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ABSTRACT

How galaxies regulate nuclear growth through gas accretion by supermassive black holes (SMBHs) is one of the most fundamental
questions in galaxy evolution. One potential way to regulate nuclear growth is through a galactic wind that removes gas from the
nucleus. It is unclear whether galactic winds are powered by jets, mechanical winds, radiation, or via magnetohydrodynamic (MHD)
processes. Compact obscured nuclei represent a significant phase of galactic nuclear growth. These galaxies hide growing SMBHs or
unusual starbursts in their very opaque, extremely compact (r < 100 pc) centres. They are found in approximately 30% of the luminous
and ultra-luminous infrared galaxy population. Here, we present high-resolution ALMA observations (∼30 mas, ∼5 pc) of ground-
state and vibrationally excited HCN towards ESO 320-G030 (IRAS 11506-3851). ESO 320-G030 is an isolated luminous infrared
galaxy known to host a compact obscured nucleus and a kiloparsec-scale molecular wind. Our analysis of these high-resolution
observations excludes the possibility of a starburst-driven wind, a mechanically or energy driven active galactic nucleus wind, and
exposes a molecular MDH wind. These results imply that the nuclear evolution of galaxies and the growth of SMBHs are similar
to the growth of hot cores or protostars where gravitational collapse of the nuclear torus drives a MHD wind. These results mean
galaxies are capable, in part, of regulating the evolution of their nuclei without feedback.

Key words. galaxies: evolution – galaxies: ISM – galaxies: clusters: individual: ESO 320-G030 – galaxies: nuclei –
galaxies: structure

1. Introduction

A fundamental process in galaxy evolution is supermas-
sive black hole (SMBH) growth (e.g., Sanders & Mirabel

1996; Ferrarese & Merritt 2000; Fabian 2012). One potential
way to regulate nuclear growth is through feedback. Energy
and momentum injected into the interstellar medium (ISM)
from intense episodes of star formation (e.g., Lehnert et al.
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1999; Leroy et al. 2018; Bolatto et al. 2021) and active galac-
tic nuclei (AGNs; e.g., García-Burillo et al. 2014) can hinder
nuclear growth by removing gas in the form of galactic winds,
which are commonly observed in galaxies (Veilleux et al. 2020).
Astronomers currently debate whether AGN-driven galactic
outflows are fuelled by jets, mechanical winds, or radiation
(Faucher-Giguère & Quataert 2012; Wada 2012; Costa et al.
2014; Veilleux et al. 2020; Ishibashi et al. 2021). Magnetohy-
drodynamic (MHD) winds, which are not the result of feedback,
could also regulate nuclear growth (e.g., Chan & Krolik 2017;
Vollmer et al. 2018; Girichidis et al. 2018; Takasao et al. 2022),
as suggested by Aalto et al. (2020) within the galaxy NGC 1377.
MHD winds remove material from the nucleus, but also allow
for accretion onto a central object by removing angular momen-
tum from the system (Blandford & Payne 1982; Ray & Ferreira
2021). Although radio jets are a MHD phenomenon that may
entrain molecular gas (e.g., Morganti et al. 2007), molecular
MHD winds are a less widely accepted explanation for the mech-
anism behind galactic winds.

Hiding either growing SMBHs or unusual starbursts, com-
pact obscured nuclei (CONs) represent a key phase of galactic
nuclear evolution (Aalto et al. 2015b). The most intense phase of
SMBH growth is theorized to occur when it is profoundly dust
enshrouded (Hickox & Alexander 2018, and references therein).
CONs are galaxy nuclei that are compact (r < 100 pc), hot
(T > 100 K), and opaque (N(H2)> 1024 cm−2), and identified
by a luminosity surface density of the vibrationally excited
HCN v2 = 1 f J = 3–2 (HCN-vib) transition (rest frequency
265.85270940 GHz) greater than 1 L� pc−2. It is established that
about ∼40% of ultra-luminous infrared galaxies (ULIRGs) and
∼20% of luminous infrared galaxies (LIRGs) contain CONs
within the nearby universe (DL . 100 Mpc, Falstad et al. 2021).
CON nuclei are thought to be almost completely opaque with
extinctions of Av > 1000 (e.g., Treister et al. 2010; Roche et al.
2015). These galaxies provide an opportunity for us to investi-
gate the correlations between the nuclear growth processes in
galaxies, SMBHs, and global galaxy characteristics.

