emission is commonly used as a tracer of cold molecular
© 2023 The Author(s) 
lished by Oxford University Press on behalf of Royal Astronomical Society 
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Outflows from 3C 293 3261 

Figure 1. [O I ] velocity dispersion versus the H 2 S(3)/PAH λ11.3 μm inten- 
sity line ratio for the matched Spitzer-SDSS sample from Riffel et al. ( 2020a ). 
The points are colour coded according to the [O I ] λ6300/H α values as 
indicated by the colour bar. AGN hosts are shown as filled circles, while 
normal galaxies are represented by stars. Typical uncertainties are shown in 
the top-left corner and the open circle represents UGC 8782. 
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T ∼ 100 K) outflows in AGN hosts (e.g. Alonso-Herrero et al. 2019 ),
hile the hot molecular phase ( T > 1000 K) can be studied via the
 2 near-infrared emission lines (e.g. Davies et al. 2014 ; Fischer et al.
017 ; Riffel et al. 2021c ; Bianchin et al. 2022 ). Not much is known
bout the warm molecular phase (T ∼ 200–1000 K) traced by the 
 2 emission in the mid-infrared, which can be studied in a spatially

esolved way only now with the JWST. As such observations are 
ery time demanding, it is essential to choose carefully the objects 
o be studied. 

Here, we present optical integral field unit (IFU) observations 
f the central region of the galaxy UGC 8782, which are used to
ap the neutral and ionized gas emission structure and kinematics. 
his object was selected as a likely host of strong molecular 
utflow, by being among the galaxies with the highest values of
 2 S(3)/PAH λ11.3 μm, [O I ] λ6300/H α intensity line ratios, and

O I ] λ6300 velocity dispersion in the sample of Riffel et al. ( 2020a ).
t is identified by a circle in Fig. 1 and direct observations of the
arm molecular hydrogen emission will be obtained as part of an 

ppro v ed c ycle 1 JWST proposal (Proposal 1928, PI: Riffel, R. A.). 
UGC 8782 (3C 293) at a redshift of z = 0.045 (Sandage 1966 ) is a

adio loud source (Liu & Zhang 2002 ) with nuclear activity classified
s a low-ionization nuclear emission region (LINER; V ́eron-Cetty & 

 ́eron 2006 ). Optical images reveal complex morphology with 
lamentary dust lanes at hundreds of parsecs and kpc scales, likely 
s a result of a merger event (e.g. Martel et al. 1999 ). This galaxy
resents a double-double radio source, with 200 kpc outer lobes 
riented approximately along the north-west–south-east direction 
nd ∼4 kpc scale inner lobes along the east–west direction (e.g. 
achalski et al. 2016 ). Outflows from the nucleus of UGC 8782 were

bserved in neutral hydrogen, with velocities of up to 1400 km s −1 ,
oming from the western radio hotspot (Morganti et al. 2003 ; Mahony
t al. 2013 ) and in ionized gas, but with the highest velocities,
f up to 1000 km s −1 , co-spatial with the eastern radio knot, at
he opposite side of the neutral gas outflows (Emonts et al. 2005 ;

ahony et al. 2016 ). These outflows have been interpreted by the
uthors as being produced by the interaction of the radio jet with the
nterstellar medium. Kukreti et al. ( 2022 ) combined multifrequency 
adio data of 3C 293, obtained with the international low-frequency 
rray telescope, multi-element radio linked interferometer network 
MERLIN) and very large array, to map the spectral index over a
road frequenc y range. The y found that the inner radio lobes are part
f a young jet-dominated radio source strongly interacting with the 
nterstellar medium, likely driven by the ionized outflows mentioned 
bo v e. By comparing the spectral indices of the inner radio structure
o that from the structures at larger scales, the authors conclude that
C 293 underwent at least two episodes of nuclear activity. 
This paper is organized as follows: Section 2 presents the ob-

ervations and data reduction procedure, while Section 3 describes 
he emission line fitting and stellar kinematics measurements. The 
esults are presented in Section 4 and discussed in Section 5 , and
ection 6 summarizes our conclusions. We adopt a redshift-based 
istance to UGC 8782 of 200 Mpc, for which 1 arcsec corresponds
o ∼970 pc at the galaxy. 

 OBSERVATI ONS  A N D  DATA  R E D U C T I O N  

GC 8782 was observed on 2022 February 23 with the Gemini-North 
ulti-Object Spectrograph (GMOS; Hook et al. 2004 ) operating in 

he IFU (Allington-Smith et al. 2002 ) mode, under the program code
N-2022A-Q-310 (PI: Riffel, R. A.). We used B600-G5323 grating 

nd the one-slit mode of the GMOS-IFU, which provides a field of
iew of 3.5 arcsec × 5.0 arcsec. The observations of UGC 8782 were
plit into six exposures of 1200 s, half centred at 6250 Å and half at
950 Å, in order to account for the detector gaps. 
The data reduction was performed with the GEMINI.GMOS package 

ith the IRAF software following the standard procedures for spectro- 
copic data, which includes the subtraction of the bias level, trimming 
nd flat-field correction, background subtraction for each science 
ata, quantum efficiency correction, sky subtraction and wavelength 
alibration. The LACOS algorithm (van Dokkum 2001 ) was used for
osmic rays removal and finally we performed the flux calibration, 
sing observations of the standard star Feige 66 to construct the
ensitivity function. The final data cubes for each individual exposure 
ave an angular sampling of 0.1 arcsec × 0.1 arcsec. 
The final data cube for UGC 8782 was obtained by median

ombining the individual exposure data cubes using the peak of the
ontinuum as reference for astrometry corrections among individual 
ubes. The final data cube co v ers the spectral region from 4650
o 7500 Å, which includes the most prominent optical emission 
ines seen in AGN spectra, from H β to [S II ] λ6731 Å. The velocity
esolution is ≈80 km s −1 as estimated from the full width at half-
aximum (FWHM) of typical emission lines in the CuAr spectra 

sed in the wavelength calibration and the angular resolution is ∼0.75 
rcsec as estimated from the FWHM field stars in the UGC 8782
cquisition image, corresponding to the ∼725 pc at the distance of
he galaxy. 

