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ABSTRACT

We present new optical GTC/MEGARA seeing-limited (0.9′′) integral-field observations of NGC 5506, together with ALMA obser-
vations of the CO(3 − 2) transition at a 0.2′′ (∼ 25 pc) resolution. NGC 5506 is a luminous (bolometric luminosity of ∼ 1044 erg
s−1) nearby (26 Mpc) Seyfert galaxy, part of the Galaxy Activity, Torus, and Outflow Survey (GATOS). We modelled the CO(3 − 2)
kinematics with 3DBarolo, revealing a rotating and outflowing cold gas ring within the central 1.2 kpc. We derived an integrated cold
molecular gas mass outflow rate for the ring of ∼ 8 M⊙ yr−1. We fitted the optical emission lines with a maximum of two Gaussian
components to separate rotation from non-circular motions. We detected high [OIII]λ5007 projected velocities (up to ∼ 1000 km s−1)
at the active galactic nucleus (AGN) position, decreasing with radius to an average ∼ 330 km s−1 around ∼ 350 pc. We also modelled
the [OIII] gas kinematics with a non-parametric method, estimating the ionisation parameter and electron density in every spaxel,
from which we derived an ionised mass outflow rate of 0.076 M⊙ yr−1 within the central 1.2 kpc. Regions of high CO(3 − 2) velocity
dispersion, extending to projected distances of ∼ 350 pc from the AGN, appear to be the result from the interaction of the AGN wind
with molecular gas in the galaxy’s disc. Additionally, we find the ionised outflow to spatially correlate with radio and soft X-ray
emission in the central kiloparsec. We conclude that the effects of AGN feedback in NGC 5506 manifest as a large-scale ionised wind
interacting with the molecular disc, resulting in outflows extending to radial distances of 610 pc.

Key words. galaxies: individual: NGC 5506 – galaxies: active – galaxies: Seyfert – ISM: jets and outflows – ISM: kinematics and
dynamics

1. Introduction

The feedback from active galactic nuclei (AGN) has been pro-
posed as a key mechanism influencing the course of galaxy

evolution (see e.g. the reviews by Alexander & Hickox 2012;
Fabian 2012; Kormendy & Ho 2013; Heckman & Best 2014;
Harrison et al. 2018). AGN are powered by supermassive black
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holes (SMBHs) and their accretion discs located at galactic cen-
tres, emitting intense radiation and influencing the excitation and
kinematics of the surrounding gas. This feedback process initi-
ates from a very small region (10−3 pc is a typical accretion disc
radius, see Cornachione et al. 2020; Guo et al. 2022; Jha et al.
2022), yet its effects can extend to influence the entire galaxy
structure (Okamoto et al. 2005; Croton et al. 2006; Gaibler et al.
2012; McNamara & Nulsen 2012; Feruglio et al. 2015; Dubois
et al. 2016; Anglés-Alcázar et al. 2017).

Analysing AGN feedback is a complex task due to its impact
on different phases of the interstellar medium (ISM) across dif-
ferent physical scales, from the sub-parsec highly ionised ultra-
fast outflows (UFOs, Tombesi et al. 2010; Fukumura et al. 2015;
Nomura et al. 2016), warm absorbers (Blustin et al. 2005; Laha
et al. 2014), and broad absorption lines (BALs, Weymann et al.
1991; Proga et al. 2000), to the kiloparsec-scale ionised (Mc-
Carthy et al. 1996; Baum & McCarthy 2000; Liu et al. 2013;
Perna et al. 2020; Fluetsch et al. 2021) and molecular (Feruglio
et al. 2010; Cicone et al. 2014; Bischetti et al. 2019; Ramos
Almeida et al. 2022) outflows, up to the megaparsec-scale emis-
sion of giant radio galaxies (GRGs, Ishwara-Chandra & Saikia
1999; Kuźmicz et al. 2018; Dabhade et al. 2020) and X-ray
groups and clusters (McCarthy et al. 2010; Fabian et al. 2011;
McNamara & Nulsen 2012; Pasini et al. 2020).

Furthermore, AGN activity is considered to be intermittent
over the course of a galaxy’s lifetime (King et al. 2004; Hopkins
& Hernquist 2006; Schawinski et al. 2015; King & Nixon 2015),
or even on timescales of days or less (Dultzin-Hacyan et al.
1992; Wagner & Witzel 1995). Consequently, comprehending
the overall impact of AGN feedback is highly challenging, re-
quiring the use of multiwavelength, multi-scale, and multi-time
observations as essential tools.

The molecular phase of the ISM is of paramount importance,
since it is the fuel for star formation and the phase in which the
bulk of the gaseous mass in star-forming galaxies resides (e.g.
Casasola et al. 2020). The AGN radiation heats the molecular gas
by creating X-ray-dominated regions within the ISM (Maloney
et al. 1996; Esposito et al. 2022, 2024; Wolfire et al. 2022), and
it perturbs its kinematics, driving outflows (Cicone et al. 2014;
Fiore et al. 2017; Veilleux et al. 2020; Lamperti et al. 2022).

Molecular gas typically forms a rotating disc associated with
the galaxy gravitational potential. In AGN-host galaxies, a com-
mon form of perturbation involves the interaction between the
molecular disc and the AGN hot wind, which manifests as out-
flowing ionised gas observable in X-rays (Cappi 2006; Tombesi
et al. 2013; Giustini et al. 2023), UV (Hewett & Foltz 2003;
Rankine et al. 2020) and optical (Fabian 2012; Mullaney et al.
2013) wavelengths (see also the review by Veilleux et al. 2020,
and references therein, for the hot-cold gas coupling). In this re-
gard, a multiwavelength approach is essential to effectively trace
the multiphase outflow (Davies et al. 2014; Cicone et al. 2018;
García-Bernete et al. 2021; Speranza et al. 2024). Nearby AGN
serve as a perfect laboratory for studying these feedback signa-
tures in detail, particularly with the increasingly improved spa-
tial resolution and spectral coverage of today’s instruments.

The Galactic Activity, Torus, and Outflow Survey (GATOS)
aims to understand the obscuring material (torus) and the nuclear
gas cycle (inflows and outflows) in the immediate surroundings
of the nuclear region of local AGN (García-Burillo et al. 2021;
Alonso-Herrero et al. 2021; García-Bernete et al. 2024). The
GATOS sample includes Seyfert galaxies with distances 10− 40
Mpc, selected from the 70-month Burst Alert Telescope (BAT)
catalogue of AGN (Baumgartner et al. 2013), some of which
have been observed at different wavelengths, including optical

and near-infrared integral field unit (IFU) spectroscopy, JWST,
and ALMA observations.

One of the key findings of the GATOS survey is the existence
of an anti-correlation between the nuclear molecular gas concen-
tration and the AGN power: for a sample of 18 galaxies (García-
Burillo et al. 2021) and an extended sample (García-Burillo et
al., in preparation). Molecular gas, traced by low-J CO lines and
observed by ALMA at a spatial resolution ∼ 10 pc, is also de-
tected in outflows in those sources showing the most extreme
nuclear-scale gas deficiencies, hence suggesting that the AGN
power plays a role in clearing the nuclear region. These outflows
have been observed and analysed in detail for some GATOS se-
lected sources, which have been analysed in detail for the molec-
ular and ionised phases (Alonso-Herrero et al. 2018, 2019, 2023;
García-Bernete et al. 2021; Peralta de Arriba et al. 2023).

In this study, we investigate the molecular and ionised gas
phases of NGC 5506, an Sa spiral galaxy in the GATOS sam-
ple at a redshift-independent distance of 26 Mpc (Karachent-
sev et al. 2006). At this distance the spatial scale is 125 pc/′′.
NGC 5506 has an AGN bolometric luminosity of ∼ 1.3×1044 erg
s−1 (Davies et al. 2014) and is classified as an optically obscured
narrow line Seyfert 1 (NLSy1, Nagar et al. 2002). The black hole
mass is MBH = 2.0+8.0

−1.6 × 107 M⊙ (Gofford et al. 2015), yielding
an Eddington ratio of λEdd ≡ Lbol/LEdd = 0.05+0.21

−0.04. NGC 5506
is notable in the GATOS sample for having one of the highest
molecular gas nuclear deficiencies (see Fig. 18 of García-Burillo
et al. 2021), suggesting a potential imprint of AGN feedback on
the molecular gas. Furthermore, NGC 5506 hosts a sub-parsec
bent radio jet (Roy et al. 2000, 2001; Kinney et al. 2000) and
a UFO (Gofford et al. 2013, 2015), making it an intriguing tar-
get for investigating multiphase (and multiscale) outflows. As a
NLSy1, NGC 5506 is expected to be in a young AGN phase,
characterised by a small black hole mass and a high accretion
rate (see e.g. Crenshaw et al. 2003; Tarchi et al. 2011; Salomé
et al. 2023).

Evidence of complex kinematics from the long-slit optical
spectrum was found by Wilson et al. (1985), who suggested ra-
dial motion for the ionised gas. Maiolino et al. (1994) refined
this model, identifying outflowing velocities of up to 400 km
s−1 for [OIII], [NII], and Hα, with the outflow cone inclined
at −15◦ from the north. Additionally, Fischer et al. (2013) es-
timated an ionised outflow velocity of 500 km s−1 using slitless
Hubble Space Telescope (HST) observations (see also Ruiz et al.
2005), modelling a biconical outflow. Davies et al. (2020) carried
out a detailed analysis of optical data from observations made
with X-shooter at VLT, finding a [OIII] outflow with a maxi-
mum velocity of 792 km s−1 and Ṁout = 0.21 M⊙ yr−1. Riffel
et al. (2017, 2021) and Bianchin et al. (2022) studied the outflow
of the ionised gas in the near-IR (with GEMINI NIFS), finding a
mass outflow rate ranging from 0.11 to 12.49 M⊙ yr−1 (by adopt-
ing two fixed ne values - 500 cm−3 and 104 cm−3 - and exploring
different geometries). The highest outflow values would result in
a kinetic efficiency Ėout/Lbol = 0.71. They also calculate, from
Lbol, a mass accretion rate to the SMBH of 0.067 M⊙ yr−1.