Falstad et al. (2021) identified ESO 320-G030 (IRAS
F11506-3851) as a host to a CON with a HCN-vib luminos-
ity of 1.4± 0.2 L� pc−2. ESO 320-G030 is an isolated LIRG
(Sanders et al. 2003), with regular rotation (Bellocchi et al.
2013), a double-barred structure (Greusard et al. 2000), and no
signs of a recent interaction (Arribas et al. 2008). It has a lumi-
nosity distance of 36 Mpc (z = 0.0103) (Sanders et al. 2003)
using a flat cosmology with H0 = 75 km s−1 Mpc−1, ΩM =
0.3, and ΩΛ = 0.7. The systemic velocity is ∼3080 km s−1

(Pereira-Santaella et al. 2016) and it has an infrared luminosity
of ∼1011 L� (Sanders et al. 2003). It lacks traditional indica-
tions of an AGN based on X-ray or mid-infrared observa-
tions (Pereira-Santaella et al. 2010, 2011), and it lacks the flat
radio spectrum of a radio-loud AGN (Baan & Klöckner 2006)
to power its OH megamaser (Staveley-Smith et al. 1992). The
galaxy harbours a multiphase outflow observed from 100 pc to
kiloparsec scales (e.g., Arribas et al. 2014; Cazzoli et al. 2014;
Pereira-Santaella et al. 2016, 2020), but the source of this out-
flow is claimed to be within the innermost 250 pc of the galaxy’s
nucleus (Pereira-Santaella et al. 2020).

In this work we present high-resolution (∼30 mas, ∼5 pc)
Atacama Large Millimeter/Submillimeter Array (ALMA) obser-
vations of ESO 320-G030. Due to the proximity of ESO 320-
G030, and the high quality of the ALMA data, we are able to
reveal the launching region of the molecular outflow. We present
the properties of the observations in Sect. 2, and the observed
properties of both ground-state and vibrationally excited HCN

transitions as well as the continuum emission in Sect. 3. In
Sect. 4 we discuss the nuclear – and outflow – properties of
ESO 320-G030. Our findings on the wind origin are summarized
in Sect. 5.

2. Observations

Our ALMA observations are part of the CONfirm project (PI
Falstad, N., project code 2019.1.01612.S) which contain the
HCN ν = 0, J = 3−2 (rest frequency 265.8864343 GHz) and
HCN ν2 = 1 f , J = 3−2 transitions (hereafter HCN-vib, rest fre-
quency 267.19928300 GHz) towards ESO 320-G030. We com-
bine three scheduling blocks, two from September 6, 2021, and
one from September 28, 2021. The three scheduling blocks
utilized 42, 42, and 44 antennas, respectively. The respective
average precipitable water vapour was ∼2.1 mm, ∼2.2 mm, and
∼0.7 mm. The longest baseline was 16.2 km corresponding to
the highest possible angular resolution of 20 mas at 260 GHz.
The fifth percentile baseline length corresponds to a maximum
recoverable scale of 0′′.4.

The calibration of and imaging of the data were done
in CASA (CASA Team 2022). The spectral setup consists
of two 1.875 GHz spectral windows containing 240 chan-
nels centred at 265.005 GHz and 263.182 GHz. Two additional
2.000 GHz spectral windows with 128 channels are centred at
248.447 GHz and 250.427 GHz. The original synthesized beam
is 30.9 mas× 28.8 mas with a natural weighting of the visibil-
ities. The final image cubes have 18 MHz wide (∼20 km s−1)
channels imaged to a common beam of 31 mas× 31 mas
(5.3 pc× 5.3 pc at a distance of 36 Mpc) with 6.5 mas pixels,
resulting in a root-mean-square (rms) of 0.22 mJy beam−1.

3. Results

3.1. Continuum

We have combined the two 2.0 GHz spectral windows and the
line-free channels from the 1.875 GHz spectral windows to
generate a 256 GHz continuum image (Fig. 1) with a rms of
21 µJy beam−1. A two-dimensional Gaussian fit to the contin-
uum emission, masking pixels below 80% of the peak inten-
sity, reveals a central deconvolved source with a full width at
half maximum (FWHM) of 68.2± 0.8 mas by 30.5± 0.4 mas at
a position angle of 120.8 ± 0.5◦. At a distance of 36 Mpc, the
physical size is 11.9 × 5.3 pc, that is, of a similar size to nearby
dusty AGN tori (Combes et al. 2019; García-Burillo et al. 2021).

