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ABSTRACT

The impact of feedback from active supermassive black holes on their host galaxies is a key phenomenon in understanding galaxy evolution. We
study ionised gas properties in a sample of 18 luminous (log Ly, > 45 erg s~!) obscured QSOs in the nearby Universe (0.085 < z < 0.2) observed
with VLT/MUSE as part of the multi-wavelength Quasar Feedback Survey (QFeedS) and with VLA at low- and high-resolution data. Our main
(Ogoal is to characterise the disturbed gas kinematics in this galaxy sample. We compare the outflow-related quantities with values reported in the
(\Jliterature and investigate possible correlations between the outflows and other properties of the ionised gas such as the electron density. We adopt
(a non-parametric approach to characterise the ionised gas kinematics, traced by the [O m]5007A emission line, and use Wy, measured from the
(\Junresolved nuclear spectra as a threshold to identify outflow-dominated spaxels. A qualitative comparison between the radio and the Wg, maps
U?}l:ows that, in general, the peak of the radio coincides with the peak of the Wg,. [O m]5007A is used as a proxy for the ionised gas mass, and
e outflow-related properties are obtained in two different ways: the global, which uses flux-weighted velocities and radii; and the peak, relying

on radial profiles. We correct the [O m]5007A flux for extinction using the Balmer decrement. We take advantage of the MUSE sensitivity and
<use the [Ar1v]4711,4740 doublet, only observable in the integrated r = 1.5” spectra, to measure the electron density in each galaxy. We obtain
500 < nc[cm™] < 27700, leading to 0.03< My, /(Myyr™") <4.17 and 39 < Ej;,/[erg s™'] < 42. Our results emphasise the importance of accurate
electron densities determination leading to a difference of 1 dex in the outflow rates and kinetic powers. We observe a positive correlation between
—#, and V, interpreted as compression of the gas at higher velocities.This correlation should be further investigated at other luminosity and redshift

<ranges, but it can inform future outflow simulation studies.
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£
%. Introduction
@)

= Accreting supermassive black holes (SMBH, Mgy > 100 M)
‘%are the powerhouses of active galactic nuclei (AGN). Di-
_Uyerse processes drive the gas towards the centre and trig-
ger the AGN (see Storchi-Bergmann & Schnorr-Miiller 2019;
«Alexander et al. 2025, for reviews on SMBH feeding). Subse-
“>quently, the phenomena associated with the so-called AGN feed-
LO)back can quench or even enhance star formation in the host
[“~galaxy thus having a profound impact on the evolution of their
C\host galaxies (e.g. Di Matteo et al. 2005; Hopkins & Elvis 2010;
Fabian 2012; Kormendy & Ho 2013; King & Pounds 2015;
O_Harrison & Ramos Almeida 2024). The AGN-driven galactic-
OOscale feedback is associated with accretion disc winds or jets
O of relativistic particles, and the energy released by the AGN dur-
@ing its lifetime can even be larger than the host galaxy binding
C_\!energy (Begelman et al. 2006).
=  Observational studies reveal that turbulent motions of the
*==jonised gas in the AGN narrow-line region (NLR) are of-
ten associated with radio emission (e.g. Heckman et al. 1981;
aMullaney etal. 2013; Zakamska & Greene 2014; Riffel et al.
2026). This is also consistent with simulations showing that
radio jets can disturb and increase the turbulence of the
surrounding gas, producing outflows (Mukherjee et al. 2018;
Tanner & Weaver 2022; Audibert et al. 2023; Mukherjee 2025;
Riffel et al. 2026). The AGN feedback modes, quasar/radiative
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and radio, do not seem to be two completely distinct phenomena
(Wylezalek & Morganti 2018) as radio emission associated with
outflows/feedback is observed in radiatively efficient AGN (e.g
Zakamska et al. 2016; Jarvis et al. 2019; Audibert et al. 2025).

Theoretical models predict that AGN-driven gas outflows
can suppress the star formation of the host (Granato et al.
2004; Zubovas & Bourne 2017; Costaetal. 2020), and af-
fect the luminosity function of the galaxies at the high-
mass end (e.g. Boweretal. 2006). Such ionised gas out-
flows have been observed not only in nearby (z < 0.4)
quasar hosts (Rupke & Veilleux 2011; Greeneetal. 2012;
Mullaney et al. 2013; Harrison et al. 2014; Somalwar et al.
2020; Dall’ Agnol de Oliveira et al. 2021; Trindade Falcdo et al.
2021; Girdhar et al. 2022; Ulivietal. 2024; Speranza et al.
2022, 2024; Bessiere et al. 2024; Kakkad et al. 2026) but also
in quasars at the cosmic noon and beyond (z > 2) (Kakkad et al.
2016, 2020; Vayner et al. 2024; Venturi et al. 2025; Bertola et al.
2025). However, the necessary kinetic coupling efficiency, a key
ingredient in theoretical predictions (Hopkins & Elvis 2010),
is yet an open question in the literature (Harrison et al. 2018;
Ward et al. 2024).

One of the key factors in determining the mass carried by the
outflows, and therefore their loss rates and powers, is the elec-
tron density (n.). At rest-frame optical wavelengths, there are
different approaches to measure such a quantity, which in many
cases can be underestimated when obtained from the [S 1] lines
(Holden et al. 2026), therefore leading to overestimated masses.
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One of the main sources of such underestimation is due to this
transition being produced in the partially ionised zone of the nar-
row line region, where there is a lower number of free electrons
available to fully ionise the sulphur atom Revalski et al. (2022).

Attempts to obtain more precise measurements have
been performed in the literature (e.g Roseetal. 2018;
Davies et al. 2020; Holden et al. 2024; Bessiere et al. 2024;
Ramos Almeida et al. 2025), but they rely on the detection of
emission lines that may lie outside the typical coverage of the
optical spectrographs.

Quasars at z ~ 0.1 are located on the sweet spot for observ-
ing these phenomena as they have high bolometric luminosities
(Lbol ~ 10¥erg s71) and the gas structures can still be resolved at
sub-kiloparsec resolutions at seeing-limited ground-based obser-
vations. The Quasar Feedback Survey (QFeedS) is designed to
study low redshift (z < 0.2) quasars that are analogues of high-z
sources (Jarvis et al. 2021). In this work, we analyse the ionised
gas properties in 18 QSOs from QFeedS observed with the Multi
Unit Spectroscopic Explorer (MUSE) at the Very Large Tele-
scope (VLT). We aim at studying the [O m]5007 A-based ionised
gas kinematics and derive properties such as electron density,
mass, and mass loss rates linked to kinematically perturbed mo-
tions in a consistent manner for this particular sample. This work
complements the previous observational papers on subsamples
of QFeedS (Jarvisetal. 2019, 2020, 2021; Silpa et al. 2022;
Molyneux et al. 2024; Girdhar et al. 2024; Njeri et al. 2025,
2026) and on single objects (Harrison et al. 2015; Lansbury et al.
2018; Girdhar et al. 2022).

The paper is organised as follows. In Section 2 we present
the sample selection, based on the parent QFeedS sample
(Jarvis et al. 2021; Njeri et al. 2026), describe the MUSE and
VLA datasets. In Section3 we describe our emission-line fit-
ting procedure and the non-parametric measurements we use in
the analysis of the gas kinematics. In Section 4 we present the
properties of the ionised gas, including electron density, extinc-
tion, and estimate of outflow-related quantities. We discuss our
results in Section 5, putting them into context with predictions
from simulations. Section 6 presents our conclusions. We adopt
aHy = 70 kms~'Mpc™!, Q,, = 0.3 and Q; = 0.7 cosmology
along the paper.

2. The sample and observations
2.1. The type 2 QSO sample

The original 42 objects of the Quasar Feedback Survey
(QFeedS-1) are drawn from the 24264 local (z < 0.4) galax-
ies in the SDSS DR7 sample Mullaney et al. (2013). The
QFeedS objects are located at z < 0.2, allowing them to
be resolved within a few kpc, have quasar-like luminosities
(Liomm > 10%2 erg s7L, Reyes et al. 2008) and, radio luminosi-
ties of Ly 4gHz > 102 ergs™!. A detailed sample selection and
description is provided in Jarvis et al. (2021). We note that this is
the parent sample of 42 sources we focus on for this work (now
called QFeedS-1), although the parent sample was recently ex-
panded to 71 sources, now including quasars with lower radio
luminosities (QFeedS-2; Njeri et al. 2026).

From the selection in Jarvis et al. (2021), we select the 18
galaxies classified as type 2 (Mullaney et al. 2013) and observ-
able from Cerro Paranal (-80° < 6 < 40°) for which MUSE
data was obtained. The choice of focusing on obscured quasars
in this works is due to the lack of contamination from the
broad component in the permitted lines, simplifying the study
of the gas distribution and kinematics on the narrow-line re-
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Fig. 1: Upper panel: 1.4 GHz luminosity vs. [O m] luminosity
as the gray points (light gray triangles for the upper limits) for
the z < 0.2 quasars in the Mullaney et al. (2013) sample. The
solid blue line indicates the radio loudness criteria from Xu et al.
(1999). The dashed black line indicates the QFeedS selection,
with the black stars representing the Jarvis et al. (2021) sample
and the green stars from the sample studied in Njeri et al. (2026).
The 18 targets we study here are highlighted by the black circle.
Bottom: [O ni] luminosity vs. 1.4 GHz Luminosity for the near-
est (z < 0.2) and brightest (Ljorm > 10*! erg s™!) galaxies in
the Mullaney et al. (2013) sample. The symbols are the same as
the upper plot, with the upper limits represented by arrows. The
galaxies studied here populate the high radio luminosity space.

gion. Most of the previous works focused on these sources (e.g.
Harrison et al. 2014, 2015; Lansbury et al. 2018; Jarvis et al.
2019, 2020; Girdhar et al. 2022, 2024), facilitating the compar-
ison and interpretation of the results. Table | presents the co-
ordinates of the galaxies, redshifts, and [Om]5007 luminosities
(3”diameter aperture SDSS DR7 photometry; Mullaney et al.
2013; Jarvis et al. 2021). The table also showcases information
on the MUSE project ID, exposure time and the spatial resolu-
tion of each galaxy observation.