In this work, we present new IFU observations made with
the Multi-Espectrógrafo en GTC de Alta Resolución para As-
tronomía (MEGARA) at the Gran Telescopio Canarias (GTC),
which cover several optical emission lines, together with ALMA
Band 7 observations of the CO(3 − 2) transition. The paper is
structured as follows. In Section 2 we present the ALMA Band
7 and GTC/MEGARA observations In Section 3 we describe
the morphology of the molecular and ionised gas emission lines,
while we model the kinematics of the two phases in Sections 4
and 5, respectively. In Section 6 we discuss the results of this
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Fig. 1. Optical and molecular views of NGC 5506. Top. HST/F606W image of NGC 5506 from Malkan et al. (1998). The black rectangle identifies
a region of 15.3′′ × 5.1′′ (corresponding to 1.9 × 0.6 kpc2). Bottom. ALMA CO(3 − 2) intensity, velocity and velocity dispersion maps, clipped at
a signal-to-noise ratio of 3. The contours are between 10−3 and 10−1 Jy km s−1 (with 0.5 dex steps) for the intensity map, between 1700 and 2000
km s−1 (with 75 km s−1 steps) for the velocity map, and between 10 and 90 km s−1 (with 20 km s−1 steps) for the velocity dispersion map. North is
up and east is left, and offsets in the ALMA maps are measured relative to the 870 µm continuum peak (as in García-Burillo et al. 2021), marked
with a star symbol in every panel. The ALMA beam (0.21′′ × 0.13′′) appears in every bottom panel as a black ellipse in the lower left.
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Fig. 2. Optical image and spectra of the central region of NGC 5506. Top. GTC/MEGARA [OIII] (λe = 5007 Å, in orange) and CO (λe = 870µm,
in blue) contours over the HST/F606W image of NGC 5506 (Malkan et al. 1998). The [OIII] contour levels, from the single-component Gaussian
fit, have a logarithmic spacing from 3σ to 80% of the peak intensity in steps of 0.5 dex, while the CO(3 − 2) contours are the same of Fig. 1.
The white star symbol is the AGN position, as determined in Section 2.2. The black and white squares are the nuclear region, with size 1.8 arcsec
∼ 225 pc, observed by X-shooter (see Davies et al. 2020), and the MEGARA FoV (12.5′′ × 11.3′′ ∼ 1.5 kpc × 1.4 kpc), respectively. The white
circle in the bottom left is the MEGARA seeing conditions (diameter 0.9′′). Bottom. Left and right panels contain the spectra (integrated within
the MEGARA FoV) revealed with the MEGARA LR-B and LR-R gratings, respectively, with names of identified emission lines and doublets.
The inset is the zoom-in of a [OIII] line (after continuum subtraction): the blue shadings are the observed spectra of the MEGARA FoV and of the
nuclear region, the black dashed lines are the fits with a single Gaussian. The inset axes have the same units of the outer panel.

work and we compare our data with the available literature, and
we draw our conclusions in Section 7.

2. Observations

2.1. ALMA Band 7

We observed NGC 5506 with the Band 7 ALMA receiver and
a single pointing (project-ID: #2017.1.00082.S; PI: S. García-
Burillo). We analysed the moderate resolution datacube from
García-Burillo et al. (2021). The datacube has a 0.21′′ × 0.13′′
(26 pc × 16 pc) beam (with PA = −60◦, measured anticlock-

wise from the northern direction), a 17′′ (2.1 kpc) field of view
(FoV) and a largest angular scale of 4′′ (0.5 kpc). To check the
astrometry, we first aligned the HST/F606W image (top panel of
Fig. 1) with the position of stars (from the Gaia mission), and
then we aligned the ALMA continuum peak and the HST peak,
resulting in α2000 = 14h13m14.877s, δ2000 = −03◦12′27.67′′ (as
in García-Burillo et al. 2021).

2.2. GTC/MEGARA Bands B and R

We observed the central region of NGC 5506 on 20/03/2021
(Program GTC27-19B; PI: A. Alonso-Herrero), with MEGARA
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Table 1. Fundamental parameters for NGC 5506.

Parameter Value Referencea

α2000 14h13m14.877s (1)
δ2000 −03◦12′27.67′′ (1)
Vhel

b 1882 ± 11 km s−1 (1)
RC3 Type Sa pec edge-on (2)
Nuclear activity Optically obscured NLSy1 (3)
Distance 26 Mpc (1′′ = 125 pc) (4)
D25 2.82′ (5)
Inclination 80◦ (1)
Position Angle 265◦ (1)
MBH 2.0+8.0

−1.6 × 107 M⊙ (6)
Lbol 1.3 × 1044 erg s−1 (7)
LIR 3.1 × 1010 L⊙ (8)
λEdd 0.05+0.21

−0.04 (1)

Notes. a (1) This paper; (2) de Vaucouleurs et al. (1991); (3)
Nagar et al. (2002); (4) Karachentsev et al. (2006); (5) Baillard
et al. (2011); (6) Gofford et al. (2015); (7) Davies et al. (2020);
(8) Sanders et al. (2003). b Heliocentric velocity is the mean
between the systemic velocities derived for the molecular and
the ionised gas

in IFU mode (Gil de Paz et al. 2016; Carrasco et al. 2018). We
used two low resolution (LR) volume phase holographic grat-
ings: the LR-B (spectral range ∼ 4300 − 5200 Å, resolution
R ∼ 5000), to observe Hβ and the [OIII]λλ4959, 5007 doublet
(exposure time 480 s), and the LR-R (∼ 6100 − 7300 Å, R ∼
5900), to observe Hα, [OI]λ6300, and the [NII]λλ6548, 6583
and [SII]λλ6716, 6731 doublets (exposure time 400 s). The ob-
served FoV is 12.5′′ × 11.3′′, corresponding to 1.6 × 1.4 kpc2.

The data reduction was performed by following Peralta de
Arriba et al. (2023) and using the official MEGARA pipeline
(Pascual et al. 2021). The resolution of the GTC/MEGARA ob-
servations was limited by the seeing conditions. We plotted it
with a circle of diameter 0.9′′ in all the relevant figures. The final
datacubes were produced with a spaxel size of 0.3′′, as recom-
mended by the pipeline developers (Pascual et al. 2021; Peralta
de Arriba et al. 2023): this corresponds to a physical spaxel size
of 37.5 pc. We corrected the maps astrometry from the two con-
figurations by aligning their continuum peaks with the ALMA
Band 7 (870 µm) and HST (F606W filter) ones; to this point as
the AGN position. We note that optical extinction may have an
impact on the observed optical nucleus and actual AGN location
on scales below the MEGARA seeing of 0.9′′.

3. Morphology and kinematics

3.1. ALMA CO(3-2)

Fig. 1 shows the Hubble Space Telescope (HST) image and the
ALMA CO(3 − 2) first three moments maps. The CO intensity
map reveals an edge-on disc with a nuclear deficit (with respect
to the circumnuclear region) of diameter ∼ 100 pc. This molec-
ular gas depletion in the very centre has already been observed
and analysed in García-Burillo et al. (2021). The circumnuclear
disc is symmetric up to a diameter of ∼ 7′′ = 875 pc. At radii
larger than 3 − 4′′ there is an extended gas tail in the eastern di-
rection, which traces the dust lane visible in the HST image (see
also Fig. 2).

The bottom panels of Fig. 1 show the velocity and velocity
dispersion of CO(3 − 2). The velocity field is centred at 1850

Fig. 3. Visual extinction map of the MEGARA FoV, calculated from
the Hα/Hβ ratio and with RV = 3.1 (Cardelli et al. 1989). The white
star symbol is the AGN position, and distances are relative to it. The
dashed black line is our fiducial major kinematic axis with PA = 265◦
(see Section 4). The white circle in the bottom left is the MEGARA
seeing conditions.

km s−1. It appears to be dominated by rotation, redshifted on the
western side and blueshifted on the eastern side. However, it also
exhibits perturbations due to non-circular motion. The velocity
dispersion has a median value of 17 km s−1, and displays higher
values along the NW-SE axis, with a maximum value of 86 km
s−1 at δα ∼ 3′′.

3.2. GTC/MEGARA emission lines

To derive the line intensity and kinematics, we extracted and fit-
ted every spaxel of the MEGARA FoV with the ALUCINE1

(Ajuste de Líneas para Unidades de Campo Integral de Nebu-
losas en Emisión, Peralta de Arriba et al. 2023), initially with
a single Gaussian and an amplitude-over-noise (AoN) of 3 or
higher. Fig. 2 shows the contours of the [OIII] doublet intensity,
which are the brightest lines in the MEGARA spectrum (also in
Fig. 2). The other identified emission lines, namely Hβ, [OI], Hα
+ [NII] doublet, and [SII] doublet, are labelled in Fig. 2.

The [OIII] emission of Fig. 2 nicely follows the HST im-
age, and it is shaped as a bicone, typical of narrow line regions
(NLRs Pogge 1988; Wilson et al. 1993; Schmitt et al. 2003).
The bicone emerges almost vertically in projection from the
dusty molecular disc (∼ 20◦ anticlockwise from the north, as
reported by Fischer et al. 2013; García-Burillo et al. 2021). We
note here that Fischer et al. (2013) detected a one-sided ionisa-
tion cone (the northern side) using slitless spectroscopy of the
[OIII] line. This is also evident in the HST map (Figs. 1 and 2).
With MEGARA we detect the southern side as well, although it
appears more extinguished. To check this we derived, following
Cardelli et al. (1989), the visual extinction map from the Hα/Hβ
line ratios (whereas the line fluxes come from the single Gaus-
sian fit spaxel-by-spaxel). The resulting map (Fig. 3) shows a
clear dust band crossing the southern side of NGC 5506 nuclear
region. This piece of information also suggests that the southern
side is the near side of the galaxy (in accordance with García-
Burillo et al. 2021, analysis).

1 Available at https://gitlab.com/lperalta_ast/alucine
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Fig. 4. ALMA CO(3 − 2) PV diagrams generated with 3DB along the
kinematic major (top panel) and minor (bottom panel) axes. The grey
scale and blue contours are the ALMA CO(3 − 2) observations > 3σ,
while the red contours are the 3DB rotating disc model (without a ra-
dial velocity component). The yellow dots are the fitted rotation curve.
The approximate eastern, western, southern, and northern directions are
marked in the panels.

It is tempting to interpret the comparison of [OIII] and CO
contours in Fig. 2 as an ionised outflow that escapes the galaxy
disc following the path of less resistance (Faucher-Giguère &
Quataert 2012). We explore this possibility in Section 6.

4. Modelling the molecular gas kinematics

The CO(3 − 2) velocity field map (Fig. 1) shows the typical sig-
natures of a rotating disc with some deviations from non-circular
motions. We modelled the CO(3 − 2) datacube with 3DBarolo2

(Di Teodoro & Fraternali 2015, hereafter 3DB), which creates a
disc model for the rotating gas by dividing the emission into con-
centric rings, and fits the following parameters for every ring: the
kinematic centre coordinates, the scale-height of the disc (z0),
the inclination (i) of the disc with respect to the line of sight, the
position angle (PA, measured anticlockwise from the northern
direction for the receding side of the rotating disc) of the major
kinematic axis, the systemic velocity vsys with which the whole
galaxy is receding from us, the rotational velocity (vrot) of the
gas, the velocity dispersion (σgas), and the radial velocity (vrad).