 MEASUREMENTS  

.1 Stellar kinematics 

e use the Penalized Pixel-Fitting ( PPXF ) method (Cappellari &
msellem 2004 ; Cappellari 2017 , 2022 ) to fit and subtract the stellar
omponent from the observed spectra. The code finds the best fit of
he observed spectra by convolving template spectra with the line- 
f-sight velocity distribution assumed to be reproduced by Gauss–
ermite series. We fit the whole spectral region, masking out regions
MNRAS 521, 3260–3272 (2023) 
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Figure 2. Left: composite image of the 1 arcmin × 1 arcmin g (4866 Å), i (4866 Å), and y (9633 Å) bands of UGC 8782 from Pan-STARRS data archive 
(Chambers et al. 2016 ; Flewelling et al. 2016 ). Middle: GMOS 6100 Å continuum image. The colour bar shows the continuum flux values in logarithmic units 
of erg s −1 cm 

−2 Å−1 . Right: [NII] + H α narrow-band image obtained from the GMOS data cube. The colour bar shows the flux values in logarithmic units of 
erg s −1 cm 

−2 . The blue dashed lines show the orientation of the galaxy major axis as obtained from the 2MASS K -band image (Skrutskie et al. 2006 ) and the 
central crosses mark the position of the nucleus, defined as the location of the peak of the continuum emission. The green contours o v erlaid to the [NII] + H α

image show the inner radio structure of UGC 8782 at 1360 MHz presented by Kukreti et al. ( 2022 ). In all images, North is up and East is to the left. 
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f strong emission lines and use as spectral templates those from the
ILES-HC library (Westfall et al. 2019 ), which has a similar spectral

esolution of our GMOS data. We allow PPXF to include multiplica-
ive fifth-order polynomials to further adjust the continuum shape of
he template to the observed spectra. In addition, we use the clean pa-
ameter of PPXF to use the iterative sigma clipping method described
n Cappellari et al. ( 2002 ) to reject spectral pixels that deviate more
han 3 σ from the best fit, in order to exclude from the fit unmasked
ad pixels, due to remaining sky lines and spurious features. 

The output from the PPXF code includes measurements of the
adial velocity (V ∗) and stellar velocity dispersion ( σ ∗) at each
paxel, which are used to construct two-dimensional maps presented
n Fig. 3 . In addition, we subtract the best-fitting model at each
paxel from the observed spectra in order to produce a data cube free
f the stellar population component, which is used to measure the
mission-line properties. 

.2 Emission-line fitting 

e use the IFSCUBE package (Ruschel-Dutra & de Oliveira 2020 ;
uschel-Dutra et al. 2021 ) to fit the observed emission-line profiles
y Gaussian curves. The fit is performed after the subtraction of the
tellar component contribution from the observed spectra, and we
llow the code to include two Gaussian curves (a narrow and a broad
omponent) per emission line, as indicated by visual inspection of
he spectra. We use the CUBEFIT routine from the IFSCUBE package
nd fit the following emission lines simultaneously: H β, [O III ]
λ4959,5007, [O I ] λ6300, [N II ] λλ6548,6583, H α and [S II ]
λ6717,6731. Initial guesses of the Gaussian amplitude, centroid
 elocity, and v elocity dispersion are provided to the code based on
easurements of the nuclear spectrum using the splot IRAF task,
hich are used to fit the nuclear spectrum. After a successful fit of

he nuclear emission line profiles, the routine fits the surrounding
paxels following a radial spiral loop, using as initial guesses the
est-fitting parameters obtained from successful fits of spaxels at
istances smaller than 0.3 arcsec from the fitted spaxel, as defined
NRAS 521, 3260–3272 (2023) 
y using the refit parameter. If the amplitude of one of the fitted
aussians is smaller than three times the standard deviation of the
earby continuum, only one component is used. To account for
ossible remaining continuum emission, we also include fourth-order
olynomial, which is used to fit the continuum before the fitting of
he emission lines. 

During the fit, we tied the velocity and velocity dispersion ( σ ) of
mission lines produced from the same species (H β and H α; [O III ]
5007 and [O III ] λ4959; [N II ] λ6548 and [N II ] λ6583; [S II ] λ6717
nd [S II ] λ6731) for each kinematic component. We also fixed the
O III ] λ5007/[O III ] λ4959 and [N II ] λ6583/[N II ] λ6548 intensity
ine ratios of each component to their theoretical values of 2.98 and
.06 (Osterbrock & Ferland 2006 ), respectively. 

 RESULTS  

.1 Spatially resolved observations 

n Fig. 2 , we present a large-scale giy image of UGC 8782 (left panel)
rom Pan-STARRS data archive (Chambers et al. 2016 ; Flewelling
t al. 2016 ), along with a continuum (middle panel) and a [N II ] + H α

arrow band (right panel) image obtained from the GMOS data cube.
he GMOS continuum image is obtained by computing the mean flux

n a 100 Å window centred at 6100 Å. The blue dashed line shows
he orientation of the galaxy’s major axis (PA = 50 ◦; Skrutskie et al.
006 ). The continuum distribution is elongated along the north-east–
outh-west direction and has a smaller PA ( ∼35 ◦ East of North)
han for the large-scale disc, with a secondary extended structure
bserved to the west of the nucleus at ∼1.3 arcsec. The [N II ] + H α

arrow band image is obtained by integrating the fluxes within a
pectral window from 6500 to 6640 Å – including these lines – using
he cube with the contribution of the stellar population component
ubtracted. Extended gas emission is observed along the major axis of
he galaxy, with a similar distribution as observed in the continuum.
o we ver, the strongest emission is observed at a structure located at
.3 arcsec west from the nucleus. 
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Fig. 3 presents results for the stellar and gas kinematics and 
mission distributions. The stellar velocity field presents a velocity 
radient consistent with the orientation of the major axis of the large-
cale disc of PA = 50 ◦ (Skrutskie et al. 2006 ) with blueshifts seen
o the south-west and redshifts to the north-east of the nucleus. The
tellar velocity dispersion map presents values in the range from 100 
o 270 km s −1 with a mean value of 205 km s −1 and standard deviation
f 65 km s −1 . Thus, the observed stellar kinematics in UGC 8782 is
onsistent with the behaviour expected for a rotation disc with similar
rientation of the large-scale disc of the galaxy. 
The emission-line flux distributions for the narrow component are 

longated along the local stellar disc, following a similar orientation 
f that of the major axis of the continuum image, for all emission
ines, as can be seen in the first column of Fig. 3 . The corresponding
elocity fields also present a similar velocity behaviour of that in the
tellar velocity field, with blueshifts to the south-west and redshifts 
o the north-east. The gas velocity dispersion maps for the narrow 