3.2. HCN emission

We used the STATCONT software package (Sánchez-Monge et al.
2018) to perform the continuum subtraction on the image cubes.
STATCONT statistically derives the continuum on a pixel-by-
pixel basis. We utilized the sigma clipping method and specify a
rms of 0.22 mJy beam−1 per channel.

Both the vibrational ground and first excited states of HCN
3−2 have been detected towards ESO 320-G030. Ground-state
HCN 3−2 emission is observed in a ∼0′′.5 (87 pc) structure,
whereas the excited vibrational state (HCN-vib) is only detected
in the innermost 80 mas (14 pc; Fig. 1). Figures 2 and 3 show
the respective integrated intensity and intensity-weighted veloc-
ity maps of the ground-state HCN J = 3−2 line. The intensity-
weighted velocity maps only include pixels >3× rms of the data
cube. The ground-state line is generally seen in emission, though
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Fig. 1. Integrated flux map of the vibrationally excited HCN ν2 = 1 f ,
J = 3−2 transition. The contours show the 256 GHz continuum with
levels at 0.02× (3, 6, 12, 24, 48, and 96) mJy beam−1. The cross indi-
cates the position and orientation of the 68.2 mas by 30.5 mas Gaussian
fit to the continuum peak.
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Fig. 2. Integrated flux map (moment 0) of the ground-state HCN J =
3−2 transition. The contour levels are 0.039× (4, 8, 16, and 32)
Jy beam−1 km s−1.

it can be seen in absorption towards the peak of the continuum
(Fig. 2).

The ground-state HCN intensity-weighted velocity map indi-
cates a two-sided outflow, with the blueshifted lobe proceed-
ing to the northeast and the redshifted lobe proceeding to the
southwest. The outflow has observed velocities >100 km s−1 in
both directions (Fig. 3). The HCN-vib intensity-weighted veloc-
ity map (Fig. 4) shows rotation in the centremost 20 pc.

3.3. Vibrational HCN morphology

The rotational transitions of vibrationally excited HCN occur
in the ν2 = 1 state, which has an energy above the ground
state of 1024 K. A critical density of ∼1011 cm−3 is necessary
to collisionally excite these transitions (Ziurys & Turner 1986),
making HCN-vib emission a viable probe of the opaque nuclei
of galaxies (e.g., Martín et al. 2016). The high critical density
likely means that radiative excitation populates the vibrationally
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Fig. 3. Intensity-weighted velocity map (moment 1) of the ground-state
HCN J = 3−2 transition. The contours range from 2850 km s−1 to
3250 km s−1 with steps of 50 km s−1. The black line indicates the major
axis of the two-dimensional Gaussian fit to the peak intensity of the
continuum. The rough location and direction of the outflow (this work)
is indicated by the dashed arrows.
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Fig. 4. Intensity-weighted velocity field (moment 1) of the vibrationally
excited HCN-vib transition, showing the base of the outflow. The black
line indicates the major axis of the two-dimensional Gaussian fit to the
peak intensity of the continuum. The rough location and direction of the
outflow is indicated by the dashed arrows. Rotation is seen along the
major axis of the continuum, with the blueshifted side to the northwest.
The red and blue contours are integrated flux maps of |v| > 100 km s−1

HCN-vib emission with levels at three and eight times 0.012 Jy km s−1.
These contours show that the HCN-vib emission is extended along the
outflow, and that the outflow is launched from similarly rotating sides
of the nucleus.

excited states. Aalto et al. (2015a) claim HCN-vib can directly
trace the structure and dynamics of optically thick dust cores.

The HCN-vib traces a compact region about the nucleus
approximately 80 mas (14 pc) in diameter. The velocity field
shows rotation with a projected velocity of roughly 100 km s−1.
Integrated flux maps (|v| > 100 km s−1 with respect to the sys-
temic velocity) indicate that emission is extended along the axis
of the molecular outflow (Fig. 4).
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Fig. 5. Integrated ground-state HCN ν = 0 J =
3−2 emission (gray scale), with |v| > 100 km s−1

(with respect to the systemic velocity) contours
at 0.015× (3, 5, 8, and 13) Jy km s−1. The blue
contours show the approaching outflow, and the
red contours show the receding outflow. The
white contours show the v > 200 km s−1 gas.
The black line indicates the major axis of the
two-dimensional Gaussian fit to the peak inten-
sity of the continuum. The dashed black line
indicates the orientation of the outflow indicated
by Pereira-Santaella et al. (2016, 2020), and the
arrows indicate the tentative direction of a radio
elongation from Hekatelyne et al. (2020).