We note here that 3DB is designed to model the gas kine-
matics within a rotating disc (plus a radial velocity component).
Our strategy is to use 3DB to identify and quantify any radial

2 Available at https://bbarolo.readthedocs.io

Fig. 5. Best-fit model and residuals (i.e. observation minus the model)
obtained with 3DB for the rotating disc with a radial velocity com-
ponent. Top and bottom panels show the mean velocity field and the
velocity dispersion field of CO(3 − 2), respectively. In the first panel,
vsys = 1872 km s−1 has been subtracted from the model velocities. Ve-
locity contours (top panels) are at −50 and 50 km s−1 (solid) and at 0
km s−1 (dotted), while dispersion contours (bottom panels) are at −50,
−25, 25, and 50 km s−1 (solid) and at 0 km s−1 (dotted). The dashed
black line in the first panel is the kinematic major axis with PA = 265◦.
The ALMA beam appears in every panel as a black ellipse in the bottom
left.

motion within the disc, which may point to an inflow or outflow
of gas. If the radial flow forms an angle θout with the galaxy disc,
only the velocity projected on the disc, that is, vout cos θout, will
be detected by 3DB (see also Di Teodoro & Peek 2021; Bacchini
et al. 2023).

We fixed the kinematic centre at the position of the contin-
uum peak. We set a ring radial size of 0.15′′ (≃ 19 pc), similar
to the ALMA beam (0.21′′ × 0.13′′), and a total of 60 rings, thus
reaching out to a distance of 9′′ (≃ 1.1 kpc) from the centre.

4.1. Rotating disc

We performed a first 3DB run with vrad = 0 km s−1, and z0, i,
PA, vsys, vrot, and σgas as free parameters. In this way we derived
z0 = 0.2′′ ≃ 25 pc, i = 80◦, PA = 265◦, and vsys = 1872 ± 10
km s−1 (where the error is given by the ALMA datacube spec-
tral step). The inclination is the same as that found by García-
Burillo et al. (2021) with the software kinemetry (Krajnović
et al. 2006), while the PA is slightly different (they found PA
= 275◦). The vsys value is in agreement with several works: Fis-
cher et al. (2013) reported 1823 km s−1, Riffel et al. (2017) 1878
km s−1, Davies et al. (2020) 1962 km s−1, García-Burillo et al.
(2021) 1840 km s−1, and the average of these values is 1876 km
s−1, only 4 km s−1 over our estimate.

We then performed a 3DB run with vrot and σgas as the only
free parameters, while the others were fixed to the values de-
termined in the first run. This approach assumes the absence of

Article number , page 6 of 24

https://bbarolo.readthedocs.io


Federico Esposito et al.: AGN feedback in the Local Universe: multiphase outflow of the Seyfert galaxy NGC 5506

  

8 6 4 2 0 2 4 6 8
Offset (arcsec)

300

200

100

0

100

200

∆
V

L
O

S
 (k

m
/s

)

= 265
NGC5506

8 6 4 2 0 2 4 6 8
Offset (arcsec)

300

200

100

0

100

200

∆
V

L
O

S
 (k

m
/s

)

= 355

1600

1700

1800

1900

2000

2100

V
L
O

S
 (k

m
/s

)

1600

1700

1800

1900

2000

2100

V
L
O

S
 (k

m
/s

)

0.75 0.50 0.25 0.00 0.25 0.50 0.75
Offset (arcsec)

150

100

50

0

50

100

150

∆
V

L
O

S
 (k

m
/s

)

= 265
NGC5506

0.75 0.50 0.25 0.00 0.25 0.50 0.75
Offset (arcsec)

150

100

50

0

50

100

150

∆
V

L
O

S
 (k

m
/s

)

= 355

1700

1750

1800

1850

1900

1950

2000

V
L
O

S
 (k

m
/s

)

1700

1750

1800

1850

1900

1950

2000

V
L
O

S
 (k

m
/s

)

NS

WE

8 6 4 2 0 2 4 6 8
Offset (arcsec)

300

200

100

0

100

200

∆
V

L
O

S
 (k

m
/s

)

= 265
NGC5506

8 6 4 2 0 2 4 6 8
Offset (arcsec)

300

200

100

0

100

200

∆
V

L
O

S
 (k

m
/s

)

= 355

1600

1700

1800

1900

2000

2100

V
L
O

S
 (k

m
/s

)

1600

1700

1800

1900

2000

2100

V
L
O

S
 (k

m
/s

)

8 6 4 2 0 2 4 6 8
Offset (arcsec)

300

200

100

0

100

200

∆
V

L
O

S
 (k

m
/s

)

= 265
NGC5506

8 6 4 2 0 2 4 6 8
Offset (arcsec)

300

200

100

0

100

200

∆
V

L
O

S
 (k

m
/s

)

= 355

1600

1700

1800

1900

2000

2100

V
L
O

S
 (k

m
/s

)

1600

1700

1800

1900

2000

2100

V
L
O

S
 (k

m
/s

)

8 6 4 2 0 2 4 6 8
Offset (arcsec)

300

200

100

0

100

200

∆
V

L
O

S
 (k

m
/s

)

= 265
NGC5506

8 6 4 2 0 2 4 6 8
Offset (arcsec)

300

200

100

0

100

200

∆
V

L
O

S
 (k

m
/s

)

= 355

1600

1700

1800

1900

2000

2100

V
L
O

S
 (k

m
/s

)

1600

1700

1800

1900

2000

2100

V
L
O

S
 (k

m
/s

)

8 6 4 2 0 2 4 6 8
Offset (arcsec)

300

200

100

0

100

200

∆
V

L
O

S
 (k

m
/s

)

= 265
NGC5506

8 6 4 2 0 2 4 6 8
Offset (arcsec)

300

200

100

0

100

200

∆
V

L
O

S
 (k

m
/s

)

= 355

1600

1700

1800

1900

2000

2100

V
L
O

S
 (k

m
/s

)

1600

1700

1800

1900

2000

2100

V
L
O

S
 (k

m
/s

)

8 6 4 2 0 2 4 6 8
Offset (arcsec)

300

200

100

0

100

200

∆
V

L
O

S
 (k

m
/s

)

= 265
NGC5506

8 6 4 2 0 2 4 6 8
Offset (arcsec)

300

200

100

0

100

200

∆
V

L
O

S
 (k

m
/s

)

= 355

1600

1700

1800

1900

2000

2100

V
L
O

S
 (k

m
/s

)

1600

1700

1800

1900

2000

2100

V
L
O

S
 (k

m
/s

)

Fig. 6. Same as Fig. 4, but for the 3DB run with a radial velocity com-
ponent.

radial motions associated with molecular inflows or outflows.
Fig. 4 displays the position-velocity (PV) diagrams resulting
from this run. Overall, the 3DB model contours (red lines in
Fig. 4) reasonably reproduce the observed PV values (plotted
with blue colours). From the major-axis PV diagram (Fig. 4, top
panel) we can appreciate the goodness of the vsys estimate, as
the CO(3 − 2) emission is symmetric with respect to vsys. Along
the kinematic minor axis (Fig. 4, bottom panel), there are indica-
tions of non-circular motions in the central 1′′, which we explore
further in the next section.

4.2. Rotating disc with a radial velocity component

Within the approximate inner (projected) 1′′, the minor axis PV
diagram shows redshifted motions to the north of the AGN and
blueshifted to the south (see top-left and bottom-right quadrants,
respectively, of Fig. 4, bottom panel). Since the south is the near
side of the galaxy (see Fig. 3 and related discussion in Sec-
tion 3.2), this suggests the presence of a CO outflow component
in the plane of the disc. We thus run another 3DB model includ-
ing a radial velocity (vrad) component. The other free parameters
are vrot and σgas, while the others have been set as the previous
run.

Fig. 5 shows the 3DB models and residuals for this run, for
the first and second moments (mean velocity and mean velocity
dispersion). The velocity and velocity dispersion absolute resid-
uals have median values of 16 km s−1 and 14 km s−1, respec-
tively. The highest velocity residuals (Fig. 5, second panel) are
in the SE direction, where also the highest values of dispersion

Fig. 7. Relative velocities of CO(3 − 2) along the minor axis, extracted
and averaged from a slit width of 3 pixels (corresponding to a projected
width of 0.09′′). The blue circles are the observed values, not weighted
for the emitted flux. The green and red lines are the 3DB models with
and without a radial velocity component.

(Fig. 1, bottom panel) and dispersion residuals (Fig. 5, fourth
panel) reside.

Fig. 6 shows the PV diagrams of this run, where we can ap-
preciate a better fit along the minor axis (Fig. 6, bottom panel).
Especially, the 3DB model now follows the northern red - south-
ern blue asymmetry along the CO(3 − 2) minor axis. We also
plot the mean velocities along the minor axis in Fig. 7, where
we compare the 3DB results for the two models (with and with-
out the radial velocity component). While not perfect, the model
incorporating vrad more closely aligns with the observed data,
particularly at positive offsets from the centre (i.e. in the north-
ern direction). The yellow dots in the top panel represent the
mean vrot (also plotted in the second panel of Fig. 8). We find vrot
reaching 193 km s−1 at r = 3.5′′ (440 pc), in reasonable agree-
ment with the rotational velocity of 181 ± 5 km s−1 measured
from HI absorption (Gallimore et al. 1999).

The four panels in Fig. 8 show, from top to bottom, the
CO(3 − 2) surface density ΣCO(3−2), and the modelled rotational
velocity vrot, velocity dispersion σgas, and radial velocity vmol

out
(which is the same as vrad, with the positive sign meaning out-
flowing and negative meaning inflowing gas). We distinguish
significative changes in the curve profiles at two particular radii:
0.4′′ and 5′′.

At r ∼ 0.4′′ (50 pc) we find the maximum value of ΣCO(3−2),
which corresponds to the inner radius of the ring. Within this
radius vmol

out < 0, which is indicative of inflowing gas: it could
be an indication of AGN feeding from the molecular disc (see
e.g. Combes 2021), but since we only have two radial points we
could not confirm this finding. At r ∼ 0.4′′ we also have a peak
in the σgas and vmol

out profiles: this means that the molecular ring
is not only rotating, but also outflowing (as in NGC 1068, see
García-Burillo et al. 2019).