omponent for all emission lines present values smaller than those 
bserved for the stars, with values lower than 150 km s −1 at most
ocations. The kinematics and emission structure of the narrow 

omponent are consistent with emission of gas in a rotating disc, 
imilarly to that observed for the stars. The slightly larger velocity 
mplitude and smaller velocity dispersion values observed for the gas 
s compared with those of the stars can be explained by projection
ffects if the gas is located in a thin disc and the stars in a thicker
istribution. 
The broad component emission is extended mostly to the west 

f the nucleus for all emission lines. The emission peaks at ∼1
rcsec west of the nucleus are close to the border of a radio knot
bserved at 0.7 arcsec west. The centroid velocity of the broad 
omponent is blueshifted by about 200 km s −1 and the σ maps 
resent values of up to 400 km s −1 . The green contours o v erlaid to the
 α flux distribution and σ map for the broad component are from

he 1360 MHz radio image obtained with the MERLIN array and 
resented by Kukreti et al. ( 2022 ). The highest fluxes for the broad
omponents are observed co-spatially with the radio structure to the 
est and the highest velocity dispersion values are seen surrounding 

he western radio lobe, suggesting that the emission of the broad 
omponent is associated with the interaction of the radio jet with the
mbient gas. 

Follo wing Rif fel et al. ( 2021b ), we estimate the visual extinction
 A V ) using the H α/H β intensity line ratio, by 

 V = 7 . 22 log 

[
( F H α/F H β) obs 

2 . 86 

]
, (1) 

here ( F H α/ F H β ) obs is the observed H α/H β flux ratio, adopting the
ardelli, Clayton & Mathis ( 1989 ) extinction law and an intrinsic
ux ratio of F H α/ F H β = 2.86 for H I case B recombination for an
lectron temperature of T e = 10 000 K and electron density of N e =
00 cm 

−3 (Osterbrock & Ferland 2006 ). The resulting maps for the
arrow and broad-line components are shown, respectively, in the top 
nd bottom panels of Fig. 4 . The A V map for the narrow component
ho ws v alues in the range from 0 to 3.5 mag, with the highest ones
een at the north-west side of the galaxy, co-spatial with the dust
tructure seen in the large-scale image of Fig. 2 . The mean value is
 A V 〉 = 2.7 ± 0.1 mag. The broad component in the H β emission line
s detected only in a few spaxels and thus its resulting A V map shows
 limited spatial co v erage. The mean value for the broad component
s 〈 A V 〉 = 1.7 ± 0.4 mag. 

The central panels of Fig. 4 show the [S II ] λ6717/[S II ] λ6731 flux
atio maps for UGC 8782 for the narrow (top) and broad (bottom)
omponents. For the narrow component, the lowest values of ∼0.9 
re seen to the south-west of the nucleus, while the highest values
f up to 1.6 are observed mostly to the north-west and north of the
ucleus. For the broad component, the lowest values of ∼0.9 are seen
o the west of the nucleus, close to the tip of the radio jet, while higher
alues of up to 2.6 are seen to the south. The [S II ] λ6717/[S II ] λ6731
atio can be used to estimate the electron density ( N e ) for intensity
ine ratios in the range of ∼0.5–1.4 (Osterbrock & Ferland 2006 ).
igher values of [S II ] λ6717/[S II ] λ6731 are produced in lower
ensity gas, while lower ratios are associated with higher density 
louds. 

To estimate the electron density of the emitting gas for both kine-
atic components, we used the PYNEB python package (Luridiana, 
orisset & Shaw 2015 ) and assume an electron temperature of

.5 × 10 4 K, a typical value observed in Seyfert nuclei (Re v alski
t al. 2018a , b , 2021 ; Dors et al. 2020 ; Riffel et al. 2021a , d ). The
esulting N e maps are shown in the right panels of Fig. 4 . The map
or the narrow component presents the highest values ( > 1700 cm 

−3 )
o the south-west of the nucleus and the lo west v alues ( < 200 cm 

−3 )
o the north-east, and a mean value of 〈 N e 〉 = 607 ± 27 cm 

−3 .
ost locations with detection of the broad component in the [S II ]

oublet present ratios larger than 1.4, where the relation between the
ine ratio and N e becomes flat (Osterbrock & Ferland 2006 ). These
egions correspond to very low densities ( � 50 cm 

−3 ). The highest
ensities ( ∼ 1600 cm 

−3 ) are found close to the edge of the radio jet
o the west of the nucleus and the mean value is 〈 N e 〉 = 740 ± 72
cm 

−3 . 
Emission-line ratio diagrams can be used to identify the dominant 

as ionization source in a galaxy. In the optical, the BPT (Baldwin,
hillips & Terlevich 1981 ) and WHAN (Cid Fernandes et al. 2010 ,
011 ) diagrams are commonly used for this purpose. In the top
anels of Fig. 5 , we present the spatially resolved [O III ] λ5007/H β

ersus [N II ] λ6583/H α BPT diagram using the fluxes of the narrow-
ine component, as well as a colour-coded excitation map (right). 
he gre y re gions in the e xcitation map correspond to locations
here at least one line is not detected abo v e the 3 σ threshold.
ost spaxels with detected emission in all four lines show ratios

n the regions occupied by LINERs and transition objects (TOs). 
he blue triangle shown in the BPT diagram corresponds to the
ucleus, as obtained using the line fluxes computed within a circular
perture of 0.5 arcsec radius. The broad component of [O III ] λ5007
nd H β is detected only in a few spaxels around the position of
ts emission peak (1.0 arcsec west of the nucleus) and thus we do
ot present its BPT diagram, but we compute the integrated fluxes
ithin a 0.5 arcsec radius aperture centred at 1.0 arcsec west of the
ucleus. The ratios for the narrow and broad components integrated 
ithin this aperture are shown as a black square and a black star,

espectively. 
The WHAN diagrams for the narrow and broad components are 

hown in the middle and bottom panels of Fig. 5 , along with their
orresponding excitation maps. The WHAN diagram is particularly 
seful to separate emission of gas ionized by an AGN – which
esults in H α equi v alent widths, EW H α > 3 Å – from those that can
e attributed to hot lo w-mass e volved stars (HOLMES) with EW H α