The top panel of Figure 1 shows the galaxies in the par-
ent sample of Mullaney et al. (2013), the QFeedS targets (black
and green stars) and selected targets for this work highlighted as
the black circles, in the L 4 gu, versus Lijonr plane. All galax-
ies studied here classified as radio quiet, except J1347+1214
(also known as 4C+12.50 or PKS 1345+125). The bottom
panel shows only the galaxies within z < 0.2 and log Liony >
42.1 erg s”! in the [Om] FWHM versus L, 4Guz plane. The
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Jarvis et al. (2021) sample, thus by definition the sample studied
here, occupies the highest radio luminosities in comparison with
the QFeedS-2 sample (Njeri et al. 2026), although with similar
[Om] line width (see also Appendix A.l for contextualisation
with the literature for individual sources).

2.2. Observations and Data
2.2.1. MUSE data

The galaxies have been observed with MUSE (Bacon et al.
2010) instrument, mounted at the Nasmyth B focus of the 8 m
UT4 of the Very Large Telescope operated by the European
Southern Observatory (ESO) using, when possible, the adaptive
optics (AO) mode. MUSE is an integral field spectrograph op-
erating in the optical (465 — 930 nm) with a spectral resolution
of R ~ 3000 (~ 100 kms™") and a spectral pixel of 1.25A. The
galaxies in our sample were observed in the Wide Field Mode,
which has a FoV of 1’ x 1 (= 150 x 150 kpc? at the distance of
the galaxies) with a spatial sampling of 0.2”. The white bar in
each panel of Figure 2 corresponds to 5 kpc in the galaxies.

The data cubes analysed here are provided by the ESO Sci-
ence Portal'. The data reduction follows the standard procedure
of the MUSE data reduction pipeline (Weilbacher et al. 2020).
The main data reduction steps include bias subtraction, division
by flat field, determination of the wavelength solution, geomet-
ric and astrometric calibrations, correction for the atmospheric
refraction, flux calibration and sky subtraction. Table 1 shows
the project ID, the exposure times, and the spatial resolution,
obtained from the sky_res keyword on the header of the cubes.
At the distances of the galaxies, this corresponds to physical spa-
tial resolutions of ~ 1 — 3 kpc. The data for two of the galaxies
(J1010+0612 and J1010+1413) corresponds to the combination
of two different programs, identified as MUSE-DEEP in the ESO
Science Portal, as opposed to the single program observations
identified as MUSE. This is indicated in the Project ID columns
in Table 1.

Figure A.1 shows the extracted nuclear spectra for the 18
galaxies in our sample. We adopt an aperture with a diameter of
3" which is the same as the SDSS optical fibres and larger than
the spatial resolution, thus not requiring aperture corrections. In
some galaxies, which were observed using the MUSE adaptive
optics (AO) mode, the sodium emission (582 — 597 nm) from the
AO laser contaminates the observed spectra and is masked out
during the reduction. This region is indicated as as “Na mask”
in the figure. In the case of the galaxies J0909+1052, J1222-
0007, and J1108+0659, the [O 111]5007A lies in this region,
thus the kinematics associated with this line will not be anal-
ysed here. We keep these three galaxies in the sample as we
provide density and extinction measurements for them, despite
the lack of [O m]5007A line. We indicate the emission lines ob-
served, highlighting the [Ar1v]4711,4740 A doublet used as an
electron density tracer in the outflow component (see Section 4.2
and Binette et al. 2024).

2.2.2. VLA data

We use the observations from the Karl Jansky Very Large Array
(VLA) to compare the morphology of the radio emission with
the distribution and kinematics of the ionised gas derived from
MUSE.

! https://archive.eso.org/scienceportal /home

For the nine galaxies which are also part of the Jarvis et al.
(2019) sample, namely J0945+1737, J0958+1439, 11000+1242,
J1010+0612,  J1010+1413, J1100+0846, J1316+1753,
J1356+1026, and J1430+1339, we use the VLA observa-
tions in the C-band (4 — 8 GHz) with A-array and B-array
configurations 2 with 0.3”and 1.0”resolution, respectively. For
the remaining nine galaxies, we use the A-array VLA obser-
vations taken in the L- (1 — 2 GHz)? and C-bands (4 — 8 GHz)
data * with nominally the same resolution as the data from
Jarvis et al. (2019). The reduction performed in Jarvis et al.
(2021) was done consistently for the entire sample, thus some
fainter features are not well observed in some sources, while in
Jarvis et al. (2019) the particularities of each galaxy were taken
into account in the reduction. Thus, we adopt the two dataset for
comparison with our work here.

In Figures 2 and 3 we show the overlaid VLA contours levels
in light blue (1.0”resolution) and in gray (0.3"’resolution) over-
laid on the ionised gas emission and [O m]5007A Wy maps.
The contours and noise levels are the same as published by
Jarvis et al. (2019) and Jarvis et al. (2021) for the respective
galaxies. We note the morphological correspondence between
the extended ionised gas and the low resolution radio features
(see Jarvis et al. 2021). In the case of the Wy, its highest val-
ues are perpendicular to the radio emission in some galax-
ies, notably J1010+1413, J1000+1242 and J1316+1753 (see
Ulivi et al. 2024; Girdhar et al. 2022). A detailed comparison be-
tween the orientation of the radio and ionised gas emission is
beyond the scope of this paper and we limit ourselves to a qual-
itative analysis. In Appendix A.1 expands the discussion on the
radio features in context with the MUSE data and the existing
literature.

2.3. Trimming and alignment of MUSE and VLA data

The MUSE FoV is ~ 1 arcmin?, and comprises a large field of
view at the projected distances of the galaxies (~ 100 x 100 kpc?
to ~ 200x200kpc?). The area with ionised gas emission is much
smaller, as shown in Figure 2. In order to make the emission line
fitting procedure faster and more effective, i.e. not fit spaxels
without detected emission lines, we trimmed the data cubes to
account for the regions where the ionised gas is detected within
30 First, we build pseudo HG+[Omi] narrow-band images using
the software QFitsView (Ott 2012). We summed flux in a win-
dow centred at the H3+[Om]4959,5007 emission lines and sub-
tracted the continuum measured in 100A windows close to the
lines. This resulted in the images in Figure. 2 The angular sizes
covered by the galaxies are indicated in the figure. In the cases
of J1000+1242 and J1356+1026, which have very extended tidal
tails, almost the entirety of the north-south direction of the orig-
inal data cube is present in the trimmed cubes. Since the as-
trometry solution delivered by the phase III MUSE pipeline is
not always reliable, we have assigned the correct coordinates in
each data cube. We follow a similar procedure as presented in
Girdhar et al. (2022), where we first find the peak of the emis-
sion in a pseudo r-band image using the find_peaks function

2 Data available at https://doi.org/10.25405/data.ncl.c.
52039109.

3 L-band data available at https://data.ncl.ac.uk/articles/
dataset/M_E_Jarvis_et_al_2021_L-band_VLA_images/
13416164

4 C-band data available at https://data.ncl.ac.uk/articles/
dataset/M_E_Jarvis_et_al_2021_-_C-band_VLA_images/
13702021
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Fig. 2: Pseudo narrow-band image constructed from the MUSE data cube accounting for the emission of HB, [O m]4959A and

[0 m]5007A. The white bar at the bottom of each panel corresponds to a physical size of 5 kpc. The contours indicate the VLA
radio data. In light blue the ~ 1” and in gray the ~ 0.3” resolution observations (see Sect. 2.2.2 for details about the frequencies)

and the circles at the bottom left of each plot are the beam sizes. The images are in log-scale and in units of erg s™' A~! as indicated
in the colourbar. In most galaxies, there is a clear correspondence between the radio and optical emission morphologies.
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Fig. 3: Same as Fig. 2 but for the Wy plots. The blank panels are the galaxies where the [O m]5007A is not observed due to the
sodium mask used as part of the optical AO. The colorbars are in units of kms™'.

in the photutils package of Astropy. This pixel is then linked
to the SDSS coordinates of the sources, quoted in Table 1. The
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Table 1: The type 2 MUSE QSO sample: observations.

(H (2) 3 4 ®)] (6) (N 3
Galaxy RA Dec log Lionm z Project ID Exposure Time FWHM
72000 12000 [ergs™'] [sec] "]
J0909+1052*  09:09:35.49 +10:52:10.53 42.28 0.166 0103.B-0071 11 x612 0.74
J0945+1737 09:45:21.33  +17:37:53.20 42.67 0.128 0103.B-0071 4 x 550 0.93
J0958+1439 09:58:16.88  +14:39:23.70 42.52 0.109 0103.B-0071 4 x 550 1.04
J1000+1242 10:00:13.14  +12:42:26.20 42.62 0.148 0104.B-0476 12 x 700 1.09
J1010+0612 10:10:43.36  +06:12:01.40 42.26 0.098 0103.B-0071& 0104.B-0476 12 x 650 0.93
J1010+1413 10:10:22.95  +14:13:00.90 43.14 0.199 0103.B-0071& 0104.B-0476 16 X 625 0.71
J1016+0028 10:16:53.82  +00:28:57.15 42.18 0.116 0103.B-0071 8 x 550 0.71
J1055+1102 10:55:55.34  +11:02:52.21 42.52 0.145 0103.B-0071 10 x 550 0.72
J1100+0846 11:00:12.38  +08:46:16.30 42.71 0.100 0104.B-0476 6 x 450 1.06
J1108+0659*  11:08:51.04 +06:59:01.44 42.32 0.181 0103.B-0071 9 x 550 0.88
J1114+1939 11:14:23.81  +19:39:15.89 42.30 0.199 0103.B-0071 4 x 550 1.0
J1116+2200 11:16:25.34  +22:00:49.37 42.38 0.143 0103.B-0071 4 x 550 1.17
J1222-0007*  12:22:17.85 -00:07:43.76 42.85 0.173 0103.B-0071 8 x 550 0.81
J1316+1753 13:16:42.90 +17:53:32.50 42.77 0.150 0103.B-0071 4 x 550 0.75
J1347+1217 13:47:33.36  +12:17:24.30 42.25 0.121 0103.B-0391 11 X612 1.03
J1356+1026 13:56:46.10  +10:26:09.00 42.73 0.123 0103.B-0071 4 x 550 1.04
J1430+1339 14:30:29.88  +13:39:12.00 42.62 0.085 0102.B-0107 6 x 950 0.74
J1518+1403 15:18:56.27 +14:03:19.05 42.13 0.139 0103.B-0071 8 x 550 0.86

Notes. (1) Galaxy name; (2) Right Ascension and (3) Declination ; (4) [O m]5007A luminosity from Jarvis et al. (2021) based on the
[O m]5007A line fluxes reported by Mullaney et al. (2013); (5) galaxy redshift from SDSS DR7; (6) Muse project ID; (7) Exposure times;
(8) Spatial resolution of the MUSE data. The galaxies marked with % are the objects where the [O m]5007A region is masked out due to the

sodium emission from the AO laser.