At r ∼ 5′′ (610 pc) there is another peak of σgas, and vmol
out

goes from positive to negative, suggesting a transition from out-
flow to inflow (García-Burillo et al. 2014, found a similar result
for NGC 1068). However, at r > 5′′ there is a lot of oscillation
between inflow and outflow, probably due to the small number
of datapoints (see the asymmetry of the CO emission in Fig. 1),
so we did not take into consideration these outer radii.

The CO(3 − 2) radial motion on the molecular plane could
be explained with (i) inflowing/outflowing gas (García-Bernete
et al. 2021; Ramos Almeida et al. 2022) or (ii) elliptical orbits as-
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Fig. 8. Radial profiles of the molecular gas derived with 3DB. From top
to bottom: the CO(3 − 2) surface density, the rotational velocity (same
as the yellow dots in the top panel of Fig. 6), the velocity dispersion and
the outflow velocity, all as a function of deprojected distance from the
AGN (on the plane of the galaxy). The dashed black line in the bottom
panel is the zero line, dividing between ouflow (vmol

out > 0) and inflow
(vmol

out < 0).

sociated with a bar (Buta & Combes 1996; Casasola et al. 2011;
Audibert et al. 2019). Since the presence of a bar is not evident
on the CO(3−2) PV diagrams (Figs. 4 and 6, cf. Alonso-Herrero
et al. 2023), it probably does not dominate the motion of the
molecular gas. Nevertheless, due to this possibility, we conser-
vatively assume that the outflow velocities we derive between
Rmol

out,min = 0.4′′ (50 pc) and Rmol
out,max = 5′′ (610 pc) are upper lim-

its. We discuss the presence of a bar in NGC 5506 in Section 6.1.

4.3. The molecular mass outflow rate

We used the CO(3 − 2) emission between Rmol
out,min = 0.4′′ (50

pc) and Rmol
out,max = 5′′ (610 pc) to calculate the main properties

of the outflow, such as the amount of molecular gas it is driving
outwards (Mmol

out ). To do so, we first converted it to CO(1 − 0),
using a typical brightness temperatures ratio for galaxy discs of
r31 ≡ TB,CO(3−2)/TB,CO(1−0) = 0.7: this is the average value found
by Israel (2020) in 126 nearby galaxy centres, and we adopt it
for consistency with García-Burillo et al. (2021). We then used a
Galactic CO-to-H2 conversion factor of XCO = 2×1020 mol cm−2

(K km s−1)−1 (Bolatto et al. 2013). We chose the Galactic value
to better compare our results with most of the literature, and also
because NGC 5506 does not show any indication of merger and

Fig. 9. Molecular gas mass outflow rate as a function of the deprojected
distance from the AGN (on the plane of the galaxy). The molecular
gas mass includes the helium contribution. The blue dots correspond to
the values computed with the 3DB model radial velocities and CO(3 −
2) intensities of Fig. 8. The blue shading and errorbars represent the
variation in r31 and XCO (see text for details). The red dashed line is
the integrated mass outflow rate, 8 ± 3 M⊙ yr−1, with the shaded yellow
region representing its uncertainty.

is not particularly luminous in the infrared (LIR = 1010.49 L⊙,
Sanders et al. 2003). We calculate Mmol

out = 1.75×108 M⊙ between
Rmol

out,min and Rmol
out,max. This result depends on our choice of r31 and

XCO. Specifically, a higher brightness temperatures ratio r31 ∼

1, as found in the central ∼ 1′′ of NGC 1068 (García-Burillo
et al. 2014; Viti et al. 2014), would decrease Mmol

out . Conversely,
a lower r31 ∼ 0.4 (i.e. within 1σ of the values collected by Israel
2020), would increase Mmol

out . Also a lower XCO ∼ 0.8 × 1020

mol cm−2 (K km s−1)−1, usually associated to starburst galaxies
(Bolatto et al. 2013; Pérez-Torres et al. 2021), would decrease
Mmol

out . The combined uncertainty of these two conversions could
decrease the calculated mass by a multiplicative factor of ≈ 0.28
or increase it by a factor of ≈ 1.75.

Assuming a simple shell geometry (as in Alonso-Herrero
et al. 2023), we can write the mass outflow rate as

Ṁmol
out =

Mmol
out vmol

out

Rmol
out

, (1)

where vmol
out is defined as the average velocity measured between

Rmol
out,min and Rmol

out,max. By taking the standard deviation as its un-
certainty, we find vmol

out = 25.6 ± 9.4 km s−1, from which we infer
a molecular mass outflow rate of Ṁmol

out = 8 ± 3 M⊙ yr−1 (which
includes the helium contribution).

Fig. 9 shows the radial profile of the mass outflow rate,
i.e. the same calculation of Equation 1 for every radial ring.
To account for different r31 and XCO, we plotted errorbars in
Fig. 9 corresponding to the typical ranges r31 = 0.4 − 1 and
XCO = (0.8− 2)× 1020 mol cm−2 (K km s−1)−1. We find a strong
peak of Ṁmol

out at the inner radius of the molecular ring (R ∼ 85
pc), which is outflowing (while rotating) up to Ṁmol

out,max = 28 M⊙
yr−1. A second (minor) peak is visible around 250 pc (∼ 2′′),
within which resides half of the molecular mass, and which cor-
responds to a small vout peak (bottom panel of Fig. 8).

The average value of Ṁmol
out = 8 ± 3 M⊙ yr−1 is similar to

those of other local Seyferts, which range from ∼ 1 M⊙ yr−1

to a few tens of M⊙ yr−1 (Combes et al. 2013; García-Burillo
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Fig. 10. [OIII] double Gaussian fit made with ALUCINE. Top and bottom rows are for the narrow and broad component, respectively. From left
to right, the three columns show the intensity, velocity, and velocity dispersion of both components. The AGN position is marked with a black star
symbol, and distances are measured from it. The white circle in the bottom left of each panel is the MEGARA seeing conditions. The velocity
panels (central column) show the PA = 265◦ and 355◦ dashed black lines, and two black rectangles that highlight the northern and southern edges
of the velocity field.

et al. 2014; Morganti et al. 2015; Alonso-Herrero et al. 2019;
Domínguez-Fernández et al. 2020; García-Bernete et al. 2021;
Alonso-Herrero et al. 2023).

5. Modelling the ionised gas kinematics

5.1. Gaussian decomposition

In the inset of Fig. 2 we presented the single Gaussian fit of
the [OIII] line. It is evident that a single Gaussian cannot ac-
curately reproduce the complex shape of the line profile. Con-
sequently, we decided to fit the observed lines (listed in Fig. 2)
with two Gaussians, spaxel by spaxel. The ALUCINE code de-
termines, based on the AoN > 3 cut, whether one or two Gaus-
sians are necessary for each spaxel. As input parameters, ALU-
CINE needs also the wavelength range for subtracting the con-
tinuum, and a systemic velocity. At first we set vsys,CO = 1872
km s−1 as the CO(3−2), but we achieved better results by setting
vsys,[OIII] = 1893 km s−1. It is worth noting that this 21 km s−1

difference is only 1.5 times the MEGARA spectral step (∼ 14
km s−1). A detailed comparison of vsys values from the literature
is available in Davies et al. (2020) and in Section 4.1.

We name the two Gaussians ’narrow’ and ’broad’ compo-
nent, where their width is the discriminant factor. We focus
mainly on the [OIII] line in the analysis, since it shows the high-
est signal (Fig. 2) and is the one usually studied for AGN ionised
winds (Weedman 1970; Heckman et al. 1981; Veilleux 1991;
Crenshaw & Kraemer 2000; Harrison et al. 2014). The results
for the [OIII] line are in Fig. 10. The top panels show the narrow
component: from the velocity map we can identify a rotation pat-
tern, with velocities up to −100 and 100 km s−1, oriented roughly
in the same way of the CO disc (Fig. 1). The external parts of the
narrow component can be hardly associated to rotation however:
at the northern end of the FoV the gas reaches 340 km s−1 (with

relatively low dispersions around 60 km s−1), while at NE and
NW there are areas with very high dispersion (up to ∼ 200 km
s−1). It could be that these extreme northern regions trace the
external part of the ionised outflow.

The broad component of [OIII] (bottom panels of Fig. 10)
contains fewer pixels than the narrow one, since for some spaxels
a single Gaussian component was sufficient to obtain a proper
modelling (or the broad Gaussian had AoN< 3). The velocity
map of this component displays a central blueshifted region (up
to −170 km s−1), and some positive and negative velocities all
over the FoV. The velocity dispersion map reaches higher values
than the narrow one (up to 400 km s−1).

The Gaussian decomposition made with ALUCINE is able
to separate the [OIII] rotation from the outflow component (ex-
cept for the extreme northern regions at high velocity or veloc-
ity dispersion). The same applies for the other emission lines in
the MEGARA spectrum, for which the results are shown in Ap-
pendix B. Compared to [OIII], the narrow component intensity
maps of [NII], [SII], and [OI] are more consistent with an ionised
rotating disc (aligned with the HST and ALMA discs, i.e. with
PA ∼ 265◦), while the broad component is more elongated on the
north-south direction, (as [OIII], Hα and Hβ). This north-south
elongation is especially evident in the velocity dispersion of the
broad components of [NII] and [SII] (Figs. B.3 and B.4).

We also show, in Appendix C, the Baldwin, Phillips, Teler-
vich (BPT) diagrams (Baldwin et al. 1981; Veilleux & Oster-
brock 1987; Kewley et al. 2001; Kauffmann et al. 2003) made
with the same fitted lines. From such diagrams (Figs. C.1 - C.3)
we can conclude that most of the observed central emission is
due to the AGN activity rather than star formation, both for the
narrow and broad components.

We explain how we used this decomposition to calculate the
[OIII] mass of the broad component in Section 5.3. However,
the velocities obtained with ALUCINE represent mean veloci-
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Fig. 11. PV diagrams of the observed [OIII] (λe = 5007Å) line,
clipped at 3σ, along major (top panel) and minor (bottom panel) kine-
matic axes, with PA = 265◦ and 355◦, respectively. Contours are at
[10, 30, 100, 300, 1000]σ. The vertical dashed line is the AGN position,
and the horizontal dashed line is the systemic velocity vion

sys = 1893 km
s−1. The approximate eastern, western, southern, and northern directions
are marked in the panels. At ∆vlos < −1500 km s−1 contamination with
the secondary [OIII] line (λe = 4959Å) is probable.