 3 Å (Cid Fernandes et al. 2010 , 2011 ; Agostino et al. 2021 ). The
HAN diagrams for UGC 8782 show that most points are located

n the regions occupied by AGNs, and emission of gas excited by
OLMES can be neglected. 
UGC 8782 presents [O I ] λ6300 extended emission over most of

he GMOS field of view. This emission line can be used as a tracer
f shocks in neutral gas (e.g. Allen et al. 2008 ; Ho et al. 2014 ; Riffel
t al. 2020a ). In Fig. 6 , we present plots of the [O I ] velocity dispersion
 σO I ) versus the [O I ] λ6300/H α flux line ratio using measurements
MNRAS 521, 3260–3272 (2023) 
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Figure 3. Stellar and gas kinematics and distribution in UGC 8782. The first row shows, from left to right, a continuum image obtained by computing the 
mean fluxes from the GMOS cube within a 100 Å window centred at 6000 Å, the stellar velocity field, stellar velocity dispersion map, and an example of fitting 
procedure for the nuclear spaxel. The observed nuclear spectrum is shown as a black dashed line, the best-fitting model is represented in red, and the residual 
(plus an arbitrary constant) is shown as a dotted line. The remaining rows show the results for the [O III ] λ5007, [O I ] λ6300, H α, [N II ] λ6583, and [S II ] λ6731 
emission lines, from top to bottom. For each emission line, we show, from left to right, the flux distribution, centroid velocity, and velocity dispersion maps for 
the narrow (first three panels) and the broad (last three panels) components. The colour bars show the line fluxes in logarithmic units of erg s −1 cm 

−2 spaxel −1 , 
the velocity and velocity dispersion maps in km s −1 , and the continuum image in logarithmic units of erg s −1 cm 

−2 Å−1 spaxel −1 . The central crosses mark the 
position of the nucleus, defined as the location of the continuum peak and in all panels the North is up and East to the left. The green contours o v erlaid in some 
panels are from the 1360 MHz radio image of UGC 8782 presented by Kukreti et al. ( 2022 ). The black dashed lines show the orientation of the galaxy’s major 
axis (position angle (PA) = 50 ◦; Skrutskie et al. 2006 ). Grey regions in the stellar kinematic maps correspond to locations with velocity or σ uncertainties larger 
than 50 km s −1 , while in the emission-line maps these regions correspond to locations where the corresponding emission-line density flux is not detected abo v e 
three times the standard deviation of the spectra noise, computed in neighbouring spectral regions of each emission line. 
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or the narrow (left panel) and broad (right panel) components.
he narrow component presents 100 km s −1 � σO I � 130 km s −1 

nd −1.0 � log([O I ]/H α � −0.3, while for the broad component
he ranges of values are 290 km s −1 � σO I � 330 km s −1 and −0.7
NRAS 521, 3260–3272 (2023) 
 log([O I ]/ H α � 0.0. The black points correspond to mean values
omputed within bins of 0.05 dex in log [O I ] λ6300/H α, and the
rror bars represent the standard deviation of the velocity dispersion
ithin each bin. 
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Figure 4. Visual extinction (left) in magnitudes, [S II ] λ6717/[S II ] λ6731 
intensity line ratio (middle), and electron density (right) maps for the narrow 

(top) and broad (bottom) components, in units of cm 

−3 . The grey regions 
correspond to locations where one of both emission lines used in the ratio 
is not detected abo v e 3 σ continuum noise. The green contours o v erlaid in 
some panels are from the 1360 MHz radio image of UGC 8782 presented by 
Kukreti et al. ( 2022 ). 
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.2 Integrated spectra at selected positions 

re vious observ ations of UGC 8782 re vealed broad emission line
omponents associated with the eastern radio jet, with higher 
elocities and much fainter emission, as compared with the broad 
omponents seen to the west of the nucleus (Mahony et al. 2016 ).
hese authors interpreted this result as the broad components 
riginating from a bipolar outflo w, dri ven by the radio jet. As
hown in the previous section, we do not detect this eastern broad
omponent abo v e 3 σ noise lev el in individual spax els, but there is
ome extended emission to the north of the nucleus as observed for
 α and [N II ] λ6583 emission lines (Fig. 3 ). In order to investigate the
rigin of the broad component, we have extracted individual spectra 
ithin circular apertures of 0.4 arcsec radius (comparable to the 

eeing of the observations) centred at five positions: (i) the nucleus; 
ii) the location of the western radio hotspot ( �α = −1.1 arcsec;
δ = 0.1 arcsec); (iii) the location of the eastern radio hotspot ( �α =

.9 arcsec; �δ = 0.0 arcsec); (iv) 1.0 arcsec north of the nucleus; (v)
nd 1.0 arcsec south of the nucleus. The resulting spectra are shown as
lack dashed lines in Fig. 7 and reveal the presence of broad-line com-
onents in all locations, not only along the radio jet. We followed the
ame procedure described abo v e and fitted each emission line by two
aussian curves using the IFSCUBE package, keeping the kinematics 

velocity and σ ) of the narrow and broad components tied, separately. 
he resulting models are shown in red in Fig. 7 and the individual
omponents are shown as green dotted and blue dashed-dotted lines, 
espectively. 

As in Mahony et al. ( 2016 ) – who used optical integral field
pectrograph (OASIS) observations of UGC 8782 with the William 

erschel Telescope (WHT) – we also find that the broad component 
mission in the western radio hotspot position is about one order 
f magnitude brighter than that in the eastern hotspot region. In
ddition, our GMOS data reveal broad component emission in 
egions perpendicular to the radio jet, as seen in the spectra extracted
n regions to the north and to the south of the nucleus in Fig. 7 . The
road component emission in these regions is stronger than those 
n the eastern radio hotspot location by a factor of 2, for example,
hen H α line is considered. The broad component is blueshifted in
ll locations with velocities of −450 ± 48 km s −1 for the nucleus,
200 ± 57 km s −1 (for the eastern hotspot), −175 ± 30 km s −1 

western hotspot), −140 ± 38 km s −1 (1.0 arcsec south), and 
365 ± 40 km s −1 (1.0 arcsec north). The widths of the broad

omponent are in the range of 380 −560 km s −1 , with the lowest
alue observed at the south of the nucleus and the highest at the
astern radio hotspot. 