VLA data already has an accurate wcs solution, and we use the
reference pixels on the image’s header to align them to the wcs-
corrected MUSE data.

3. Measurements
3.1. Emission line fitting

We perform emission-line fitting for all spaxels in each
trimmed data cube using the Python-based package IFSCUBE
(Ruschel-Dutra 2020). Due to the wings and complexities
in the quasars emission-lines, we adopt up to three Gaus-
sian curves to reproduce each emission line. We use the re-
fit parameter of IFSCUBE which assumes the bestfit param-
eter of spaxels located in a radius of 0.6”from the cur-
rent spaxel as its initial guesses. Therefore, the amplitude
of unnecessary components components tends to zero and
the code automatically chooses the best number of Gaussians
to reproduce a certain emission-line profile (see Riffel et al.
2020, for more detail). Our strategy is to best reproduce the
emission-line profiles without attributing a physical meaning
to individual components of the fit (e.g. Zakamska & Greene
2014; Ruschel-Dutra et al. 2021; Riffel etal. 2021c, 2023;
Harrison et al. 2014; Girdhar et al. 2022, 2024; Ulivi et al. 2024,
Speranza et al. 2024; Bessiere et al. 2024). Therefore, since we
will adopt non-parametric measurements (see below) to anal-
yse the line kinematics and are interested in the best repro-
duction and minimization of the noise of the overall line pro-
file, the ultimate number of components fitted will not affect
our analysis. We limit our analysis to the range of 4400 —
5500 A (in the rest-frame) since the [O m]5007A is strong
and a well known outflow tracer (e.g. Storchi-Bergmann et al.
2018; Kakkad et al. 2018; Mullaney et al. 2013; Fischer et al.
2013; Dall’ Agnol de Oliveira et al. 2021). A linear polynomial
is used to reproduce the underlying continuum, as the spectral
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range is small. We tie in the kinematics of the [O 111]49591&
the [O 111]500710% lines and also assume a theoretical line
ratio [O 111]500710%/[0 111]4959A=3 for each component. Since
our goal is to measure the outflow properties traced by the
[O 111]50071& line, our fitting procedure does not include the
modelling of the underlying stellar continuum. The stellar ab-
sorptions observed in the optical are not a major contaminant
to the [O m] emission line fluxes (e.g. Kakkad et al. 2022, and
see also Fig. A.1) as they are for HB, and thus our procedure is
adequate for the proposed analysis.

Here we use a non-parametric approach for analysing the
emission-line kinematics following the strategy described in
Liu et al. (2013). This method is not dependent on the shape or
number of the functions used to fit the emission lines. Figure
4 shows an example of the fitting to the [O m]5007A in a nu-
clear spaxel of the galaxy J0945+1737. The green lines represent
the Gaussian components, while the red curve corresponds to
the modelled spectra. We also follow Liu et al. (2013) in adopt-
ing the modelled spectra instead of the data to obtain the non-
parametric measurements, as it is less noisy in the areas with
lower signal-to-noise ratios. The yellow area in the figure cor-
responds to the parameter Wgy = vgg — vi9, Where voy and vy
are the velocities comprising 90 and 10 per cent of the emission
line flux. We also calculate the centroid velocity, V., which cor-
responds to the 50th velocity percentile, indicated by the blue
vertical line in the figure, corresponding to the mean line ve-
locity. Such a procedure is applied to all spaxel in every trimmed
data cube. Figures 3 and A.2-A.16 show the corresponding emis-
sion line and underlying continuum maps. The Appendix A.l
presents a discussion of the maps for individual galaxies.

Besides the data cubes, we also rely on two sets of extracted
spectra, centred at the nuclei of the galaxies, to perform some
of the analysis. The first with » = 1.5” (see Fig.A.1) used for
the estimations of extinction (see Sec. 4.1), where up to three
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Fig. 4: Fitting example of the [O m]5007A for nuclear spaxel of
J0945+1737. The linear continuum fit is subtracted from both
modelled and observed spectra. The green-dotted lines repre-
sent the individual Gaussian components. The shaded yellow
area corresponds to the Wgy where the vio and vgg are the ve-
locities encompassing 10 and 90 per cent of the line flux. The
blue dashed line corresponds to the mean line velocity, Veey.

Gaussian curves plus the underlying continuum are fitted to the
emission lines, and electron density (see Sec. 4.2) where just one
Gaussian function is enough due to the low signal-to-noise ratio
of the lines. The second extraction has r = 0.3” and we also
fit up to three Gaussians to the [O m] to obtain the unresolved
nuclear velocity dispersion which is the basis to define outflow
dominated spaxels (see Sec. 4.4).

4. Properties of the ionised gas
4.1. Nebular extinction

We calculate the interstellar dust extinction following Equation
7 in Riffel et al. (2021a). This prescription adopts an extinction
curve as described in Cardelli et al. (1989), Ry = 3.1 and an
intrinsic Ha to HP line ratio of 2.86 assuming an excitation tem-
perature of 10000 K, electron density of 100 cm™, and case B
recombination (Osterbrock & Ferland 2006). Due to complexi-
ties in the line profiles, especially the blending between Ha and
the [Nu] emission lines, we choose to calculate the extinction
based on the integrated spectrum with r = 1.5".

Table 2 presents the optical extinction (Ay) in magnitudes
for all galaxies except J1114+1939, where the HB emission line
cannot be observed due to the sodium emission from the AO
laser (see 2.2.1 and Fig. A.1). In this particular case, no cor-
rection was applied to the observed line fluxes. For the subse-
quent outflow analysis (Sec. 4.4), we correct the [O m]5007A
fluxes by the extinction at the observed wavelength of the emis-
sion line. The mean value of our Ay measurements is ~ 1.3 mag.
Ulivi et al. (2024) derived a median Ay of 1—1.8 mag in a spaxel-
by-spaxel basis for four of the galaxies that are in our sample
J1010+1413, J1010+0612, J1100+0846, and J1000+1242. The
mean Ay value we obtain for these four galaxies is ~ 1.6 mag,
which is within the values obtained by Ulivi et al. (2024).

4.2. Electron density

The electron density can be estimated by different methods each
carrying its own uncertainties and limitations. The ratio of the
[S 1]6717,6730 emission line doublet is one of the most common
methods for deriving the electron density using optical spec-
tra. However, the range of densities probed by this line ratio is
limited to 50 < n.(cm™) < 5000 cm~3(Osterbrock & Ferland
2006). Holden et al. (2026) argue that this indicator probes an
even stricter range of densities (100 < n,(cm™) < 3000cm™3).
The energy necessary to create the [Su] is also low (10eV)
and this transition is produced in the partially ionised region,
while the [Om], our adopted tracer of outflows here, emis-
sion originates in areas where the gas is fully ionised. The
transauroral lines [O 1] 7320,7330 and [S u]4069,4076 have also
been used as density estimators (Holt et al. 2011; Rose et al.
2018; Davies et al. 2020; Bessiere et al. 2024), giving rise to
the so-called TR method. The range of densities probed de-
pends on extinction model adopted and other factors, for ex-
ample Davies et al. (2020) found 1200 < n.(cm™3) < 3000
for a sample of local Seyferts, while Holden et al. (2026) de-
rived 700 < n.(cm™) < 28000 for a sample of type 2 QSOs
at z ~ 0.1. This method is not applicable to our dataset as
the doublets [S 11]4069,4076 and [O 1u]3726,3729 are not ob-
servable by MUSE at the redshift of the galaxies. Photoinisa-
tion models can also provide the gas electron densities (e.g.
Baron & Netzer 2019; Davies et al. 2020; Trindade Falcio et al.
2021; Revalski et al. 2022, 2025), which is usually called the
ionisation parameter method. It relies on the estimate of the num-
ber of hydrogen-ionising photons via a combination of observed
line ratios with photoionisation models and can probe densities
of ~ 10*°cm~3(see Baron & Netzer 2019, for a detailed discus-
sion).

We use the [Ari1v]4711,4740 emission lines as tracers of the
ionised gas electron density. The parent ion of these transitions,
Ar**, and the O** have similar ionisation potentials — 40eV
and 35 eV, respectively. Moreover, this emission line ratio can
probe a large range of densities, from ~ 100 to ~ 60 000 cm™ at
excitation temperatures of 15000 K. The range of densities
probed is slightly more restrictive (~ 300 — 57 000) if we assume
a temperature of 10 000 K. Measuring the densities directly can
provide more robust estimates of the mass of ionised gas and
outflow properties, mitigating some of the intrinsic uncertainties
involved in these calculations.

The [Artv] lines are usually weak in AGN spectra
(Riffel et al. 2021b; Binette et al. 2024). In our dataset these
lines are not detected in the individual spaxels. Thus, we use
the r = 1.5 integrated spectra where these lines are de-
tected (see Fig. A.1, where the insets show the region of the
[Ar1v]4711,4740 lines), where it is possible to observe that
doublet is detected in all but two galaxies, J1114+1939 and
J1347+1217. In the sources where it is detected, we fit each
[Ar1v] line by a single Gaussian curve and use their flux ra-
tio as an input for the getTemDen routine in the Pyneb pack-
age (Luridiana et al. 2015), assuming a temperature of 15000 K
(typical value for AGN, Revalski et al. 2022) to derive the elec-
tron density. In Table 2 we present the electron densities mea-
sured for 16 galaxies. Since the [Ar1v] lines are faint and only
detected in the integrated spectra, no broad/disturbed gas com-
ponents are observed (see the insets on Fig. A.1). Consequently,
the derived electron density is likely tracing the overall density
of the galaxy, not specifically the outflow density.