Fig. 12. Observed spectra (continuum-subtracted) of the [OIII]λ5007
line at three locations along the kinematical minor axis (PA = 355◦). In
green, blue, and red shadings, the spectra extracted within the nuclear
region (black square in Fig. 2), the southern region, and the northern re-
gion (black rectangles in Fig. 10), respectively. With the same colours,
the lines are the ALUCINE two-component fits for the same regions.
Note that for the nuclear and southern regions a third component would
be needed to fit the residual blueshifted and redshifted components, re-
spectively. The nuclear spectrum is multiplied by a 0.2 factor for a better
comparison. The vertical dashed line is the redshifted (with vion

sys = 1893
km s−1) [OIII] line.

ties within each spaxel. To explore the full range of velocities of
the ionised gas, we produced [OIII] PV diagrams (Fig. 11), along
the same PAs as the CO emission (Fig. 6). In both major- and
minor-axis PV diagrams, the ionised gas exhibits velocities ex-
ceeding 1000 km s−1, both redshifted and blueshifted. The most
extreme blueshifted velocities (∆vlos < −1500 km s−1) are possi-
bly contaminated with emission from the secondary [OIII] dou-
blet line (λe = 4959 Å). The major-axis PV diagram (Fig. 11,
top panel) displays a rotation curve between −100 and 100 km
s−1. However, most of the emission, along both PAs, appears to
be dominated by the outflowing gas. Along the minor axis (bot-
tom panel of Fig. 11), there is also an observable X shape, elon-
gated at large radii, likely due to the northern red and southern
blue regions in the central panels of Fig. 10 (within the black
rectangles). These regions may represent the locations where the
outflow is emerging from the nuclear zone.

To have a better understanding of the observed PV diagrams,
we show, in Fig. 12, the [OIII] line profile at three locations
along the minor axis. The northern (in red) and southern (in
blue) regions exhibit two distinct components: one travelling at
approximately the systemic velocity, and the other outflowing
at ∼ ±300 km s−1. The southern blue emission also displays a
stronger centred emission, which is evident in the PV diagram
(Fig. 11, bottom panel) at ≳ 4′′ south (while its northern coun-
terpart is fainter). In the Gaussian decomposition (Fig. 10), the
northern region with high redshifted velocities likely belongs
to the outflowing and broad component rather than to the ro-
tational/narrow one. However, the associated flux (and conse-
quently, the ionised mass within it) is negligible in our analysis
(see Section 5.3).

We note here that, even if several works allow three or more
Gaussians to fit the emission of [OIII] in AGN with possible
outflows (e.g Harrison et al. 2014; Dall’Agnol de Oliveira et al.
2021; Speranza et al. 2022; Hermosa Muñoz et al. 2023), we
limited our analysis to two components to have a simpler inter-
pretation of them: we associated the narrow component to the
ionised gas rotation, and the broad one to the outflow. Adding
more Gaussians to the ALUCINE fit would result in higher ve-
locities and velocity dispersions for the broader components (but
we refer to the next section for a better characterisation of the
outflow velocities). However, such broader components would
add a small contribution to the modelled flux (see Fig. A.1),
hence to the outflow mass.

5.2. Non-parametric [OIII] velocities

In the previous section we saw that the ionised gas (traced by
[OIII]) shows very high velocities probably due to an AGN wind.
However, due to the complex line profiles, it is hard to see the
different velocities from the Gaussian decomposition of Fig. 10.
In this section, we make use of a non-parametric method to mea-
sure the outflow velocities.

We followed the method described by Harrison et al. (2014)
to spatially resolve the velocities of the [OIII] emission line. This
method uses the [OIII] line produced as the sum of the two fit-
ted Gaussians (Section 5.1). For every spaxel we calculate the
velocities corresponding to different percentiles to the flux con-
tained in the modelled line profile, namely the velocities at the
2nd, 5th, 10th, 90th, 95th, and 98th percentiles, respectively called
v02, v05, v10, v90, v95, and v98. We also calculate, for every spaxel,
the velocity of the emission line peak vp.

The results are illustrated in Fig. 13. The top-left panel shows
vp, which is similar to the velocity of the narrow component of
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Fig. 13. Non-parametric velocity components for the [OIII] line. The top panels show, from left to right, the peak velocity vp, the broad velocity
∆v, and the 80% width W80. The bottom panels show, from left to right, the velocity at the 2nd flux percentile (v02), at the 98th (v98), and the positive
or negative velocities that have the maximum absolute value between these two (for every spaxel), which is our estimate for the outflow velocity
vout. The white star symbol marks the AGN position, and the dashed black line in the top-left panel is the kinematic major axis (PA = 265◦). The
white circle in the bottom left of each panel is the MEGARA seeing conditions. Velocities in all the panels are in km s−1.

the Gaussian decomposition (cf. Fig. 10). It has been shown that
vp traces the ionised gas rotation (Rupke & Veilleux 2013; Har-
rison et al. 2014). In the case of NGC 5506, vp is similar to the
mean-velocity field of the molecular gas, whose kinematic PA
= 265◦ is plotted with a dashed black line. The region ∼ 5′′ N
from the AGN, redshifted at ∼ 300 km s−1, is not following the
rotation pattern.

The top-central panel of Fig. 13 shows the ∆v = (v05+v95)/2
map. This is very similar to the velocity map of the broad com-
ponent modelled by ALUCINE (cf. Fig. 10), and so represents
its velocity offset. There are differences between the two maps
though, especially around ∼ 3′′ NE from the nucleus, where the
∆v plot shows redshifted velocities around 50 km s−1. This may
be an outflow feature lost in the ALUCINE decomposition map.

The top-right panel of Fig. 13 is the W80 = v90 − v10 width,
which represents the width containing 80 percent of the [OIII]
emitted flux. In the case of a single modelled Gaussian, this
would correspond approximately to the FWHM. In our decom-
position, W80 is, in a way, a combination of the velocity disper-
sions of the two components of Fig. 10. However, W80 exhibits
larger values across the entire FoV, particularly at the AGN po-
sition (reaching up to 500 km s−1) and in the ∼ 5′′ N region
(with an average < W80,N >∼ 500 km s−1). The maximum value
observed is W80,max = 826 km s−1 located ∼ 6′′ W.

The bottom three panels of Fig. 13 show the velocities found
in the 2nd and 98th percentiles of the flux (the third panel is show-
ing the positive or negative velocities that have the maximum
absolute value among the two). These correspond to the pro-
jected maximum values for the outflow velocities (as in Rupke &
Veilleux 2013; Harrison et al. 2014; Davies et al. 2020). We find
the highest blueshifted velocities around the AGN (−565 km s−1

at the AGN position, −620 km s−1 at ∼ 1′′ S-SW) and in the ∼ 5′′
N region (up to −702 km s−1). The highest redshifted values are
found at ∼ 1.6′′ (200 pc) S-SW from the AGN (up to 551 km
s−1), and very close to the ∼ 5′′ N region (up to 689 km s−1).

The prevalence of blueshifted velocities in the nuclear region
was previously identified in the X-shooter spectrum, extracted
with a FoV of 1.8×1.8 arcsec2 (Davies et al. 2020), which is also
visible in Fig. 12 (green profile). With the MEGARA data, we
observe high-velocity components, not associated with rotation,
both blueshifted and redshifted, in all panels of Fig. 13 and in
nearly every direction, particularly in the central 4 × 4 arcsec2,
as evident in Fig. 11. This may be due to a wide bicone aperture,
where any given line of sight intersects both approaching and
receding clouds of gas simultaneously.

We isolate the [OIII] rotation velocity (vrot) by taking the me-
dian absolute value of vp along the PA = 265◦ line (the dashed
line in the vp panel of Fig. 13) with a width of 4 pixels (corre-
sponding to 1.2′′ ∼ 150 pc). In Fig. 14, we plot the mean radial
profiles of vrot, ∆v, W80, and vout. The [OIII] rotational velocity
vrot flattens out at 83 km s−1 around ∼ 320 pc from the centre
(Fig. 14, top panel), whereas the CO(3 − 2) flattens out at 193
km s−1 around r = 440 pc (Fig. 8, top panel). We point out that
[OIII] is not the best tracer for the ionised disc rotation, and in
fact it is the slowest rotator among the MEGARA lines: Hα flat-
tens at 120 km s−1, Hβ at 113 km s−1, [NII] at 120 km s−1, [SII]
at 118 km s−1, and [OI] at 110 km s−1 (see Appendix D for the
mean velocity radial profiles of all the MEGARA lines).

Interestingly, the ionised gas seems to be rotating at 60%
the velocity of the molecular gas. Davis et al. (2013) found that,
in CO-rich ATLAS3D galaxies (Cappellari et al. 2011), the dif-
ference between molecular and ionised rotation velocities was
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Fig. 14. Radial profiles for the different mean velocities of the [OIII]
line, all as a function of the projected distance from the AGN. Panels
show, from top to bottom: the rotational velocity vrot along the kinematic
axis, the broad velocity ∆v, the 80% width W80, and our estimate for the
mean outflow velocity of the ionised gas vion

out.

larger for [OIII]-bright galaxies (up to a ∆vrot ∼ 80 km s−1), due
to the different ionisation sources: a bright [OIII] emission (with
respect to Hβ) traces a dynamically hotter component of ionised
gas than HII regions embedded in the cold star-forming disc.
Also Levy et al. (2018) and Su et al. (2022) found the ionised
gas to rotate slower than the molecular gas in EDGE-CALIFA
(Bolatto et al. 2017) and ALMaQUEST (Lin et al. 2019) galax-
ies, but with a smaller difference of ∼ 25 km s−1.

The radial profiles of ∆v, W80, and vout have similar shapes,
with a smooth decrease of absolute velocities from the centre up
to a radial distance of ∼ 400 pc. For these three quantities, the
distance is the projected distance along every direction, so one
has to be careful when comparing them to vrot or to the molecular
radial profiles of Figs. 8 and 9. We used the vout radial profile of
Fig. 14 to calculate the other ionised outflow properties, as the
mass outflow rate (see Section 5.4).

5.3. The [OIII] outflow mass

In this section we calculate the electron density and mass of the
ionised outflow. To do so, we make use of the ALUCINE de-
composition (Section 5.1), and we consider the flux of the broad
component as the outflow (whereas the narrow component is as-
sociated to the ordered gas rotation). We subsequently explain
how we calculated the outflow properties using the [OIII] emis-
sion line (Fig. 10), but we also exploited the modelled broad
components of Hα, Hβ, and [NII] (Figs. B.1-B.3).