In addition, in Fig. 7 we present the W 80 map for the H α

mission line. This parameter corresponds to the width of the line
rofile containing 80 per cent of its total flux and can be used
o identify gas outflows that typically present W 80 > 500 km s −1 

bserved in the [O III] λ5007 emission line (e.g. Zakamska & Greene
014 ; Wylezalek et al. 2020 ; Ruschel-Dutra et al. 2021 ). The W 80 

ap for UGC 8782 presents values larger than this threshold at
everal locations surrounding the nucleus, with the highest values 
f up to 900 km s −1 seen to the west of the nucleus along the
adio jet. 

 DI SCUSSI ON  

ahony et al. ( 2016 ) used optical integral field spectroscopy,
btained with the OASIS-IFU on the 4.2 m WHT, to study the
as kinematics in the inner 12 × 9 arcsec 2 of UGC 8782. Their
bservations co v ered the [N II ] + H α and the [S II ] doublet emission
ines with angular sampling ranging from 0.3 arcsec × 0.3 arcsec in
he central regions to 3.6 arcsec × 2.7 arcsec in the outer regions.
hey detected a blueshifted broad component within the inner ≈ 2 
rcsec along the east–west direction spanning the region between the 
nner radio lobes, slightly extended to the north of the nucleus. In
ddition, these authors analyse long-slit spectra along the positions 
ngles 225 ◦ and 93 ◦, previously published by Emonts et al. ( 2005 ),
hich show that the broad component is detected to distances of up

o 5 kpc from the nucleus to both sides, along the radio jet. Although
ahony et al. ( 2016 ) do not present emission-line flux maps, they
ention in their work that the broad component presents much higher

eak fluxes in regions to the west of the nucleus, as compared with
egions to the east of it. These authors interpret the broad component
s being due to fast outflows driven by the radio jet, in an orientation
uch that the eastern side is approaching and the western side is
eceding. The eastern radio jet intercepts the disc, pushing the gas
ut and the radio jet creates a cocoon that disturbs the gas in all
irections (Mahony et al. 2016 ). 
Here, we use higher quality IFU data to further investigate the

as emission structure and kinematics. As in previous works, our 
MOS data clearly reveal the presence of a narrow and a broad

omponent, associated with gas emission from the disc and from 

he outflow. In the following, we will characterize both emission 
tructures. 

.1 Origin of the gas emission 

he nuclear emission of UGC 8782 was previously classified as a
INER based on optical line ratios, and interpreted as being produced
y shock excitation (Emonts et al. 2005 ; Mahony et al. 2016 ). Our
FU data allow us to further investigate the origin of the gas emission,
n a spatially resolved manner. The BPT diagram (Fig. 5 ) shows line
atios mostly in the region occupied by LINERs and TOs, with the
uclear emission being consistent with a LINER-type ionization. 
t the location of the western radio hotspot, the line ratios for the
arrow component are also consistent with a LINER-type ionization 
nd for the broad component, the observed line ratios are close
MNRAS 521, 3260–3272 (2023) 
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Figure 5. Spatially resolved BPT (Baldwin et al. 1981 ) and WHAN (Cid Fernandes et al. 2010 , 2011 ) diagrams for UGC 8782. The top panels show the BPT 

diagram (left) and the colour-coded excitation map (right) for the narrow component. The continuous, dashed, and dotted lines are the borderlines from K e wley 
et al. ( 2001 ), Kauffmann et al. ( 2003 ), and Cid Fernandes et al. ( 2010 ), respectively. The blue triangle shows the values of the narrow component for a nuclear 
aperture of 0.5 arcsec radius. The black star and square represent the ratios measured within an aperture of 0.5 arcsec centred at 1.0 arcsec west of the nucleus 
(position of the emission peak of the broad component), for the broad and narrow components, respectively. We do not show the BPT diagram for the broad 
component because the [O III ] and H β lines are detected only in a few spaxels. The middle and bottom panels show the WHAN diagrams and the corresponding 
excitation maps for the narrow and broad components, respectively. The lines in the WHAN diagram are those defined in Cid Fernandes et al. ( 2011 ) and the 
following nomenclature is used: star-forming galaxies (SF), transition objects (TO), weak A GN (wA GN; i.e. LINERs), strong A GN (sA GN; i.e. Seyferts), and 
retired galaxies (RG). 
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o the borderline separating Seyferts and LINERs in the WHAN
iagram, as defined in Cid Fernandes et al. ( 2010 ). These results are
onsistent with the classification of UGC 8782 as a host of an AGN,
ased on the plot of the PAH6 . 2 μm equi v alent width (EW PAH6 . 2 μm 

)
ersus the H 2 S(3) / PAH11 . 3 μm intensity line ratio using Spitzer
ata (EW PAH6 . 2 μm 

≈ 0 . 09 μm and H 2 S(3) / PAH11 . 3 μm ≈ 0 . 15 for
GC 8782; Lambrides et al. 2019 ). 
Although the BPT and WHAN diagnostic diagrams are useful

o separate photoionized gas by star-forming regions, AGN and
NRAS 521, 3260–3272 (2023) 
OLMES, they are not sensitive to possible contributions from
hocks (Agostino et al. 2021 ; Dors et al. 2021 ). The [O I ] λ6300/H α

ntensity line ratio is a well-known tracer of shocks (Monreal-Ibero,
rribas & Colina 2006 ; Monreal-Ibero et al. 2010 ; Rich, K e wley &
opita 2011 , 2015 ). Shocks may be the dominant excitation mech-

nism of the [O I ] emission if its velocity dispersion is larger than
150 km s −1 and log [O I ] λ6300/H α � −1.0 (e.g. Ho et al. 2014 ).
he plots of σO I versus log [O I ] λ6300/H α shown in Fig. 6 reveal

hat, although log [O I ] λ6300/H α > −1.0 for the disc component,
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Figure 6. Plot of σO I versus log [O I ] λ6300/H α for the narrow (left) and broad (right) components. The black dots correspond to mean values computed within 
bins of 0.05 dex in log [O I ] λ6300/H α. The Pearson correlation coefficient ( R P ) and p -value are shown in the top-right corner of each panel. 