The n, we measure here are in the range 2.67 < logn, <
4.44 with a median value of ~ 5900 cm™>. By assuming an
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excitation temperature of 10 000 K we find that the densities
tend to be lower with a median difference of ~ 500 cm™3,
than the values reported in Table?2. It is noteworthy that the
highest differences arise from the galaxies with densities ~
10*cm™3. Lower excitation temperatures have been found to
result in lower densities in previous works in the literature
(e.g. Bianchin et al. 2026; Cezar et al. 2026). Previous works fo-
cused on the study of QSO2s also estimated n, through various
approaches. Dall’ Agnol de Oliveira et al. (2021) finds 2.08 <
logn, < 2.85,2.93 <logn, < 3.16 and 2.56 < logn, < 4 using
the [S 1], [Ar1v] and the ionisation parameter methods, respec-
tively derived from spatially resolved optical data. A wider range
of values (1.21 < logn, < 4.22) is measured by Holden et al.
(2026) for a sample of 48 QSO2s using the [Su]. These au-
thors also use the TR-method (2.94 < logn, < 4.79) providing a
range closer to ours. In a subset of the same sample, Cezar et al.
(2026) measured 2.6 < logn, < 3.1 using the [Su] method and
3.0 < logn, < 4.1 using the TR method. We find a good agree-
ment between the densities we estimate and the values obtained
by Ramos Almeida et al. (2025) using the [Nev] emission lines
observed in the rest-frame mid-infrared through JWST/MIRI
observations. This sample and ours overlap for three galax-
ies: J1010+0612, J1356+1026, and J1430+1339. These authors
adopt two excitation temperatures (10* and 2 x 10* K) and find
2.8 <logn, <4.07 and 3.1 < logn, < 4.33, respectively.

4.3. Mass of ionised gas

The mass of the ionised gas can be estimated from the
[O m]5007A emission line following

1 L n -1
_ 7 [OI1I] e
Miom = 8x10"Mo ( 10[0/H]‘[0/H]®)(1044erg s ) (500 cm‘3)

ey

where [O/H] is the oxygen abundance adopted to be equal to the
solar abundance, Ljopy) is the luminosity of the [Omr]5007 emis-
sion line and n, is the electron density of the gas (Carniani et al.
2015; Kakkad et al. 2016, 2020). Eq. 1 is derived assuming a gas
temperature of 10*K in a fully ionised gas (Rupke et al. 2005;
Genzel et al. 2011; Carniani et al. 2015). We also use this rela-
tion to estimate the mass of the outflows (M,,;) when taking into
account only the outflow-dominated spaxels (see Sec. 4.4).

Other studies use the HB line as a proxy for gas
masses (e.g. Harrison et al. 2014; Storchi-Bergmann et al. 2018;
Dall’ Agnol de Oliveira et al. 2021). According to the compari-
son presented by Carniani et al. (2015), the masses calculated
using the HB line luminosity are higher than the masses obtained
from [O m]5007Aby a factor of ~ 2 due to the H having a
lower IP and, therefore, an emitting volume ~ 2 larger (see also
Venturi et al. 2023). Thus, the gas masses, mass outflow rates,
and kinetic powers we present here should be interpreted as be-
ing underestimated by, at least a factor of 2. We also assume
that the mass outflow rate is constant over time (see Sec.4.4
and Lutz et al. 2020), thus leading to a factor of 3 that is not
accounted for in our calculations. The other main source of un-
certainty in the mass estimates lies in the electron density (see
discussion above). We mitigate this by adopting our measure-
ments from the [Ar 1v] doublet (Table 3). And when comparing
to measurements from the literature, we assume a typical density
of 10* cm™ (Table A.1) since most of the data points from other
works were normalised to this common density.
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Table 2: Gas properties.

(D 2 3 “4)
Galaxy ne AV Wgo
[cm™] [mag] [kms™']

J0909+1052 3030+ 132 1.06 -

J0945+1737 3888 + 64 0.13 384.3
J0958+1439 2159 + 109 2.50 412.3
J1000+1242 470 + 121 172 2771
J10104+0612 21516+ 1788  2.60 258.2
J1010+1413 27690 + 2141 1.35 757.9
J1016+0028 7610 +304 055  346.0
J1055+1102 25714 + 214 0.94 180.4
J1100+0846 5949 + 908 0.91 159.4
J1108+0659 5103 +11  2.19 -

J1114+1939 - - 255.1
J1116+2200 5127351 131 2707
J1222-0007 5763 +100  0.11 -

J1316+1753 6076 + 41 1.07 307.5
J1347+1217 - 074  671.7
J1356+1026 2043 +119 096  544.5
J1430+1339 2879 + 204 1.80 586.2
J1518+1403  7240+281 147 2395

Notes. (1) Galaxy name; (2) Electron density estimated from the [Arv]
and assuming 7. = 15 000 K; (3) Visual extinction estimated from
the Balmer decrement of extracted nuclear spectra with r = 1.5” (see
Sec. 4.1); (4) Wy threshold. In the galaxy J1114+1939 the sodium
mask is located in the region that includes the [Ar1v] and HB lines. For
J1347+1217 the [Ar1v] doublet is not detected within 3o

4.4. Outflow geometry, mass, rates and energetics

The geometry adopted for the outflow depends on the assumed
outflow history (Lutz et al. 2020). We assume that the mass out-
flow rate is constant and the average mass density decreases over
time. We estimate both the global and peak outflow properties.
In the latter case the mass outflow rate is assumed to be constant
within each shell but variable along the extension of the outflow.

Regardless of the chosen geometry, determining at which ve-
locity the gas can be considered as part of an outflow is challeng-
ing. Different definitions have been adopted throughout the re-
cent literature. They include multi-Gaussian decomposition and
attributing the broadest Gaussian as due to the outflow (e.g.
Bianchin et al. 2022; Riffel et al. 2024; Ramos Almeida et al.
2019, 2022; Speranza et al. 2022; Ramos Vieira et al. 2025;
Revalski et al. 2025, and references therein), the use of the
maximum velocity of the line profile (Rupke & Veilleux 2011;
Dall’ Agnol de Oliveira et al. 2021) or assuming Wg, as a proxy
(e.g. Liuetal. 2013; Harrison et al. 2016; Riffel et al. 2023;
Ruschel-Dutra et al. 2021). Two works determined Wy, thresh-
olds to define outflows in samples of low luminosity AGN
(Wylezalek et al. 2020, 500 km s~!) and type-2 quasars at cosmic
noon (Kakkad et al. 2020, 600 km s~!) for the [O m] line, arguing
that the gas is no longer gravitationally bound at those velocities.
However, Gatto et al. (2024) found that the average Wsy has a
range of 200 —900km s~!, and adopted a threshold of 315 km s~
to define the outflow-dominated spaxels based on Wy, distribu-
tion over the MaNGA AGN sample. These authors argue that
using Wso as a proxy for kinematically disturbed regions ac-
counts for turbulence or radiation heating on the gas, besides
the typical bipolar outflow structures. Such turbulent mecha-
nisms are known to contribute to disturbing the gas, especially in
type-2 QSOs (see Ulivi et al. 2024). Alternatively, Bessiere et al.
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(2024) used the stellar velocity dispersion and compared it with
[O m] velocity dispersion to define the outflow velocity. Also,
Hervella Seoane et al. (2023) compared the parametric and non-
parametric approaches to estimate the outflow related proper-
ties, finding considerable differences between those approaches.
From the simulations point of view, an increase in the outflow
velocity can result in underestimation of the outflow mass by a
factor of 8, implying that the slow moving gas carries a lot of
mass content despite being at lower energies (Ward et al. 2024).
Thus, if adopting only the more conservative single threshold in
Wso can result in the outflow mass being underestimated.

Here, we also adopt a variable Wy, threshold to define the
outflow-dominated spaxels in the galaxies, following the proce-
dure described in Riffel et al. (2023). First, we extract the spec-
tra with an aperture with » = 0.3”, which at the resolution of
our data is unresolved. Then, we fit the [O m]5007A line by up
to three Gaussian functions. Finally, we assume Wgy = 2.5630,
(see Liu et al. 2013, for the Wg,), where o, is the velocity dis-
persion of the narrowest component, as the threshold to define
the outflow-dominated spaxels in each galaxy. Table 2 includes
the thresholds we adopt to define the outflow-dominated spax-
els. The average of the Wy, values is 376 km s~ 'with a stan-
dard deviation of 176 km s~!, similar to the value determined by
Gatto et al. (2024). The mass of the outflowing gas, and there-
fore the quantities derived from it, is determined considering
only spaxels with Wg, higher than the thresholds presented in
Table 2 in Equation 1.

4.4.1. Global properties

For the spherical geometry, the mass of the outflow (M) is
given by the sum of the ionised gas mass in each spaxel with
Wso higher than the threshold presented in Table 2. Following
our previous assumption of a constant mass outflow rate over

time, the mass outflow rate M5, in a sphere of radius RS, is

given by
: MOU VOU
My = =g &)
out
with the RS | defined as
RouF
RE, = {RoutFrom) 3)
(Fiom)

where Ry is radius of of each outflow-dominated spaxel mea-
sured from the nucleus, i.e. the peak of the continuum emission,
in each galaxy, Fjony is the [O 111]5007A line flux in each spaxel,
and V, is the velocity of the outflow given by

(WgoFrom)

Vou = ————1—
(From)

Where Wg, is also the value measured in each outflow-

dominated spaxel.
The kinetic power of the outflows is calculated by

“

. 1.
E§u1 = EMgutvgut' 5
Here we are using a similar definition of REm and Vg, as

those presented in Riffel et al. (2023). We estimate RS, and Vi
using the flux average values as presented in the equations above,
meaning that spaxels with higher fluxes have a larger contribu-
tion to the radius and velocity. This strategy aims to reduce the

: Ionised Outflows in type 2 QSOs with MUSE data

contribution of spurious features that may still be present on the
kinematic maps. We estimate flux, therefore mass, uncertainties
by adopting the root mean square of the residuals from the fitting
in each spaxel and using it within the formal error calculation.
For the velocity uncertainties, we obtain uncertainties in the Wy
by calculating its standard deviation of the Wy, and then dividing
it by the number of data points with valid measurements.