One of the challenges in the estimation of the ionised outflow
mass is to properly calculate the gas volume density n, usually

expressed as the electron density ne (where for ionised gas we
expect ne ∼ n). Many studies assume constant fiducial values for
ne (e.g. Harrison et al. 2014; Fiore et al. 2017) for all the spaxels
(or for a whole sample of galaxies). The most commonly used
method to estimate ne pixel-by-pixel is based on the [SII] dou-
blet ratio (Osterbrock & Ferland 2006). However, this method
has known biases, one of which is that the doublet ratio satu-
rates above 104 cm−3. We refer the interested reader to Davies
et al. (2020) for a structured discussion on this topic and for a
comparison between different methods to estimate ne.

We follow Baron & Netzer (2019), Davies et al. (2020), and
Peralta de Arriba et al. (2023), in estimating the ionised gas den-
sity from the ionisation parameter log U, defined as the number
of ionising photons per atom, U = QH/(4πr2nHc), where QH is
the rate of hydrogen-ionising photons (in s−1 units), r is the dis-
tance from the ionising source, nH ∼ ne is the hydrogen density,
and c is the speed of light. Since QH can be estimated from the
AGN bolometric luminosity (Baron & Netzer 2019), we can find
ne given the ionisation parameter.

Since the [OIII]/Hβ and [NII]/Hα line ratios are widely used
in AGN studies (Veilleux & Osterbrock 1987; Kewley et al.
2001), and both depend on log U, Baron & Netzer (2019), by
exploiting a sample of 234 type II AGN with outflow signatures,
empirically determined (with a scatter of 0.1 dex) the following
expression:

log U = − 3.766 + 0.191 log
(

[OIII]
Hβ

)
+ 0.778 log2

(
[OIII]

Hβ

)
− 0.251 log

(
[NII]
Hα

)
+ 0.342 log2

(
[NII]
Hα

)
.

(2)

The resulting log U map for the broad component of [OIII] is
in the left panel of Fig. 15. There are fewer pixels than the broad
[OIII] map (Fig. 10, bottom panels), since we had to use also the
broad Hα, Hβ, and [NII] maps, and only the pixels featured in
all four maps are left (with Hβ being the most limiting one). We
recover a median value of log U = −2.9, in agreement with the
integrated value of −2.87 ± 0.12 found by Davies et al. (2020)
within the X-shooter FoV (1.8 × 1.8 arcsec2).

From the log U definition, we follow Baron & Netzer (2019)
and calculate the electron density as

ne ≈ 3.2
(

Lbol

1045 erg s−1

) (
r

1 kpc

)−2 (
1
U

)
cm−3 (3)

where we used the log(Lbol/erg s−1) = 44.1 ± 0.09 obtained by
Davies et al. (2020) from the X-ray luminosity given by Ricci
et al. (2017). For the central pixel we set r equal to half the pixel
size.

We show the spatially resolved ne map in the central panel
of Fig. 15. We find ne to decrease at increasing distance from
the centre, as found by other works on local AGN (e.g. Freitas
et al. 2018; Shimizu et al. 2019; Davies et al. 2020; Peralta de
Arriba et al. 2023). The maximum ne,max = 8.5 × 105 cm−3 is
exactly at the AGN position. To compare our values with the
results of Davies et al. (2020) for NGC 5506, we calculate the
median ne at the edge of a 1.8×1.8 arcsec2 FoV (the black square
in Fig. 2), finding log(ne/cm−3) = 3.95, which is very close to
their integrated value of log(ne/cm−3) = 4.03 ± 0.14.

Before calculating the ionised outflow mass from the broad
[OIII] luminosity, we have to correct it for the extinction. To do
so, we assume an intrinsic ratio Hα/Hβ = 3.1, and we use the
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Fig. 15. From left to right: outflowing [OIII] ionisation parameter log U, electron density ne, and mass Mion
out . Contours are at log U = −2.9 (i.e. its

median value), log(ne cm−3) = (3, 3.5, 4, 4.5, 5). The white star symbol marks the AGN position, and the dashed black line in the top-right panel is
the kinematic major axis (PA = 265◦). The white circle in the bottom right of each panel is the MEGARA seeing conditions.

Cardelli et al. (1989) extinction law (RV = 3.1). We find the
[OIII] outflow area (i.e. the same of the three panels in Fig. 15)
to have a median AV = 1.9 mag and an extinction-corrected total
luminosity Lbroad [OIII] = 1041.6 erg s−1. If we limit the FoV to
1.8 × 1.8 arcsec2 we find 1041.3 erg s−1, in excellent agreement
with the Davies et al. (2020) value of 1041.2 erg s−1.

Finally, the ionised outflow mass Mion
out is given by (see Rose

et al. 2018; Baron & Netzer 2019):

Mion
out =

µmH Lbroad [OIII]

γ[OIII]ne
, (4)

where µ = 1.4 is the mean molecular weight, mH is the hydro-
gen mass, Lbroad [OIII] is the extinction-corrected broad [OIII] lu-
minosity, ne is the outflowing gas electron density, and γ[OIII] is
the effective line emissivity, which depends on the ionisation pa-
rameter (see Equations 5 and 6 in Baron & Netzer 2019). We
interpolated the values listed in Baron & Netzer (2019), Table 2,
to calculate γ[OIII] for every spaxel.

The resulting spatial distribution of the outflowing [OIII]
mass is presented in the right panel of Fig. 15. We calculated
a total ionised outflowing mass of Mion

out = 9.8× 104 M⊙. In com-
parison, the mass reported by Davies et al. (2020) is 3.2×104 M⊙.
The discrepancy arises because the MEGARA aperture is signif-
icantly larger than the X-shooter one (as indicated by the white
and black squares in Fig. 2). Additionally, Davies et al. (2020)
used a single value for all the quantities involved in Equation 4,
whereas we considered spatial variations, resulting in a more dis-
persed distribution of Mion

out .

5.4. The ionised mass outflow rate

We calculate the ionised mass outflow rate following, as for the
molecular gas, Equation 1 (as in Rose et al. 2018; Baron & Net-
zer 2019; Davies et al. 2020). The outflow velocity and mass
have been calculated following Sections 5.2 and 5.3. If we take,
as typical outflow radius, Rion

out,95 = 525 pc (i.e. the one that con-
tains 95% of Mout), we find vion

out = 422 ± 97 km s−1, from which

Fig. 16. Radial profile of the ionised mass outflow rate Ṁion
out as a func-

tion of the average projected distance from the AGN. Solid and dashed
lines are estimates of Ṁion

out by using the average and the maximum vion
out

at every radius. The blue dashed line is the integrated mass outflow rate,
0.076 ± 0.017 M⊙ yr−1, with the blue shading representing its uncer-
tainty.

we infer a ionised mass outflow rate of Ṁion
out = 0.076±0.017 M⊙

yr−1, where the uncertainty comes from the standard deviation
of the different measured radial velocities.

This is significantly lower than the 0.21 M⊙ yr−1 value re-
ported in Davies et al. (2020). A factor of ∼ 2 discrepancy is due
to the different velocity (they measured 792 km s−1). Another
difference is the outflow size, that dilutes the averaged value
(their aperture radius was of 117 pc). We can recover the Davies
et al. (2020) value if we plot the radial profile of Ṁout (Fig. 16)
using, for each radius, the maximum outflow velocity available
(dashed black line) rather than the average one (solid black line).

The spatially resolved map of ionised mass outflow rate
(Fig. 17) reveals an excess of Ṁion

out , extending from ∼ 0.8′′ up
to ∼ 2.5′′ south of the AGN. This is the region where the most
extreme blueshifted velocities of 620 km s−1 reside (see Fig. 13).
It is also a region which exhibit some excess of Mout (see Fig. 15,
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Fig. 17. Coloured map of the ionised mass outflow rate, with contours
of observed CO(3−2) velocity dispersion (as Fig. 1, bottom panel), at 30
and 50 km s−1 in light and dark blue, respectively. The two black circles
have a radius of 100 and 250 pc (i.e. ∼ 0.8 and 2 arcsec, respectively)
from the white star symbol, which marks the AGN position. The dashed
line is the kinematic major axis. The white circle in the bottom right is
the MEGARA seeing conditions.

right panel), hence the local high Ṁout. Some minor Ṁout clumps
are visible at ∼ 1.5′′ NW and ∼ 2.5′′ NE from the AGN. Inter-
estingly, this NE clump (which is very clear in the Mout map)
is located just after the separation between blueshifted and red-
shifted velocities (on the red side) in the bottom-left panel of
Fig. 13. All together these clumps contribute to the two main
bumps in the Ṁout radial profile (Fig. 16).

The farthest (from the AGN) peak, at ∼ 4′′ ∼ 500 pc north,
visible in both Fig. 16 and 17, is due to the pixels in the northern
region highlighted in the central panels of Fig. 10, and whose
spectrum is plotted in red in Fig. 12. Most of this northern re-
gion has been excluded from our analysis since it is out of the
log U map (Fig. 15, left panel) and therefore of all the subse-
quent maps (this is mainly due to the limited size of the broad
component of the Hβ line, see Fig. B.2), but probably it is part
of the ionised outflow. Interestingly, some molecular clouds are
visible just north of the MEGARA FoV edge in Fig. 2.

Another region left out by Fig. 15 is the NW arc with high
W80 values (Fig. 13), associated with LINER/shock emission in
Figs. C.2 and C.3. This arc begins at the western edge of the
CO(3 − 2) emission, but it may be linked to the high dispersion
values we see going towards NW (bottom panel of Figs. 1 and
17). These two regions may indicate that the outflow (both in the
ionised and molecular phases) has a larger size than the ones we
derive with the present analysis. However, a more detailed map-
ping of the aforementioned areas is needed to draw meaningful
conclusions.

The immediate vicinity of the AGN is relatively devoid of
Ṁion

out , due to the small amount of Mion
out (see Fig. 15) in this re-

gion. This may stem from the observed ionised wind being a
past outflow episode, now situated ∼ 100 pc from the centre,
where it encounters resistance from the surrounding ISM. This
corresponds to the same distance at which we observe a peak
in the molecular mass outflow rate (Fig. 9), with the caveat that
we are seeing projected distances for the ionised outflow, and
deprojected distances (on the disc plane) for the molecular out-

flow. We subsequently compare the two phases in detail in the
next section.

6. Discussion

6.1. The case for elliptical motions due to a bar

Being highly inclined, it is challenging to prove (or disprove) the
presence of a bar in NGC 5506. de Vaucouleurs et al. (1991) clas-
sified this galaxy as a peculiar edge-on Sa, while Baillard et al.
(2011), by analysing SDSS images, signalled the presence of a
"barely visible" stellar bar (with confidence ranging from "no
bar" to "bar long about half D25"). By inspecting PanSTARRS
images we could in fact recognise an X-shape, typical of edge-
on barred galaxies (Baba et al. 2022).