Figure 7. Fits of the emission lines in the red part of the spectra at five positions using integrated spectra extracted within 0.4 arcsec radii apertures, as 
represented by the green circles. The observed spectra with the stellar population contribution subtracted are shown in black and the best-fitting models in red. 
The individual components are shown as green dotted and blue dashed-dotted lines for the narrow and broad components, respectively. The central panel shows 
the W 80 map for the H α emission line, with the colour bar representing the values in km s −1 . 
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Figure 8. Top panels, from left to right: observed H α velocity field for the narrow component, best-fitting model obtained with the KINEMETRY code, and 
residual velocity map, obtained by subtracting the model from the observed velocities. Bottom panels: the left panel shows plot of the PA of the major axis of the 
modelled ellipses along the radius. The black circles represent the kinematic PAs, and the red stars show the photometric PAs obtained by fitting the continuum 

image using the PHOTUTILS package. The central and right panels show the harmonic expansion coefficients k 1 and k 5 / k 1 from the KINEMETRY model. 
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he velocity dispersion is low (100–130 kms −1 ), suggesting that
hotoionization may be the main mechanism in action. Ho we ver,
hocks with these velocities may also be able to excite the gas (Ho
t al. 2014 ). Indeed, an additional contribution of shocks cannot be
iscarded as a weak correlation (Pearson correlation coefficient R P 

 0.14) is observed between [O I ] λ6300/H α and σO I for the narrow
omponent. The highest values of both parameters are observed in
egions along the disc, outside the AGN ionization cone. This result
s consistent with the detection of shock ionization by AGN winds
n regions outside the AGN ionization structure, where shocked gas
mission can be easily observed (Riffel et al. 2021a ), and with the
etection of a broad component in the integrated spectra shown in
ig. 7 . On the other hand, the broad outflow component shows much
igher [O I ] λ6300/H α and σO I and there is a stronger correlation
etween these two parameters ( R P = 0.44), which suggests that
hock excitation is important in the production of emission of the
utflowing gas. 
Thus, the main excitation mechanism of the gas in the disc may

e photoionization by the central AGN of UGC 8782 as indicated by
he observed emission line ratios and kinematics, with an additional
ontribution of shocks. On the other hand, the enhanced gas emission
ssociated with radio hotspots, the observed intensity line ratios,
nd the correlation between [O I ] λ6300/H α and σO I indicate that
hocks play an important role in the excitation of the gas in the
NRAS 521, 3260–3272 (2023) 

utflow. 
.2 The disc component 

he gas velocity field for the disc component (Fig. 3 ) shows a clear
otation pattern for all emission lines, with the line of nodes oriented
pproximately along the orientation of the major axis of the galaxy’s
arge-scale disc (PA = 50 ◦; Skrutskie et al. 2006 ). This behaviour is
imilar to that observed for the stars (Fig. 3 ) and in cold molecular
as, traced by the CO emission (Labiano et al. 2014 ). Ho we ver,
eviation from pure rotation is also observed in the ionized gas,
s a discontinuity in velocities seen at ∼1 arcsec north-east of the
ucleus. In order to better constrain the gas kinematics, we use the
INEMETRY method (Krajnovic et al. 2006 ) to model the gas velocity
eld from the H α narrow component. This method is a generalization
f the surface photometry technique and can be used to model the
bserv ed v elocity field by a set of ellipses under the assumption that
he velocity profile along each ellipse satisfies a cosine law, using the
 ourier e xpansion technique (Krajno vic et al. 2006 ). 
Fig. 8 shows, in the top panels, the observed H α velocity field

or the disc (narrow) component (left panel), the resulting best-
tting model obtained by the KINEMETRY method (central panel)
nd the residual map obtained by subtracting the model from the
bserv ed v elocities (right panel). The bottom-left panel shows the
adial variation of the kinematic position angle (PA) of the major
xis of the fitted ellipses (in black) and the photometric PA (in
ed) obtained by modelling the continuum image (Fig. 3 ) using the
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HOTUTILS package (Bradley et al. 2020 ). The bottom-central and 
ottom-right panels show the harmonic coefficients k 1 and k 5 / k 1 ,
espectively. The k 1 term describes the velocity amplitude of bulk 
as motions, while the k 5 / k 1 term quantifies higher order deviations
rom pure rotation (Krajnovic et al. 2006 ). 

The photometric and kinematic PAs of the major axis of the ellipses
pproximately follow each other, with the highest offset of less than 
0 ◦ observed at ∼0.7 arcsec and at 1.5 arcsec from the nucleus.
hese discrepancies are observed at the same distances of a redshifted 
tructure north of the nucleus and an excess of blueshifts to the north-
est of it, observed in the velocity field. The PA of the major axis

hanges from 	 0 = ∼20 ◦ close to the nucleus to 	 0 = ∼50 ◦ in the
uter regions, becoming similar to the values derived for the large- 
cale disc using images in different bands (50 −68 ◦; Mackay 1971 ;
krutskie et al. 2006 ; Adelman-McCarthy et al. 2008 ) and from the
nalysis of the kinematics of the cold gas (Labiano et al. 2014 ). The
ear side of the disc corresponds to the north-western side of the
alaxy, where obscuration is higher (Floyd et al. 2006 ; Labiano et al.
014 ). A higher extinction at the north-western side of the galaxy is
lso confirmed by our GMOS data in a map for the ratio between
he red and blue stellar continuum, resulting in higher values to the
orth-western side of the disc. 
The rotation curve (bottom central panel in Fig. 8 ) shows increas-

ng velocity values outward from the nucleus, reaching a maximum 

alue of ∼130 km s −1 . The k 5 / k 1 parameter shows values close to zero
n the inner ∼1 arcsec, and growing outwards, reaching a maximum 

alue of ∼0.15. This indicates that beyond the inner arcsec, the gas
inematics sho ws de viations that cannot be e xplained by re gular
otation under the galaxy’s gravitational potential. The residual map 
top-right panel of Fig. 8 ) shows low values ( � 30 km s −1 ), but with
 systematic pattern, supporting an additional kinematic component. 
edshifted regions are observed approximately along the minor axis 
f the galaxy, while blueshifted residuals are seen mainly along the 
ajor axis of the galaxy. The complex gas kinematics observed in the

isc component of UGC 8782 is likely produced by a merger event
ith a gas-rich galaxy, providing a gas reservoir to feed the central
MBH as suggested by previous studies (e.g. Evans et al. 1999 ;
artel et al. 1999 ; Beswick, Pedlar & Holloway 2002 ; Emonts et al.