We emphasise that adopting the flux-weighted Wy is just one
among the different definitions of outflow velocity. In the litera-
ture, one of the most common definitions involve attributing the
centroid velocity of the broadest Gaussian component to the out-
flow (e.g. Fischer et al. 2018; Bianchin et al. 2022; Cezar et al.
2026).

4.4.2. Peak properties

In the spherical shell geometry, we estimate the mass outflow
rate and kinetic power at individual rings with a size ARy, =
0.6”. With such a choice, the innermost extraction is a circle
with a diameter of 1.2”, which is larger than the spatial res-
olution of our data (see Table 1). This radius choice is mo-
tivated by the size of the spaxel (0.2"”) and the angular res-
olution of the data, meaning that the first ring, has a diam-
eter larger than the highest data angular resolution (see Ta-
ble 1). These rings, or shells, are concentric with the nucleus
position. We follow the definitions of Shimizu et al. (2019),
(see also Dall’ Agnol de Oliveira et al. 2021; Riffel et al. 2023;
Venturi et al. 2023) to derive the outflow-related quantities. In
this geometry, the mass outflow rate in each radial bin is given
by

ring
b Mo Vo
out —

) (6)
AROllt

where the M., £ is the mass encompassed in each radial bin and
the velocity Vi, is the azimuthal average of Wy, in each radial
bin. The kinetic power of the outflow is calculated following
Eq. 5 for each radial bin.

Figure 5 presents the outflow velocity (top panel) and mass
outflow rate (bottom panel) for all galaxies. From the mass rate
profiles, we define the peak radius of the outflow (R’ ) as the ra-
dius where M,y reaches its maximum, hereafter M" . The peak
kinetic energy (radial profiles not shown here) is also defined as
the energy at which the My, is maximum. In all cases, the peak
coincided with the innermost ring, suggesting the nuclear region

(< 2kpc) contributes the most to the outflows. We also note that
. . peak .

using these assumptions, V,, does not necessarily correspond

to the highest value in the velocity profile (see Figure 5) but in-

stead to where the mass outflow rate is the highest, which is ul-

timately governed by the mass radio profile of the outflowing

gas.

5. Discussion
5.1. Outflowing gas properties in context

In Table 3 we present radius, velocity, mass, mass outflow rate
and kinetic powers derived using the two methods : global and
peak (see Sec.4.4.1 and 4.4.2); and considering the densities esti-
mated from the [Ar1v] lines. The mass outflow rates and powers
assuming n, = 103cm™3, used for the comparison with literature
results, are presented in Table A.1. For the two galaxies where
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Table 3: Outflow properties considering the global and peak methods.

Global Peak
e () 3) “4) ) (6) @) (®) 9) (10)
Galaxy log Moy RS, Ve, log M2, log E%, R, v log M? log £},
[Mo] kpc]  [kms']  Moyr'  fergs'] [kpe]  [kms’'] Moyr  fergs ']

J0945+1737 5.94x031 631+4.02  965:82  -0.87+0.61 40.60x0.61 1.37 842412050 -0.81+025 40.54=0.25
J0958+1439  6.84+0.02 1.45+0.02  813+2  0.59+0.02 41.91+0.02 1.19  802.53+0.62  0.20+0.02 41.51+0.02
J1000+1242  7.55+0.11 5.97+0.13  677+5  0.62+0.11 41.78+0.12 1.55  828.7+027  0.61+0.12  41.95+0.12
J101040612  5.58+0.06 1.25+0.10  1342+6  -0.38+0.09 41.38+0.10 1.09  1319.9+0.68 -0.77+0.06 40.97+0.06
J101041413  5.85+029 2.57+1.00 1460446 -0.38+0.46 41.45+0.48 197 1483.81+0.77 -0.69+0.34 41.15+0.34
J101640028  5.61+0.02 5.59+0.11  586+3  -1.36+0.02 39.67+0.02 126  626.6+026  -1.53+0.03 39.57+0.03
J1055+41102  5.25+0.01 2.90+0.06  449+1  -1.55+0.01 39.25+0.01 1.52  626.6+026 -1.77+0.01 39.04+0.01
J110040846  5.98+0.12 1.78+024  1057+14 -024+0.17 41.31+0.18 1.11  1062.25+0.57 -0.43+0.15 41.12+0.15
J111441939*  6.07+0.12  3.31+090  626+27  -0.64+0.18 40.45+021 197  613.75+041 -1.01+0.24 40.06+0.24
J111642200  5.93+0.03 3.27+0.04  485+2  -0.89+0.03 39.98+0.03 1.51  525.39+0.32 -0.96+0.03 39.99+0.03
J131641753  6.11+0.03 2.34+0.15  930+18  -0.28+0.06 41.1620.08 157 864.87+0.51 -0.64+0.04 40.73+0.04
JI34741217°  621+1.15 1.74+3.00 2466+333 0.37+1.91 42.65+2.01 131 2535.93+1.99 0.10+1.10 42.40+1.10
J1356+41026  6.38+0.06 5.41+0.32 74112  -0.48+0.08 40.76+0.09 133  794.17+0.24  -0.50+0.09 40.80+0.09
J143041339  6.51+0.06 1.18+0.05 774+20 0344006 41.62+0.08 096 840.41+048 0.01+0.07 41.35+0.07
J1518+1403  5.53+0.02 2.08+0.07  496+2  -1.08+0.04 39.81+0.04 147  496.34+0.33 -1.38+0.03 39.51+0.03

Notes. (1) Galaxy name; (2) Mass of the outflowing gas; (3)-(6) global outflow radius, velocity, mass rate and kinetic power; (7)-(10) same as
(3)-(6) for the peak properties. The values displayed here use the [Ariv] 4711,4740 derived electron densities to estimate the mass and derived

quantities. * The outflow properties in these galaxies are derived assuming n, = 103cm™ as the [Ar1v] lines are not detected (see Sec. 4.2.)

the [Ar1v] is not detected, we include the values measured using
n. = 10°cm™ in Table 3.

When adopting the electron densities derived from [Ar 1v],
we obtain global masses, mass outflow rates, and kinetic pow-
ers in the ranges 5.25 < logM: /My < 7.5, 0.03 <
ME /Mo yr™" < 4.17, and 39.25 < logE}, /fergs™ < 4191.
While by assuming the n, = 10°cm™ we obtain 6.07 <
log M, /My < 7.3,0.23 < M2, /Mg yr™! < 11.48 and 40.55 <
log Y, /ergs™' < 42.25 which are systematically larger than
the values derived using the [Ar1v] density. A similar com-
parison can be made when looking at the same adopted den-
sity but with the outflows properties calculated using different
methods. Figure 6 illustrates this behaviour, where the filled cir-
cles are obtained adopting the 10°cm™ density, and the open
points the [Ar1v] density, and the different colours correspond
to the global and peak values (see Sect. 5.3 for more details).
Ulivi et al. (2024) measured mass outflow rates that are approxi-
mately one order of magnitude higher than the values we obtain
here for four galaxies in our sample. We attribute this discrep-
ancy mainly to the lower n, they report for three of the galaxies,
derived from [Su] doublet. These authors also find larger mass
outflow rates and kinetic powers. An interesting case of a close
agreement is J1010+1413, which has a similar outflow veloc-
ity, mass loss rate, and powers when we assume n, = 103cm™3,
despite the authors adopting different prescriptions for the mass
calculation and an electron density of n, = 360 cm™ estimated
from the [S 1] lines. Bessiere et al. (2024) obtained the mass out-
flow rates and kinetic powers for a sample of 48 type 2 local
(z < 0.2) QSOs using SDSS spectra. They obtain the electron
densities via TR-method which are in close agreement to ours
(see Sec.4.2). The mass outflow rates and powers derived by
these authors fall within the range we measured here, although
the mass outflow rates tend to be higher. Speranza et al. (2024)
performed a spatially resolved study of a subsample of 5 of the
QSOs from Bessiere et al. (2024), three of which overlap with
our sample, using GTC-MEGARA. These authors adopted elec-
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tron densities from the TR-method, and also obtain values in
good agreement to our measurements. Cezar et al. (2026) obtain
a similar range of mass and mass outflow rate from the ionised
gas for a sample of 6 type 2 QSOs observed with the long slit
spectograph GTC-EMIR (see the discussion about the densities
adopted in Sec.4.2). Such matches, occurring even with differ-
ent mass and velocity prescriptions, highlight the uncertainties
inherent to the outflow properties calculations, with one of the
main contributors being the electron density.

We also emphasise that even though the mass outflow rates
and powers are not always in agreement with the literature val-
ues at the individual source level, as mentioned above, they agree
with other works designed to study type 2 quasars, and are in the
order of magnitude of the results in samples of z ~ 0.3 luminous
(Lbor ~ 10%erg s~") quasars (Dall’ Agnol de Oliveira et al. 2021;
Hervella Seoane et al. 2023) and with cosmic noon sources at
similar luminosities (Kakkad et al. 2020). For luminous Ly, ~
10¥7% at z > 3, Bertolaetal. (2025); Venturi et al. (2025)
also find higher mass outflow rates and powers, reaching up to
~ 500 Mpyr~! and ~ 10*¥erg s~!, deriving adopting a common
n, = 10°cm~>thorough the whole sample. The values we de-
rive here, are also higher than those derived for a sample of
local Seyfert galaxies (log Ly, ~ 41 — 45ergs™!) using rest-
frame optical and near-IR observations (Ruschel-Dutra et al.
2021; Riffel et al. 2023), highlighting how the outflows carry
more mass and energy when driven by more luminous AGN (e.g.
Fiore et al. 2017).

5.2. Outflow radial profiles

Figure 5 presents the velocity and mass outflow rate radial pro-
files. As a general trend, the mass outflow rate decreases from the
centre towards the outer regions of the galaxies. We also observe
the same behaviour in the mass radial profiles (not shown here).
The simulations from Costa et al. (2018) showed that clouds of
cool emitting gas are are eventually destroyed or slowed down
in the halo. We interpret that our observations are consistent i)
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Fig. 5: Top panel: Outflow velocity radial profile. Bottom panel:

mass of the gas in the outflow radial profile assuming a density of

n, = 103 cm™3. The velocities are insensitive to our choice of electron density.

the destruction of [O m] emitting clouds; ii) differences in the
mass-to-light ratios used to estimate the gas masses or even iii)
that the AGN cannot excite the [O mi] at such large radii.