Edge-on barred galaxies typically display clearly separate
components on the gas PV diagrams (see e.g. the compilation by
Bureau & Freeman 1999). This is not evident on the molecular
PV diagrams of NGC 5506 (Figs. 4 and 6), whereas instead it is
noticeable on the major axis of NGC 7172 (Alonso-Herrero et al.
2023, Figs. 8 and 10), which is also a highly inclined galaxy.
With the exception of the X-shape on the minor axis (explained
in Section 5.1, see also Fig. 12), the same applies for the PV dia-
grams of the ionised gas (Fig. 11). This, however, could be to an
unfavourable orientation of the bar, being too close to the minor
axis to produce any apparent perturbation. It is also worth not-
ing that NLSy1s as NGC 5506 are usually associated with the
presence of a bar (Crenshaw et al. 2003).

The fact that we see disturbed molecular clouds on the north-
west and south-east (Fig. 1, bottom panel), may be an indica-
tion of interaction of the ionised outflow with the molecular disc
(Fig. 17). In the following section, we aim to provide a more
comprehensive description of the interaction. However, it is im-
portant to note that we cannot rule out the potential existence of
a bar within the central kiloparsec. Consequently, in our analysis
of molecular inflow/outflow velocities (Fig. 8, bottom panel), we
treat these results as upper limits.

6.2. Comparing molecular and ionised outflows

In Section 4 we modelled the ALMA CO(3−2) kinematics, find-
ing a rotating disc along PA = 265◦, within which the gas is also
outflowing. The most intense region of the molecular outflow is
at r ∼ 100 pc, with vmol

out,max = 50 km s−1 and Ṁmol
out,max = 28

M⊙ yr−1. This is also where most of the molecular mass resides.
Another region of interest is at r ∼ 250 pc, where we found a
second, more modest, peak of Ṁmol

out (250 pc) = 11 M⊙ yr−1. We
plotted the circles of radii 100 and 250 pc in Fig. 17. If we follow
the PA = 265◦ dashed line on the eastern side, we find enhanced
values of Ṁion

out at such radii. This could be an evidence of inter-
action between the ionised AGN wind and the molecular disc,
where we are seeing perhaps two different outflow episodes, in
which case, from the 150 pc distance between the episodes, we
can calculate, given a 500 km s−1 velocity, a ∆tout = 0.3 Myr
(similar to the AGN flickering timescale derived by Schawinski
et al. 2015; King & Nixon 2015).

We can have a closer look at the interaction between the
ionised and molecular gas by plotting the CO(3 − 2) dispersion
contours against the ionised mass outflow rate map, as in Fig. 17:
not only do the Ṁion

out regions at 100 and 250 pc east from the
AGN correlate with high CO dispersion (σCO ≥ 50 km s−1), but
also the region ∼ 1.5′′ NW has both a local excess of Ṁion

out and
high σCO (up to 61 km s−1). From Fig. 17 (but also from Fig. 1)
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Fig. 18. Scenario (not to scale) for the intersection between the molecular disc (the red and blue ellipse) and the ionisation bicone. In the disc of
the galaxy, traced by the molecular gas, we mark the AGN position (white star) and the proposed interactions between the two gas phases (black
asterisk symbols). The 300-pc radio (at 8.46 GHz) and soft X-ray (below 1 keV) emission is depicted in yellow. Along the ±5′′ lines of sight, we
draw clouds on the edge of the bicone, colour-coded depending on whether the gas is blueshifted or redshifted.

it seems NGC 5506 would be in the weak coupling scenario de-
scribed by Ramos Almeida et al. (2022), i.e. where the biconi-
cal ionised outflow intercepts the molecular disc only partially,
launching a modest molecular outflow (see also Alonso-Herrero
et al. 2023). This would be in agreement with the bicone model
fitted by Fischer et al. (2013) for NGC 5506: they found the in-
clination between the bicone and the host galaxy disc to be 32◦,
less than the maximum half-opening angle of the bicone (40◦,
see Table 6 in Fischer et al. 2013).

We draw a tentative sketch of the relative positions of the
molecular disc and the ionised bicone in Fig. 18. Every line of
sight intercepts both approaching and receding sides of the bi-
cone, resulting in a mix of blueshifted and redshifted velocities
(as in Fig. 13). Once we are far enough from the disc plane (∼ 5′′
north and south), the edges of the bicone start to appear distinct
on the spectra (Fig. 12): this would point out a hollow bicone.
The southern nearest and northern farthest bicone edges inter-
cept the molecular disc, hence rising the CO velocity dispersion
and causing the molecular ring to outflow on the disc plane: this
results in high CO dispersion on the SE-NW direction (Fig. 17),
and in an asymmetry in the CO(3 − 2) PV diagram on the red-
shifted northern - blueshifted southern directions (Fig. 6, bottom
panel).

An exception to the spatial correlation between σCO and
Ṁion

out is in the immediate vicinity of the AGN: there the CO line
broadening is probably due to the presence, in a small space, of
multiple components of CO velocities, even due to ordered ro-

tation alone. Nevertheless, this region also has a deficit of CO
emission (see Fig. 1 and García-Burillo et al. 2021), which may
be another indication of multiphase feedback.

If we adopt the scenario drawn in Fig. 18, then the ionised
outflow velocities we measured, especially the redshifted ones
in the north and the blueshifted in the south, are lower limits
due to projection effects. We did not perform a modelling of the
bicone (so its opening angle in Fig. 18 is only qualitative), but if
we adopt an half-opening angle of 40◦ (Fischer et al. 2013), we
can derive a multiplicative factor of 1/ sin(40◦) = 1.56, which
would result in an average deprojected vion

out = 657 ± 151 km s−1.
Being the deprojected Rion

out affected in the same way, this would
not change the Ṁion

out .
If the AGN wind seen with the [OIII] and the outflowing CO

ring are physically connected, we expect the kinetic energy rate
(Ėout) or the momentum rate (Ṗout) to be conserved (see King
& Pounds 2015, and references therein). These two quantities
can be straightforwardly calculated as Ėout = Ṁoutv2

out/2 and
Ṗout = Ṁoutvout. The values (listed in Table 2) point to a energy-
driven rather than momentum-driven outflow (King & Pounds
2015; Veilleux et al. 2020): in such outflows, the momentum un-
dergoes a boost (e.g. Veilleux et al. 2020; Longinotti et al. 2023),
which in our case is Ṗmol/Ṗion = 7. However, if we use the val-
ues derived by Davies et al. (2020) for the ionised outflow, the
ratio of the momentum rates would be ∼ 1.2, rather indicating
a momentum-driven outflow. Given the observed Lbol and λEdd
(see Table 1), a radiation pressure-driven wind would predict an
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Table 2. Results for the molecular and ionised phases of the AGN out-
flow. The distance from the AGN Rout is in different directions for the
two phases.

Property Molecular Ionised

Rout [pc] 610 525
vout [km s−1] 26 ± 9 422 ± 97
Mout [M⊙] 1.7 × 108 9.4 × 104

Ṁout [M⊙ yr−1] 8 ± 3 0.08 ± 0.02
Ėout [1039 erg s−1] 1.7 ± 1 4.3 ± 1.7
Ṗout [1032 dyn] 13.1 ± 6.7 2.0 ± 0.7

Notes. Molecular vout, Ṁout, Ėout, and Ṗout are
upper limits, due to the possible presence of el-
liptical motions associated with a nuclear bar.
All the ionised values (except Mout and Ṁout) are
lower limits, since Rout and vout are projected (on
the plane of the sky) measurements.

Fig. 19. Same as Fig. 17 but with the Schmitt et al. (2001) 3.6 cm VLA
contours, at log(S ν/Jy beam−1) = (−4,−3.5,−3,−2.5,−2), in black.
The black circle in the bottom right is the MEGARA seeing conditions,
with the VLA beam ellipse within it in white.

outflow of ∼ 3 M⊙ yr−1 (Hönig 2019), not too far from our Ṁmol
out

value: this also would point to a momentum-driven scenario.
We highlight that the dichotomy between energy and mo-

mentum conservation refers to single or continuous outflow
episodes. In the case of NGC 5506, we may be observing the
stratification of multiple outflows, a possibility explored also in
the next section. Taking everything into account, if the ionised
wind is pushing and dragging the molecular gas, it currently
seems to impact only the inner part of the molecular ring. At
this stage, the AGN wind appears to be relatively ineffective in
clearing the entire galaxy (which is common in local systems,
see e.g. Fluetsch et al. 2019).

6.3. Extending the spectrum: radio and X-ray literature

Despite its classification as a radio-quiet galaxy (Terao et al.
2016), NGC 5506 has been detected in the radio band in sev-
eral studies. Wehrle & Morris (1987) detected, with the VLA
at 5 GHz, a radio bubble, NW from the nucleus, also visible
in the 8.46 GHz VLA A-array continuum image presented by

Schmitt et al. (2001). In Fig. 19 we plot the contours of Schmitt
et al. (2001) VLA image against the ionised mass outflow rate
map, where we can see that the radio bubble observed by Wehrle
& Morris (1987) perfectly overlaps with the ∼ 1.5′′ region that
has both high Ṁion

out and high σCO. The extended ∼ 300 pc VLA
emission in Fig. 19 is well aligned with the galactic disc (PA
= 265◦), but extends below and (mostly) over it, following the
[OIII] emission. Orienti & Prieto (2010) measured, for this dif-
fuse radio emission, a steep spectral index α = 0.9, which com-
bined with the size < 1 kpc, would make it a compact steep
spectrum (CSS) radio source (e.g. Dallacasa et al. 2013; O’Dea
& Saikia 2021).

The VLA contours shown in Fig. 19 are also spatially co-
incident with the soft X-ray (below 1 keV) emission observed,
with the Chandra X-ray Observatory, by Bianchi et al. (2003).
Their main explanation is that the photoionised gas (that we
clearly see with MEGARA, Fig. 2, even if more extended than
300 pc) is reprocessing the nuclear X-ray emission. However,
since we detect velocities up to ∼ 600 km s−1 out to 300 pc from
the AGN, the expected temperature of the shocked emission is
kT ≈ 1.3(vshock/103)2 keV ≈ 0.5 keV (Fornasini et al. 2022),
which could suggest a thermal emission for the Chandra soft
X-ray observation (see also Paggi et al. 2012).