005 ). 
We can estimate the mass of ionized gas in the disc by 

 ion = 1 . 4 N e m p Vf , (2) 

here m p is the mass of the proton, N e is the electron density, V is the
olume of the emitting gas, the 1.4 factor is included to account for
he contribution of He, and f is the filling factor that can be obtained
rom 

 H α ≈ 4 πj H αVf , (3) 

here L H α is the H α luminosity and 4 π j H α/N 

2 
e = 3 . 558 × 10 −25 

rg cm 

−3 s −1 assuming the case B H II recombination for the low-
ensity limit and an electron temperature of 10 000 K (Osterbrock &
erland 2006 ). Replacing f from equation ( 3 ) into equation ( 2 ), we
btain 

 ion ≈ 7 × L H α

N e 
. (4) 

We calculate L H α from the H α fluxes for the disc component in
ach spaxel, after correcting them for extinction using the A V map 
rom Fig. 4 and the extinction law of Cardelli et al. ( 1989 ). For
paxels with no A V estimates, we use the mean A V value to correct
he H α flux. Using the N e values for the disc component and using
heir mean value in spaxels with no N e measurements, we obtain 
 ion = (1.1 ± 0.4) × 10 7 M �. The mass of ionized gas in the disc
s about three orders of magnitude lower than the mass of cold gas
n UGC 8782, of 2.2 × 10 10 M � (Evans et al. 1999 ; Labiano et al.
014 ). 

.3 Properties of the outflows 

he geometry of the multiphase gas outflows in UGC 8782 is an
ntriguing question. Outflows in neutral gas are co-spatial with the 
estern radio hotspot (Mahony et al. 2013 ), while previous studies of

he ionized gas kinematics found that the highest velocity component 
rises from a region co-spatial with the eastern radio hotspot (Mahony
t al. 2016 ). Shock-heated gas emission is detected in X-rays at the
ucleus and inner radio jet, as well as in diffuse X-ray emission to
he north and to the south of the nucleus (Lanz et al. 2015 ). The
old molecular counterpart of the outflows has not yet been detected,
nd IRAM Plateau de Bure interferometer observations of the CO 

mission give an upper limit of 7.1 × 10 8 M � for the mass of the
old gas outflow (Labiano et al. 2014 ). The eastern side of the inner
adio jet is approaching us making an angle of ∼50 ◦ with the line
f sight (Beswick et al. 2004 ), consistent with the orientation of the
alaxy such that the northwestern side is nearer to us. The inclination
f the disc is i = 50 ± 5 ◦ (relative to the plane of the sky) as obtained
rom ellipse fitting of the continuum image and consistent with the
arge-scale disc ( i ≈ 53 ◦; Skrutskie et al. 2006 ). 

Mahony et al. ( 2016 ) interpreted the ionized gas outflows in
GC 8782 as being driven by the radio jet, and a cocoon structure

urrounding the radio jet disturbing the gas in the central region of
he galaxy. They found that the outflows are detected in blueshifts
n both sides of the nucleus, with higher velocities observed to the
astern side attributed to the interaction of the approaching (eastern 
ide) radio jet with the ambient gas. As shown in Fig. 7 , our GMOS
ata reveal the presence of a blueshifted broad component not only
t the position of the radio hotspots but also from regions away
f the radio structure. In addition, the velocities of the outflow are
imilar at locations co-spatial with the eastern and western radio 
otspots. As already noticed by Mahony et al. ( 2016 ), the flux of the
road component at the eastern hotspot is very low and marginally
etected in their data, leading to a high uncertainty in the velocity of
he outflow. Indeed, the example of line fits shown by these authors
n their fig. 3 seems to slightly o v erestimate the blue wing of the
S II ] lines leading to a higher inferred velocity, as compared with the
ost prominent outflow component detected at the location of the 
estern radio hotspot. 
In agreement with pre vious observ ations, our data also support

 contribution of shock excitation of the gas in the outflow, as dis-
ussed abo v e. The close association between the enhanced emission
tructures seen in ionized gas with the radio structures indicates that
he shocks are produced by jet–cloud interaction. From the spectra 
xtracted on selected locations (Fig. 7 ), we find that the outflow
omponent is blueshifted at all positions, with the highest velocity 
bserved for the nucleus. The outflows are seen in blueshifts at all
ocations surrounding the nucleus if they are produced by the cocoon
reated by the radio jet (Mahony et al. 2016 ), with the enhanced
mission to the western side of the galaxy being produced by the
nteraction of the radio jet with the ambient gas of the galaxy.
nhanced emission-line widths in regions perpendicularly to the 

adio jet have been observed in nearby Seyfert galaxies, but with
entroid velocities close to the systemic velocity of the galaxies, 
nd interpreted as being due to jets perturbing the gas in the disc
e.g. Venturi et al. 2021 ; Girdhar et al. 2022 ), equatorial outflows
MNRAS 521, 3260–3272 (2023) 
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Figure 9. Radial profiles of the mass outflow rate (top panel) and kinetic 
power (bottom panel) of the ionized outflows in UGC 8782. 
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redicted by torus wind models (e.g. Elitzur 2012 ; H ̈onig et al. 2013 ;
iffel, Storchi-Bergmann & Riffel 2014 ), or due to much wider
pening angle outflows as compared with the AGN ionization cones
e.g. Riffel et al. 2021a ). The observ ed blueshifted v elocities at all
ocations around the nucleus fa v our a scenario in which the ionized
utflows in UGC 8782 present a spherical geometry, consistent with
ome theoretical predictions (Wagner, Bicknell & Umemura 2012 ;
shibashi, Fabian & Reynolds 2019 ). 

To compute the mass of ionized gas in the outflow, first we correct
he flux of the H α broad component at each spaxel using the A V 

alues (Fig. 4 ) for the broad component and the e xtinction la w of
ardelli et al. ( 1989 ). For spaxels with no A V estimations, we use its
ean value. Then, we compute the mass of the gas in each spaxel

sing equation ( 4 ) and the observed N e values for the outflow from
ig. 4 or its mean value for spaxels with no density measurements.
inally, we sum the mass contributions of all spaxels resulting in a
ass of ionized gas in the outflow of M out = (3.3 ± 1.1) × 10 6 M �.
his value corresponds to about 25 per cent of the total mass of

onized gas in the central region of UGC 8782. 
We estimate the mass outflow rate and kinetic power of the ionized

as outflows within circular rings with width � R = 0.3 arcsec centred
t the nucleus by 

˙
 out,� R = 

∑ 

i 

M 

i 
out,� R V 

i 
out,� R 

�R 

, (5) 

nd 

˙
 out,� R = 

∑ 

i 

M 

i 
out,� R ( V 

i 
out,� R ) 