4. Discussion

4.1. Outflow morphology

To image the outflow, we created two HCN 3–2 integrated flux
maps.Weincludedchannels that, byeye, aredominatedby theout-
flow |v − vsys| > 100 km s−1 (Fig. 5). We observed the outflow out
to 0′′.3 (52 pc) in HCN 3–2. We also applied a Hanning kernel data
cube, degrading the spectral resolution to 36 MHz (∼40 km s−1)
and thus improving the rms to 0.14 mJy beam−1. Figure 6 shows
five individual channels of the ground-state HCN line.

In Fig. 5 the black bar shows the orientation of the nuclear
region for reference, and the base of the outflow is seen sepa-
rated by the approximate width of the continuum. There exists
a velocity shift along the major axis of the continuum that is
consistent with the rotation observed in the HCN-vib line. The
velocity shift in the outflow is approximately ±150 km s−1 (pro-
jected). The gas is roughly consistent with the 200 pc to kilo-
parsec scale outflow observed by Pereira-Santaella et al. (2016,
2020) with position angles between −10◦ and 53◦ (Fig. 5) and
with velocities of |v| < 300 km s−1.

What is spectacular about the outflow morphology is that
the launching regions are apparent and connected to the rotating
nuclear structure in the innermost ∼12 pc. The launch region of
the blueshifted lobe is clearly separated from the redshifted lobe.
Additionally, in Fig. 6 the blue contours (3124 km s−1) indicate
the approaching side of the redshifted lobe and the red contours
(3163 km s−1) show the receding side of the redshifted lobe.
There is a clear east-west shift in the redshifted lobe, indicative
of rotation in the outflow (see Fig. 12 from Aalto et al. 2020).
The 3242 km s−1 contours (white) also show evidence of a highly
inclined disk, suggesting the inclination derived from the con-
tinuum is accurate or a lower limit. The flux density drops from
∼7σ to zero within one beam, forming a straight line consistent
with an almost edge-on, or near edge-on, disk.

To estimate the molecular mass of the outflow, we mea-
sured the integrated flux in the maps of the outflowing gas. We

first converted the HCN J = 3–2 line luminosity to HCN 1–
0, assuming a line ratio of 0.5 as in Aalto et al. (2015a). With
this, we utilized the L(HCN)-to-H2 conversion factor, calibrated
for HCN J = 1–0 (Gao & Solomon 2004), and modified for
ULIRGs and HCN-bright environments by García-Burillo et al.
(2012). The conversion is Mdense ≈ 3.1 M�/L′−1 × L(HCN 1−0),
where the units on L′ are K km s−1 pc−2. We measured a total
HCN J = 3−2 luminosity from the blue and red outflows of
3.4 ± 0.1 × 106 K km s−1 pc−2, and obtained an outflow mass of
2.1 × 107 M� within a radius of 52 pc. The mass is a lower limit
as only the higher velocity gas is included in the outflow maps,
and portions of the blueshifted lobe are not included due to line-
of-sight effects as discussed in Sect. 4.3.

4.2. Outflow momentum

We now explain how we estimated the mechanical luminos-
ity of the outflow to attempt to understand the power source.
Momentum-driven outflows may exceed LEdd/c up to a factor
of five (Roth et al. 2012), whereas energy-driven outflows may
exceed 10LEdd/c (Costa et al. 2014). Determining the mechani-
cal luminosity of the molecular outflow is difficult due to sub-
stantial uncertainties on the molecular mass and inclination. The
kinetic energy of the outflow is Eoutflow = (0.5Mout × V2