High-resolution radio observations made with the Very Long
Basement Array (VLBA) at different frequencies (1.6 - 15 GHz,
Roy et al. 2000), show a sub-relativistic (v jet ≤ 0.25c) one-
sided jet, initially oriented 70◦ anticlockwise from the north (so
roughly as the CO disc), and then bending 90◦ towards the south
(Kinney et al. 2000), at 3.4 pc (∼ 0.03′′) from the core emission.
In Roy et al. (2001) they argue that the counterjet is not visible
because of free-free absorption (rather than doppler boosting),
and that the bend might be a sign of interaction between the jet
and the NLR gas on parsec scales. Middelberg et al. (2004) col-
lected different-epochs EVN, MERLIN and VLBA observations,
and reported a 3σ upper limit of 0.50c for the jet motion with re-
spect to the core. Gallimore et al. (2006) argue that the diffuse
emission on the 300-pc scale (Fig. 19 and Schmitt et al. 2001), is
attributed to the parsec-scale jet observed by Roy et al. (2000).
The misalignment between the jet trajectory (initially pointing
at ∼ 70◦ anticlockwise from north and later bending ∼ 90◦ to-
wards the south) and the elongation of the diffuse radio emission
towards the north direction can be explained by either jet pre-
cession or jet-ISM interactions (Gallimore et al. 2006, and also
Xanthopoulos et al. 2010 come to the same conclusions).

Interestingly, such high velocities are also seen via absorp-
tion of the hard X-ray Fe XXVI Lyα line. The UFO in NGC 5506
has been observed and studied by Gofford et al. (2013) and Gof-
ford et al. (2015), where they find vUFO = 0.246 ± 0.006 c.
The momentum rate released by such a UFO ranges between
5 × 1033 and 5 × 1035 dyn, where this large uncertainty mostly
comes from the estimation of the distance between the UFO and
the AGN (see Tombesi et al. 2013, for a detailed derivation of
the UFO parameters). Even the lower limit of ṖUFO

out is 3.8 times
the molecular one (see Fig. 20). If we accept as good all these
different measurements, a plausible explanation for this momen-
tum decrease (instead of the boost required in the energy-driven
scenario, or the constant Ṗout in the momentum-driven scenario)
is, again, that we are seeing different outflow episodes, among
which the UFO is the most recent (also Sebastian et al. 2020,
suggest multiple activity episodes for NGC 5506 from analysing
polarised radio data). X-ray observations have shown in fact con-
tinuous rapid variation among different epochs (McHardy & Cz-
erny 1987; Uttley & McHardy 2005; Sun et al. 2018), even sug-
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Fig. 20. Outflow momentum rate divided by the AGN radiation momen-
tum rate Lbol/c (also called wind momentum load) as a function of the
outflow velocity vout for the molecular gas (in blue), the ionised gas (in
orange), and the UFO (in green).

gesting the presence of a supermassive black hole binary system
(Manchanda 2006).

Both relativistic jets (e.g. Mukherjee et al. 2018; Audibert
et al. 2023, but also low-power jets, e.g. Venturi et al. 2021;
Pereira-Santaella et al. 2022) and UFOs (e.g. Marasco et al.
2020; Longinotti et al. 2023; Salomé et al. 2023) are thought to
be the initial trigger of galaxy-scale ionised and molecular out-
flows (see Singha et al. 2023, for a recent discussion). Another
possibility is that the VLBI radio structures seen by Roy et al.
(2000) are shock signatures left by the X-ray UFO (Longinotti
et al. 2018).

7. Summary and conclusions

We presented new GTC/MEGARA optical IFU observations of
NGC 5506, complemented with ALMA Band 7 observations of
the CO(3 − 2) transition (García-Burillo et al. 2021). NGC 5506
is a nearby (D = 26 Mpc) luminous (Lbol ∼ 1.3 × 1044 erg s−1)
Seyfert galaxy, part of the GATOS sample (García-Burillo et al.
2021; Alonso-Herrero et al. 2021). The angular resolution of
the ALMA observation (0.21′′ × 0.13′′) allows us to probe re-
gions on physical scales of ∼ 25 pc for the molecular gas. The
GTC/MEGARA observation, with a seeing of 0.9′′ (correspond-
ing to ∼ 113 pc at the distance of NGC 5506), offers a spectral
resolution enabling the analysis of velocities as low as ∼ 14 km
s−1.

The CO(3 − 2) map reveals a highly inclined (i = 80◦) cold
molecular gas ring, symmetric up to a radius of 3.5′′ ∼ 438 pc,
with an eastern tail extending up to a 8′′ ∼ 1 kpc radius. The cold
molecular gas mass of the ring is ∼ 2.3 × 108 M⊙, calculated as-
suming a brightness temperature ratio of TB,CO(3−2)/TB,CO(1−0) =
0.7 and a Galactic CO-to-H2 conversion factor. The CO(3 − 2)
kinematics reveal a rotating disc, flattening at 193 km s−1 around
r = 440 pc, with clear signatures of non-circular motions. A
3DBarolo model of a rotating disc with a radial velocity com-
ponent reproduces reasonably well the observed CO kinematics,
interpreted as a rotating and outflowing molecular ring. Within

a 0.4′′ radius, fitted radial velocities are directed towards the
centre, potentially indicating AGN feeding, though this finding
could not be confirmed since this radius is very close to the
ALMA beam size. At larger radii, the radial velocity is directed
outwards, decreasing from a maximum of 50 km s−1 to an aver-
age of 26 km s−1. The maximum molecular outflow radius is 610
pc, within which we calculate an integrated molecular gas mass
outflow rate of ∼ 8 ± 3 M⊙ yr−1.

We detected several bright emission lines in the MEGARA
spectra, with [OIII]λ5007 standing out as the brightest. The spa-
tially resolved BPT diagnostic diagrams predominantly reveal
Sy-like excitation, ruling out a significant contribution from star
formation over a projected region of 1.5 kpc × 1.4 kpc. The
[OIII] kinematics appear to be dominated by the outflowing
gas. Nevertheless, we separated disc rotation from non-circular
motion spaxel-by-spaxel, employing both parametric and non-
parametric methods. The ionised gas exhibits a slower rotation
speed than the molecular gas (∼ 190 km s−1), with Hα, [NII] and
[SII] reaching 120 km s−1. Conversely, we detected [OIII] radial
velocities up to 1000 km s−1, both approaching and receding.
Emplying a non-parametric analysis of the line wings of [OIII]
emission, we derived an average ionised gas outflow velocity of
422 km s−1 within a radius of 525 pc. To estimate the outflowing
mass, we utilised the broad component intensity maps from the
double Gaussian decomposition. We calculated the electron den-
sity in every spaxel using the ionisation parameter method. This
analysis yielded an outflowing mass of 9.8×104 M⊙, resulting in
an ionised mass outflow rate of Ṁion

out = 0.076 ± 0.017 M⊙ yr−1.
We compared the spatially resolved map of Ṁion

out with the
CO(3 − 2) velocity dispersion map, identifying spatial correla-
tion between the two. The ionised outflow does not appear per-
pendicular to the plane of the galaxy; instead, it likely lies at a
small angle relative to the disc. This results in a good geometri-
cal coupling between the two phases. We also found diffuse radio
and soft X-ray emission to spatially correlate with the observed
[OIII] emission and Ṁion

out .
Various results, both from this study and the literature, sug-

gest a diverse history of outflows for NGC 5506. These out-
flows may be associated with the presence of a parsec-scale ra-
dio jet, a 0.25c UFO, or a combination of both. New ALMA and
JWST observations, offering a higher resolution view of the nu-
clear region of NGC 5506, will soon become available as part of
the GATOS project. These observations may eventually enhance
our understanding of the complex interactions between the sub-
parsec radio jet, the UFO, the ionised wind, and the molecular
torus and disc.
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Fig. A.1. Residuals of the [OIII] ALUCINE fit (defined as |observations
- model|) divided by the observed peak flux, in every spaxel, in percent-
age.

Appendix A: Goodness of ALUCINE fit

See Fig. A.1.

Appendix B: Gaussian decomposition of MEGARA
lines

See Figs. B.1, B.2, B.3, B.4, and B.5.

Appendix C: BPT diagrams of MEGARA lines

See Figs. C.1, C.2 and C.3.

Appendix D: Mean velocities radial profiles of all
MEGARA lines

See Fig. D.1.
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Fig. B.1. Gaussian decomposition made by ALUCINE for the Hα line. Top and bottom panels are for narrow and broad component, respectively,
while in the three columns, from left to right, are the intensity, velocity, and velocity dispersion maps. The AGN position is marked with a black
star symbol, and distances are measured from it. The white circle in the bottom left is the MEGARA seeing conditions.

Fig. B.2. Same as Fig. B.1, but for the Hβ line.
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Fig. B.3. Same as Fig. B.1, but for the [NII]λλ6548, 6583 doublet. The intensity maps show the sum of the two lines of the doublet, while the
kinematics are assumed to be the same between the two lines. The [NII] emission is fitted together with the blended Hα line (Fig. B.1) to properly
separate their kinematics.

Fig. B.4. Same as Fig. B.1, but for the [SII]λλ6716, 6731 doublet. The intensity maps show the sum of the two lines of the doublet, while the
kinematics are assumed to be the same between the two lines.
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Fig. B.5. Same as Fig. B.1, but for the [OI]λ6300 line.
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Fig. C.1. Diagnostic Baldwin, Phillips, Telervich (BPT) diagram (Bald-
win et al. 1981; Veilleux & Osterbrock 1987) of [OIII]/Hβ vs [NII]/Hα
line ratios, for the narrow (left panels) and broad (right panels) com-
ponents of the ionised gas. Solid and dashed black lines are empirical
curves derived by Kewley et al. (2001) and Kauffmann et al. (2003),
that separate different excitation mechanisms, marked on the plots as
SF (star formation) and AGN. The spaxels are coloured depending on
their distance from the separation lines, and are plotted with the same
colours in the spatially resolved maps (bottom panels). The black star
marks the AGN position.

Fig. C.2. Same as Fig. C.1, but for the [OIII]/Hβ vs [SII]/Hα. The dif-
ferent excitation mechanisms are marked on the plots as SF (star forma-
tion), Sy (Seyfert), and LINER (low-ionisation nuclear emission-line
region), with separation lines from Veilleux & Osterbrock (1987).

Fig. C.3. Same as Fig. C.1, but for the [OIII]/Hβ vs [OI]/Hα. The dif-
ferent excitation mechanisms are marked on the plots as SF (star forma-
tion), Sy (Seyfert), and LINER (low-ionisation nuclear emission-line
region), with separation lines from Veilleux & Osterbrock (1987).

Fig. D.1. Same as Fig. 14, but for all the ionised gas emission lines.
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