3 

2 �R 

, (6) 

here the sum is performed o v er v elocity bins corresponding to the
pectral sampling of the final data cube ( ∼45 km s −1 ) with velocities
n the range from −3000 to 3000 km s −1 , M 

i 
out,� R is the mass of

onized gas within the ring at the velocity channel i , and V 

i 
out,� R 

orresponds to the absolute value of the velocity of the outflow. We
onstructed velocity channel maps for the H α outflow component,
sing a data cube constructed by subtracting the models of the stellar
opulation contribution and of the narrow H α component and the
N II ] emission lines. To compute the mass within each channel and
adial bin, we adopt the mean electron density value for the outflow
omponent. Fig. 9 presents the resulting radial profiles of mass
utflow rate (top panel) and kinetic power of the outflows (bottom
anel). The error bars correspond to the uncertainties propagated
rom the flux, velocity, and electron density. The peaks of Ṁ out,� R 

nd K̇ out,� R occur at ∼1 arcsec, as expected by the enhanced emission
t the location of the western radio hotspot, reaching values of
.5 ± 0.1 M � yr −1 and (6.8 ± 1.1) × 10 41 erg s −1 , respectively.
hese are the lower limits because where there is ionized gas,

here must be neutral gas as well because otherwise the clouds
et o v erionized to a much higher ionization lev el than observ ed
Dempsey & Zakamska 2018 ). The peak mass outflow rate derived
ere is about three times larger than the value derived by Mahony
t al. ( 2016 ). This discrepancy is due to the different assumptions by
hese authors and in this work, and specifically due to the correction
f the H α fluxes for extinction, not performed in the previous work.
he kinetic power of the outflows is about two orders of magnitude
maller than the kinetic power of the radio jets in UGC 8782, of
 −4 × 10 43 erg s −1 (Lanz et al. 2015 ), consistent with a jet-driven
utflow. 
We estimate the AGN bolometric luminosity ( L bol ) from the

O III ] λ5007 luminosity by L bol = 3500 L [O III] (Heckman et al.
004 ). Using the integrated [O III ] λ5007 luminosity, corrected by
NRAS 521, 3260–3272 (2023) 
ust extinction, using the law of Cardelli et al. ( 1989 ), we obtain
 bol = (2.2 ± 0.7) × 10 43 erg s −1 . Using the relation of L bol with the
 α luminosity, L bol = 2000 L H α (Sikora et al. 2013 ), the resulting
olometric luminosity is L bol = (2.5 ± 0.4) × 10 43 erg s −1 . Finally,
sing the hard X-ray bolometric correction from Netzer ( 2019 ) and
he observed 2–10 keV flux from Ueda et al. ( 2005 ), we obtain L bol ≈
.2 × 10 43 erg s −1 . An advantage of using X-ray observations is that
t is less sensitive to dust obscuration and to scattered or reprocessed
mission than optical wavelengths, being a direct tracer of the AGN
mission. 

The kinetic power of the ionized outflows corresponds to
1–3 per cent of the bolometric luminosity of the AGN in UGC 8782,

epending on the tracer used to estimate the bolometric luminosity.
his indicates that the ionized gas outflows could be powerful enough

o suppress the star formation in the host galaxy as the kinetic
oupling efficiency of the outflow is larger than the minimum value
equired by simulations for AGN feedback to have an ef fecti ve impact
n the host galaxies (e.g. Di Matteo et al. 2005 ; Hopkins & Elvis
010 ; Dubois et al. 2014 ; Schaye et al. 2015 ; Weinberger et al. 2017 ;
arrison et al. 2018 ). In addition, the kinetic energy of the outflows

epresents less than 20 per cent of the total energy released by the
utflow and the contribution from the other gas phases is expected
o be non-negligible (Richings & Faucher-Gigu ̀ere 2018b ). On the
ther hand, it is worth mentioning that the uncertainties in the outflow
roperties are usually high (up to two orders of magnitude), due to
ssumptions on their densities and geometry (Davies et al. 2020 ;
olina et al. 2022 ; Re v alski et al. 2022 ; Riffel et al. 2023 ). 
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 C O N C L U S I O N S  

e used GMOS-IFU observations of the radio loud AGN host 
GC 8782 at a spatial resolution of ∼725 pc to study the gas emission

tructure and kinematics in the inner 3.4 × 4.9 kpc 2 of the galaxy.
ur main conclusions are as follows: 

(i) The emitting gas presents high-velocity dispersion as quantified 
y the W 80 maps, with values larger than 500 km s −1 at several
ocations. The highest values are observed west ( ∼1 kpc) of the
ucleus in regions co-spatial with the inner radio jet, indicating a 
et–cloud interaction. 

(ii) The profiles of each emission line are fitted by two Gaussian 
urves: a narrow ( σ � 200 km s −1 ) and a broad ( σ � 200 km s −1 )
omponent. The narrow component traces the emission of the gas in 
he galaxy disc, while the broad component is consistent with gas 
utflows. 
(iii) The narrow component gas kinematics shows a pattern of disc 

otation, similar to that of the stars. Ho we ver, dif ferences between
he observed H α velocity field and a rotation disc model of up
o 30 km s −1 are also present, likely associated with disturbed gas
inematics due to a previous galaxy merger process. 
(iv) The broad component is blueshifted by ∼150 −500 km s −1 

elative to the systemic velocity of the galaxy and has a velocity
ispersion of up to σ ≈ 400 km s −1 . This component is detected for
ndividual spaxels mainly at locations to the west and north of the
ucleus, but it is observed in integrated spectra at several locations 
urrounding the nucleus. 

(v) The BPT and WHAN diagnostic diagrams show that both disc 
nd outflow components present values in the AGN region. Shock 
as excitation is also supported for the outflow component by the 
nhanced emission co-spatial with the western radio hotspot and by 
 correlation between [O I ] λ6300/H α and σO I , known shock tracers.

(vi) We estimate the mass outflow rate and kinetic power of 
he ionized gas outflows at different distances from the nucleus. 
he highest values of these properties are observed at ∼1 kpc 

rom the nucleus with values of Ṁ out,� R = 0 . 5 ± 0 . 1 M � yr −1 and
˙
 out,� R = (6 . 8 ± 1 . 1) × 10 41 erg s −1 . The kinetic power of the out-
ows corresponds to 1–3 per cent of the AGN bolometric luminosity. 
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