The velocity profiles are complex, suggesting acceleration of
outflow in different regions, different outflow episodes or vary-
ing density along the outflow (Zubovas & Tarténas 2025). The
peak of the mass outflow rate coincides with the central radial
bin. Venturi et al. (2023) also identified this decreasing mass out-
flow rate profile in a detailed analysis of the J1430+1339 MUSE
data. However, the mass outflow rates determined by those au-
thors are higher than the values measured here, mainly due to
the choices of electron density estimators ([S 1] in their case),
their outflow velocity definition, and the use of the H, flux to
obtain the mass of the outflow (see Sec. 4.4). Although the val-
ues obtained by these authors using the [O m] flux to estimate
the mass are also higher than ours. This trend of decreasing
mass outflow rate is also seen in local Seyferts (e.g. Venturi et al.
2018; Revalski et al. 2018, 2021), while others, with a more lim-
ited field of view and higher spatial resolution, did not identify
this trend (e.g. Shimizu et al. 2019; Dall’ Agnol de Oliveira et al.
2021; Riffel et al. 2023). We emphasise that the radius of the
peak outflow is simply the radius at which the mass outflow
rate peaks, which is smaller than the global radius (Table 3).
Given our choice of the shell radii and the results from pre-
vious works (Venturi et al. 2023), we interpret that the out-
flows are accelerated in the innermost regions of the galaxies
(< 1kpc), not probed here due to the limited spatial resolution.

Marconcini et al. (2025) identified this small-scale acceleration
in a sample of local Seyfert galaxies, where they were able to
probe regions < 1 kpc.

Some galaxies display distinct features on the mass outflow
rate radial profiles: In the case of J1316+1753 has a discontinu-
ity on the radial profile which is due to the ionised blueshifted
cloud to the south-east of the centre of the galaxy. Girdhar et al.
(2022) also note the presence of this cloud in the MUSE data but
they do not analyse its kinematics and point out this cloud can
be reminiscent of a previous outflow event (Lintott et al. 2009;
Keel et al. 2012b, 2019). J1356+1026 has [Omi] flux associated
with high Wgy in a small blob to the east of the tail that con-
nects the main galaxy and its companion. In the radial profiles,
this region corresponds to the points between 45 and 50 kpc.
J1356+1026 is known for hosting powerful quasar-driven out-
flows (Greene et al. 2012; Somalwar et al. 2020) and one of the
most extended high-ionisation emitting regions (Bianchin et al.
2026), so this feature could be associated with a previous outflow
event as in J1316+1753.

5.3. Origin of the outflows and influence on the host galaxy

In Figure 6 we present a comparison of our mass outflow rates
and kinetic power with the literature. We adopt n, = 10° cm~>as
the standard electron density for our measurements (filled
orange and green symbols), and we use the compilation

from Riffel et al. (2023) with scaled values to this com-
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Fig. 6: Mass outflow rates and kinetic power versus AGN Ly,
on top and bottom panels, respectively. The filled symbols cor-
respond to the values obtained assuming n, = 10°cm™3and
the open symbols to the ones obtained with the [Artv] n,. The
grey dots are values from the literature and up and down trian-
gles from Riffel et al. (2023, and references therein) indicating
the global and peak values in that work, respectively. The dia-
monds indicate the values from the QSO2s from Bessiere et al.
(2024). The dotted and black lines indicate the relation derived
by Fiore et al. (2017) and Cezar et al. (2026), respectively. The
blue lines on the bottom plot correspond to Eyi, = Luo (dotted),
Eyin = 0.1 X Lyg (solid) and, Eyi, = 0.0001 X Ly (dot-dashed).

mon density. Riffel et al. (2023) scaled the values presented
in Fioreetal. (2017) and measurements from spatially re-
solved studies of QSOs (Dall’Agnol de Oliveira et al. 2021;
Kakkad et al. 2020; Vayner etal. 2021) and Seyfert galax-
ies (Riffel & Storchi-Bergmann 2011a; Riffel etal. 2009;
Schnorr-Miiller et al. 2014, 2016; Riffel & Storchi-Bergmann
2011b; Riffel etal. 2015; Miiller-Sanchez etal. 2011;
Shimizu et al. 2019; Diniz etal. 2019; Barbosaetal. 2014;
Riffel 2021; Couto et al. 2020; Riffel et al. 2018; Bianchin et al.
2022). These values are represented as the grey dots in Fig.6.
Our comparison includes the mass outflow rates and kinetic
powers calculated in Riffel et al. (2023) as these authors use a
similar method to ours for analysing the outflows for a sample
of hard X-ray selected nearby active galaxies (grey triangles in
the plots). We also include the results obtained by Bessiere et al.
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(2024) for a sample of z < 0.14 type 2 QSOs observed by
SDSS where the densities were measured using the TR-method
(gray diamonds). We obtain the bolometric luminosity (L) for
our data using the Liony values SDSS measurements (Tab. 1)
and the correction from (Heckman et al. 2004), which tends to
result in higher Ly, than if estimated from other methods (see
Jarvis et al. 2021).

The mass outflow rates and kinetic powers are in agreement
with the values obtained in the literature for galaxies at simi-
lar luminosities (see Sect.5.1), but with the values of M, from
Bessiere et al. (2024) being consistently higher than ours. How-
ever, our measurements and the scaled values from the literature
lie below the correlation found in Fiore et al. (2017, dashed line
in the top panel of Fig. 6). Our measurements display a greater
agreement with the relation obtained by Cezar et al. (2026),
where they fit My versus Ly, in a sample of type 2 QSOs.

Fig. 6 also shows My, and E;, values obtained using the
[Ar 1v] densities. Our measured densities tend to produce mass
outflow rates and kinetic powers ~ ldex lower than with n, =
10> cm™3. The densities derived using different observational
tracers, or assumed uniform values, might produce overesti-
mated outflow masses, and therefore My, and Ejp, by a few
orders of magnitude (see Almeida et al. 2026, and references
thererin). However, high density gas (which we are tracing here)
might be a small fraction of the total mass that is outflowing
(dominated by lower density, slower material), as pointed out in
Ward et al. (2024); Almeida et al. (2026).

We also estimate the fraction of gas in the outflows given
by Mout/Mion, Where Moy, is the sum of the mass in the spaxels
with Wg above the threshold present in Table 2, and M;,, cor-
responds to the total mass of the [O m] emitting gas calculated
according to Eq. 1. We obtain fractions of gas in the outflow in
the range of 60-100%. Such high values can be explained by
the fact that we adopt the total [O 111]5007A line flux to estimate
M.y, instead of the, perhaps, more realistic scenario where only
the the broad component is accounted for as outflow. Thus our
results are much larger than the inferences from previous works.
Ulivi et al. (2024) measured 25 to 60% of the gas in the outflows
for J1000+1242, J1010+1413, J1010+0612, J1100+0846. For
local Seyfert galaxies in which ionised outflows, traced by the
Bry emission, are observed, fractions of 42—84% (Bianchin et al.
2022), and up to 60% are observed (Riffel et al. 2023). However,
if instead of adopting the thresholds mentioned above, we use the
fixed limit of Wgy > 600kms~!, we obtain 36-100% of the gas
in the outflows, and two galaxies are considered to have no out-
flowing gas: J1055+1102 and J1518+1403. These two sources
have the lowest outflow velocities (Table 3), the first had its ra-
dio emission associated to an AGN origin recently (Njeri et al.
2026) while for the second, the radio emission is not known to
be associated with an AGN (Jarvis et al. 2021). Thus, the entire
mass of the [O m] being carried in the outflows for these two
galaxies might be an oversimplification and our method not ap-
plicable in such cases.

The blue lines in the bottom panel of Figure 6 represent the
different fractions of Ey, with respect to Lyo. The dot-dashed
line corresponds to Eyi, = 0.01%Ly and is the most consis-
tent with our measurements. Such a result is a direct account of
the coupling efficiencies of the outflow (g, = Ein/Lpor) pre-
sented in Table 4. In theoretical models, coupling efficiency,
the fraction of energy released by the AGN that couples with
the interstellar medium, is predicted to be as small as 0.5 % of
the AGN bolometric luminosity (Hopkins & Elvis 2010) or re-
quire higher values of 5% (e.g. Di Matteo et al. 2005; Zubovas
2018). The coupling efficiency encompasses all forms of energy
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Table 4: Outflow gas fraction and kinetic efficiencies.

€)) (2) (3) )
Galaxy Mout/Mion  10g g(ar1v] log £103
J0945+1737 0.94 -5.61 £0.67 -5.02 +0.67
J0958+1439 0.99 -4.15+0.02 -3.82+0.01
J1000+1242 0.96 -439+0.12 -4.72+0.03
J1010+0612 1.0 443 +£0.10 -3.10 +0.09
J1010+1413 0.84 524 +£048 -3.80+0.48
J1016+0028 0.88 -6.05+0.02 -5.17+0.01
J1055+1102 1.0 -6.81 £0.01 -5.40+0.01
J1100+0846 1.0 -495+0.18 -4.17 +£0.16
J1114+1939 0.96 - -5.40 +£0.21
J1116+2200 1.0 -594 +£0.03 -523+0.01
J1316+1753 0.97 -5.16 £ 0.08 -4.38 +£0.08
J1347+1217 1.0 — -3.15+2.01
J1356+1026 0.87 -5.52+£0.09 -5.20 +0.09
J1430+1339 0.63 -4.55+0.08 -4.09 +0.07
J1518+1403 0.98 -5.87 £0.04 -5.01 £0.03

Notes. (1) Galaxy name; (2) fraction of outflowing ionised gas; (3)-(4)
kinetic efficiencies considering the [Ariv] and 10°cm™ densities and
adopting the global measurements in Tables 3 and A.1.

released by the AGN, from the kinetic power of gas outflows
in its multiple phases to the gas heating by the accretion disk
radiation field. As pointed out in Harrison et al. (2018, see also
Ward et al. (2024)), a direct comparison between the kinetic cou-
pling efficiency and the coupling efficiencies derived from the
models is not straightforward. We are not estimating the total
contribution to the energy injected by the AGN into the ISM,
only the kinetic part of it. Thus, the low kinetic coupling effi-
ciencies presented in Table 4 are not unexpected. Also, the equa-
tion adopted for estimating the kinetic power (Eq.5) does not
include the velocity dispersion term of %0'2. Even using the Wgg
as an estimator of the outflow velocity, some turbulent contribu-
tion to the energy input into the ISM might not be accounted for.
Another caveat of our study is the limitation to one gas phase,
when, in fact, the molecular gas accounts for most of the gas
mass in the galaxies (e.g. Fiore et al. 2017; Veilleux et al. 2020;
Fluetsch et al. 2021; Harrison & Ramos Almeida 2024) and the
outflows in this colder phase, as traced by the CO transitions
observed with ALMA, can have higher powers and therefore
efficiencies than the ionised phase (e.g. Feruglio et al. 2010;
Ramos Almeida et al. 2022; Audibert et al. 2025). Despite these
results from observations, simulation works show that whilst
the cold phase might be carrying most of the mass, it is actu-
ally likely to not be dominating the energy content (Ward et al.
2024). Thus, all kinetic powers and efficiencies obtained in this
work are merely lower limits to the total energy injected by the
AGN into the ISM. Also the [O m] gas we are tracing here is in
a relatively high density environment and can therefore be cold,
and be carrying a limited fraction of the total energy according to
simulation predictions (Ward et al. 2024; Almeida et al. 2026).

5.4. The relation between electron density and outflow
velocity

Figure 7 shows n, based on [Ar 1v] lines we measure in this work
versus Vo for the global and peak methods. The grey shaded
area corresponds to galaxies with Vi, < 630 km s~1, where there
is clear scatter of the electron density values. When considering
only the values with velocities higher than this threshold, there is

a clear positive correlation between these two quantities. We fit
a linear correlation, indicated by the dashed line in Fig. 7 to the
combined global and peak data points with Vyy > 630 kms™!.
We exclude the 4 galaxies at the lower V, end from the linear
fit, as indicated by the gray region in Fig. 7. This cut is moti-
vated mainly because two of the are not outflow-dominated per
the Wy > 600 kms™! criterion (J1055+1102 and J1518+1403,
see Sect. 5.3) or they most of the disturbed kinematics might be
associated with the merger (J1016+0028) or have one of lowest
outflow velocity and no AGN origin to its radio emission (see
Appendix A.1). If we consider only the peak or global veloci-
ties, above the V,, threshold, the correlation is still present but
it is weaker than the one with the combined data points.
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Fig. 7: Electron density derived from the [Ar1v] line doublet
versus outflow velocity derived using the two different methods.
There is a clear positive correlation between the two quantities.
The dashed line corresponds to the linear fit to the data, and the
grey region represents the data points excluded from it which
have Vg < 630kms™'.

In recent simulation work, Almeida et al. (2026) found that
the gas density (nyg) shows a positive correlation with Lagn for
simulated galaxies with 43 < log Lagn(erg s™!) < 47. Since n,
is often a direct proxy for ny and Ly =~ Lagn, We test whether
this correlation is also present in our sample. Probably due to the
small range of luminosities covered (45.8 < log Lyoi(erg s™!) <
46.7), we find no correlation between n, and Ly, . Within this
range of luminosities, Almeida et al. (2026) observe the largest
scatter in their relations when considering all the outflowing cool
gas (T ~ 10* K) clouds in their simulations.

The underlying assumption on Almeida et al. (2026) simu-
lations is that wind power scales with Lagn, which we also see
in our data and in overall observational results (see Fig. 6 and
Sec. 5.3). Costa et al. (2020); Ward et al. (2024); Almeida et al.
(2026) showed that outflow velocity, e.g. traced by gas at T ~
10*K (which is the typical [O m1] temperature), scales with wind
power, and therefore with Lagn. Therefore, although indirect,
the correlation of n, and V,,, we find here is consistent with hy-
drodynamical simulations of AGN-driven outflows propagating
through the ISM.
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A possible physical interpretation for the correlation we
observe may be related to a stronger compression of the
ionised gas clouds (higher n, should imply higher ny) induced
by stronger AGN-driven outflows. A similar effect was ob-
served in simulations, but at much smaller outflow velocities
(Lauzikas & Zubovas 2024, V< 400 kms™!). A deeper inves-
tigation of the implications and physical origins of this relation,
as well as the expansion of the sample to check if it is still present
at other Lagn is beyond the scope of this paper.

6. Conclusions

We studied a sample of 18 type 2 QSOs observed with
VLT/MUSE at spatial resolutions 1 — 3 kpc with a field-of-view
of tens of kpc that are part of the QFeedS project. All galax-
ies where the [O 111]50071& line can be observed (15 galaxies)
present disturbed kinematics based on our criteria of spaxels
with Wy larger than the value of the narrow component mea-
sured at the nucleus (Sec. 4.4). We assume these motions are
due to AGN-driven outflows and measure their related proper-
ties. We also obtain integrated ionised gas properties, whenever
possible, for the entire sample. The main conclusions from our
work are summarized below.

The highest Wy, values and the radio peaks/hot-spots are co-
spatial in most galaxies (Fig. 3). This is also the case even
when the Wy and the radio jet are displaced from the peak
of the [O m]5007A emission. We note that this is simply a
qualitative assessment, but informs how the radio jet and the
disturbed motions might be connected.

The stellar continuum and emission-line flux distributions
are distinct (see Figs. A.2-A.16). In some cases, the gas com-
ponent shows signatures of disruptions and/or of gas out-
flows, whereas the continuum traces the stellar bulges and
disks.

Electron densities are derived from the [Ariv]114711, 4740
emission lines, detected only in the integrated spectra (r =
1.5”), yielding values in the range of ~ 500-27 700 cm™>,
with a median of ~ 5900 cm™> (see Table 2). These densities
lead to a reduction of approximately ~ 1 dex in both mass
outflow rates and kinetic powers relative to the commonly
assumed value of 103 cm™ for all galaxies (see Fig. 6).

The peak of the mass outflow is concentrated in the in-
ner 2kpc with a general trend of decreasing radial profiles
(Fig.5). The velocity and mass profiles indicate that dis-
turbed motions extend up to tens of kpc, although at such
distances, the presence of [O mr]-emitting gas might not be
connected to the outflow. The general decreasing trend on
the profiles might come from the destruction of the clouds
at larger radii or simply that the radiation from AGN is not
capable of ionising the gas at those distances.

— A tight positive correlation is observed between n,, obtained
from the [Ariv] doublet, and Vo for Vg, > 600kms™" (see
Fig. 7). Although no exact prediction is available, this trend
is likely consistent with recent simulations of quasar out-
flows, which show correlations between Ly, and both the
density and V. This behaviour may be linked to the com-
pression of [O m] emitting clouds at higher outflow veloci-
ties. A deeper analysis is needed to understand if such a sce-
nario is physically plausible and if this correlation still holds
in other samples of galaxies with AGN-driven outflows.

ma The results presented in this paper highlight how den-
sity measurements obtained with different methods/tracers
impact the outflow-related quantities derived, by at least an
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order of magnitude. The relation between n, and Vo, ob-
tained here for the first time, should be validated in samples
encompassing galaxies with a wider range of L. Such tests
would also make it possible to verify the relation between 7,
and Ly, predicted by simulations (Almeida et al. 2026), and
to assess whether empirical correlations among other quan-
tities are also present. Moreover, a refinement of these cor-
relations may provide valuable observational constraints for
realistic simulations.
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Appendix A: Supplementary material
A.1. Comments on flux and kinematic maps

Figure A.1 shows the extracted spectra (r = 1.5”) for the 18
galaxies in the sample. The most prominent emission lines are
labelled and the insets show the region where the [Arrv] doublet,
used for the electron density measurements (see Section4.2) is
observable. Table A.1 provides mass outflow rate and kinetic
power for the Global and Peak methods assuming a density of
10° cm=3.

Figures A.2-A.16 present Vi eq, Vio, and Voo maps in addition
to the [O 111]5007A flux and local continuum maps for all the 15
galaxies with the [O mi] line available. Figure 3 shows the Wsg
maps for the same galaxies. The local continuum is the average
of the fitted linear polynomial within a window of 2000 km s~ in
aregion centred at 4980 A in the rest frame. The local continuum
maps can be linked to the distribution of stars in the galaxies, as
they are the main source of continuum emission at optical wave-
lengths. The flux maps are simply the combination of the fluxes
of the [0 m]5007A Gaussian components. The flux maps pre-
sented here are extinction corrected using the values from Table
2. The grey regions indicate where the signal-to-noise ratio in
any of the three components is lower than three.

The continuum and [O m] distributions have distinct mor-
phologies: the former traces a more extended structure than the
latter, even with the presence of spiral arms (see Fig. A.12, for
example). The orientations of the continuum and ionised gas dis-
tributions are also different, indicating that the stellar and gas
have different dynamical timescales in systems heavily influ-
enced by AGN and merger phenomena.

We note that the [O m] V., appeared shifted, with respect
to the systemic velocities inferred from SDSS redshifts, in our
initial maps. The discrepancy is in ~ 100kms~' in all galax-
ies. A similar behaviour was also reported by Jarvis et al. (2019)
when analysing the GMOS data for a subsample of 9 targets. To
correct for this effect, we calculated the mean Ve, in a circu-
lar aperture with the diameter of the data angular resolution (last
column of Table 1) centred at the nucleus and subtracted it from
the Veen, Vig and Vg velocity fields presented here. This correc-
tion does not affect our quantitative results, as the outflow veloc-
ity is purely based on the Wy, parameter and is applied to help
guide the discussion and interpretation of the kinematic maps.

The velocity fields and Wg, maps are complex, especially
in the galaxies with clear signatures of ongoing or previous in-
teractions. The most notable cases are: (i) J1000+1242 with
double nuclei observed in the high resolution HST imaging
(Jarvis et al. 2019), a pronounced tidal tail as seen on MUSE
(Fig. A.4) and also reported by Ulivi et al. (2024), and molecular
filaments with complex velocity structures (Girdhar et al. 2024);
(i1) J1016+0028 (Fig. A.7) shows a double-peak on the contin-
uum image, identified as dual nuclei in r-band imaging, putting
this galaxy as a pre-collapse merger (Pierce et al. 2023, and
references therein). It also shows prominent extended features
on the [O m] flux map resembling tidal tails; (iii) J1356+1026
(Fig. A.14 has two nuclei and a companion located ~ 50 kpc
away (Greene et al. 2012, and references therein). A tidal tail
connecting the companion to the main galaxy is clearly visible
in the [O m] flux map (see also Ulivi et al. 2024), and the out-
flowing bubble identified by Greene et al. (2012) coincides with
the SE region where we identify the highest Wy, values. This
feature can also be partially seen in Speranza et al. (2024) but is
limited due to the smaller FOV of their observations with GTC-
MEGARA. This galaxy also shows one of the most extended

coronal line emitting regions of 13-15.5 kpc, which is excited by
the AGN radiation field (Bianchin et al. 2026).

A remarkable mention is J1430+1339, the Teacup galaxy.
This source is the most well-studied galaxy in our sample in
a multitude of wavelengths, from X-ray, to optical, infrared,
millimetre, and radio (e.g. Keeletal. 2012a; Gagne et al.
2014; Harrisonetal. 2015; Ramos Almeidaetal. 2017;
Lansbury et al. 2018; Girdhar et al. 2024; Villar Martin et al.
2024; Audibert et al. 2023, 2025). In our data, we observe
the shell structure on the continuum, as previously reported
by Venturi et al. (2023), which is linked to previous merger
events. The classical Teacup handle is clearly observed in the
[O m] flux map, and it aligns with the extended radio emission
(Harrison et al. 2015, and Fig. 2). Besides the “handle”, we
also observe another extended bubble to the east of the nu-
cleus, each of them associated with a previous AGN outburst
(Venturi et al. 2023). The highest Wgy close to the nucleus,
and previous works observed ionised gas AGN-driven outflows
(Ramos Almeida et al. 2017; Harrison et al. 2015; Venturi et al.
2023), although the Vi is not as extreme as in other sources,
ie. J1347, and V., resembles a rotation pattern due to its
symmetrical features and not extreme velocity amplitudes
(300 kms™1).

The other well-studied galaxy in our sample is J1347+1217,
also known as 4C12.50 and PKS1345+12 (see Figs.3 and A.13).
It is the source with the most extreme kinematics with Wy reach-
ing ~ 2600kms~! (Holt et al. 2003; Bessiere et al. 2024) and
Vio up to —2000 km s~'. Two nuclei are observed in the con-
tinuum image, and previous works associated them with an on-
going merger (Emonts et al. 2016; Tadhunter et al. 2018). The
radio emission, linked to a radio AGN, appears only in the west-
ern nucleus (Evans et al. 1999; Jarvis et al. 2021, see the radio
contours in Figs. 2 and 3). This is also the case for [O m] emis-
sion (Fig. A.13) and the cold molecular gas (Holden et al. 2024;
Audibert et al. 2025). There are no signatures of hot (> 2000 K)
molecular gas outflows in this galaxy, which is being excited by
a shock induced by the radio jet (Villar Martin et al. 2023). Al-
though the V., field could resemble rotation, it has amplitudes
of ~ 400kms~! and the zero velocity line does not coincide
with the peak of the [O m] or continuum emissions. In combi-
nation with the extreme line widths, this leads us to interpret
that the [O m] gas emission is outflow-dominated in agreement
with previous spectroscopic work (Holt et al. 2003). However,
Villar Martin et al. (2023) concluded that despite the extreme
outflows, there is no evidence for star formation suppression in
this galaxy.

The peak of radio emission is co-spatial with the peak of the
[O m] flux distribution in 15 of the 18 galaxies in our sample.
This behaviour has already been reported by Jarvis et al. (2019)
for the subsample of 9 sources and in Jarvis et al. (2021) for the
complete QFeedS-1 sample. The three exceptions to this trend
are J1016+0028, J1116+2200 and J1055+1102. In J1016+0028,
only the radio lobes are observed. Jarvis et al. (2021) postulated
the possibility that the radio emission is linked to a hidden jet.
This scenario is confirmed by deeper radio imaging revealing the
previously hidden jet (Silpa et al. in prep), which connects the
lobes and trails the extended ionised gas emission (see Figs. 2
and A.7). However, for J1116+2200 and J1055+1102, the peak
of the radio emission is displaced from either the peak of the
[O m] and continuum emission. For the former, the small ra-
dio knot seen in the high resolution imaging (gray contours in
Fig.2) extends along the larger [O m] cloud Jarvis et al. (2021).
However, the AGN origin of the radio emission remains uncon-
firmed (Njeri et al. 2025). In J1055+1102 the radio emission is
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extended along the direction of the [O mi] emission (Figs.2 and
A.8). Deeper radio imaging from Silpa et al. (in prep.) confirms
this trend, and Njeri et al. (2025) confirmed that there is a radio
AGN in this galaxy. Notably, J1116+2200 and J1055+1102 have
the lowest outflow velocities in our sample (Tab. 3).

We also note that the jet-like structures observed in ra-
dio, especially in the high-resolution images, are perpendicu-
lar to the direction with the highest Wy, values in J0958+1439,
J1000+1242, J1010+1413, J1316+1753, J1430+1339, and
J1518+1403. Similar structures have been identified in the
nearby Seyfert galaxies (e.g. Coutoetal. 2013; Riffel et al.
2014; Lena et al. 2015; Finlez et al. 2018; Venturi et al. 2021;
Bianchin et al. 2022) and interpreted as equatorial outflows.
Riffel et al. (2021b) found strong evidence for high electron
temperatures perpendicular to the ionisation axis of the galaxy
that AGN photoionisation models cannot reproduce. The high-
temperature regions are spatially coincident with regions with
high emission line widths, favouring the interpretation of wide-
angle shocks in the ISM. Venturi et al. (2021) also analysed lo-
cal Seyfert galaxies and observed the same features. In these
cases, the velocity dispersion is enhanced perpendicular to the
ionisation and the low-power jet axis. The authors also inter-
pret them as shocks and a signature of jet-induced turbulence
in the ISM. Recent works focused on the optical data of some
of the galaxies in our sample, also observed the same behaviour
and attribute the enhancement in velocity to the jet-ISM inter-
action (Girdhar et al. 2022; Venturi et al. 2023; Ulivi et al. 2024;
Speranza et al. 2024).
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Fig. A.1: Extracted spectra at r = 1.5” centred on the nucleus of each galaxy. The most prominent emission lines are labelled and
the inset zoom shows the spectral region over which the [Ar 1v] doublet is detected. The gray vertical area corresponds to the region
masked out due to the sodium emission of the AO system.
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Table A.1: Mass outflow rate and kinetic power assuming n, = 103 cm™.
Global Peak

Galaxy log M, log ¥, log M®, log £},

J0945+1737 -0.28 +0.61 41.19+0.67 -0.22+0.25 41.13+0.25
J0958+1439 093 +£0.01 4225+0.01 0.53+0.01 41.84+0.01
J1000+1242 029 +£0.03 41.45+0.03 0.28+0.04 41.62+0.04
J1010+0612 095+0.09 4271 +0.09 0.56 +0.04 42.30 +0.04
J1010+1413 1.06 £ 0.46 42.89 +0.48 0.76 +0.34 42.60 + 0.34
J1016+0028 -0.48 +0.01 40.55+0.01 -0.65=+0.02 40.45+0.02
J1055+1102  -0.14 £ 0.01 40.66 + 0.01 -0.36 +0.01 40.45 +0.01
J1100+0846 0.53+0.15 42.08+0.16 0.35+0.13 41.90=+0.13
J1114+1939 -0.64 £0.18 4045+ 0.21 -1.01+£0.24 40.06 +0.24
J11164+2200 -0.18 £ 0.01 40.69 +0.01 -0.25+0.01 40.70 = 0.01
J1316+1753  0.5+0.06 41.94+0.08 0.14+0.04 41.51 +0.04
J1347+1217 037191 42.65 +2.01 0.1+1.1 4240 £ 1.10
J1356+1026 -0.17 £+ 0.08 41.07+0.09 -0.19+0.09 41.11 +0.09
J1430+1339 0.8+ 0.05 42.08+0.07 0.47+0.06 41.81+0.06
J1518+1403 -0.22 +0.03 40.67 £0.03 -0.52+0.02 40.37 +0.02

1

Notes.

AS (arcsec)

Aa

Fig. A.2: Continuum, integrated flux of the [O 1] emission line, Vcen, Vio and, Voo for the galaxy J0945+1737. The colobars are in

M,y are in Myyr~', and Ey, are in erg s,
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Fig. A.3: Same as Fig.A.2 for the galaxy J0958+1439.
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Fig. A.4: Same as Fig.A.2 for the galaxy J1000+1242.
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Fig. A.5: Same as Fig.A.2 for the galaxy J1010+0612.
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Fig. A.6: Same as Fig.A.2 for the galaxy J1010+1413.
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Fig. A.7: Same as Fig.A.2 for the galaxy J1016+0028.
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Fig. A.8: Same as Fig.A.2 for the galaxy J1055+1102.
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Fig. A.9: Same as Fig.A.2 for the galaxy J1100+0846.
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Fig. A.10: Same as Fig.A.2 for the galaxy J1114+1939.

log Fiom

Veentroid (oin]

-4 =2 0

Aa (arcsec)

2 4

-2 0 2 4
Aa (arcsec)

—4

Vioiom

-2 0 2 4
Aa (arcsec)

Fig. A.11: Same as Fig.A.2 for the galaxy J1116+2200.
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Fig. A.12: Same as Fig.A.2 for the galaxy J1316+1753.
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Fig. A.13: Same as Fig.A.2 for the galaxy J1347+1217.
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Fig. A.14: Same as Fig.A.2 for the galaxy J1356+1026.
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Fig. A.15: Same as Fig.A.2 for the galaxy J1430+1339.
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Fig. A.16: Same as Fig.A.2 for the galaxy J1518+1403.
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