out) +
Eturb (Veilleux et al. 2001). We assumed that turbulent kinetic
energy is insignificant. We adopted the inclination derived from
the axial ratio of the continuum of 63.4± 0.5◦ and the out-
flow mass derived in the previous paragraph. For a projected
velocity of 217± 14 km s−1, taken from the average of the max-
imum observed velocities of the red (3322 km s−1) and blue
(2828 km s−1) lobes and one channel width uncertainty, the out-
flow velocity is Vout = 515 ± 33 km s−1. The total kinetic
energy of the outflow is then (6.5 ± 0.8) × 1055 erg. For a radial
extent of the outflow of 52 pc, measured from the extent of
the 3.3 Jy km s−1 ground-state HCN contour, this kinetic energy
results in a mechanical luminosity of (5.8 ± 1.1) × 109 L�. It is
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Fig. 6. Integrated ground-state HCN ν =
0 J = 3−2 emission (gray scale), and 36 MHz
(∼40 km s−1) wide channel maps with con-
tours at 0.14× (5, 7, and 9) mJy. The blue
contours show the approaching side of the
redshifted lobe, and the red contours show
the receding side of the redshifted lobe. The
white contours show some of the highest
velocity gas. Black and gray contours show
the blueshifted lobe.

important to note that the following result is a lower limit to the
outflow rate and momentum flux. The outflow rate and momen-
tum flux are respectively 231 ± 15 M� yr−1 and (6.2 ± 0.8) ×
1012 L�/c.

For ESO 320-G030, González-Alfonso et al. (2021) esti-
mate the mass of the black hole, from the MBH/σ relation, to
be between 5 × 106 M� and 8 × 106 M�. The corresponding
Eddington luminosity is 2.1 ± 0.5 × 1011 L�. The momentum
flux of the outflow is 30 ± 7 × LEdd/c for a 6.5 × 106 M� black
hole. It is unlikely that the black hole is much larger than this, as
the enclosed mass estimated from the HCN-vib emission within
70 mas (12 pc) and a rotation of 100 km s−1 is 7 × 107 M�. Fur-
thermore, the outflow momentum flux exceeds the total infrared
luminosity of the galaxy (LIR/c) by a factor of 63 ± 8.

The analysis of the momentum flux reveals that the out-
flow is unlikely to be momentum driven by an AGN, as
this exceeds the factor of five limit estimated by Roth et al.
(2012). It is similarly unlikely to be star formation driven,
since starburst-driven outflows appear to have a momentum
limit of 1–3Lbol/c (Geach et al. 2014). In LIRGs, Lbol ≈ LIR
(Sanders & Mirabel 1996). Hence, even if all the star forma-
tion luminosity was emerging from the inner launch region of
the outflow, the momentum flux is too high by a factor of ten.
In addition, we know that only a small fraction of the star
formation is contained within the nucleus, as revealed by Paα
maps (Sánchez-García et al. 2022), so the infrared momentum
flux of the entire galaxy acts as a conservative upper limit. The
remaining possibilities are an energy-driven AGN wind (e.g.,
Faucher-Giguère & Quataert 2012; Costa et al. 2014), which is
capable of powering momentum fluxes in excess of 10× LEdd/c,
a radio jet, or a MHD-powered wind.

4.3. The outflow power source

It is difficult to ascertain which of the remaining mechanisms,
from the previous section, dominate in ESO 320-G030. A radio-

jet-powered outflow would technically be possible. ESO 320-
G030 shows tentative evidence for a radio jet (Fig. 3 from
Hekatelyne et al. 2020); however, it is incorrectly oriented to
power the molecular outflow (Fig. 5). The radio extension
is also not detected in the higher-resolution observations by
Baan & Klöckner (2006).

A central constituent of an energy-driven AGN wind is a
hot ionized component (Faucher-Giguère & Quataert 2012). The
hot AGN wind entrains molecular gas in the torus, and the
torus collimates the outflow (e.g., García-Burillo et al. 2019).
Cazzoli et al. (2014) suggest that an ionized outflow is some-
times seen in the northeast of the ESO 320-G030. The detec-
tion is very tentative, and claimed to trace the outer edge
of the wind. However, analysis by Bellocchi et al. (2013) and
Pereira-Santaella et al. (2016) do not confirm the existence of
an ionized outflow. The maximum ionized outflow velocity is
estimated to be ∼100 km s−1 (Arribas et al. 2014). In addition,
the X-ray, mid-infrared, optical, and radio spectra do not cor-
roborate the existence of an AGN. ESO 320-G030’s X-ray spec-
trum neither shows the Fe Kα line indicative of Compton-thick
AGN (Pereira-Santaella et al. 2011), nor does the mid-infrared
spectrum show the high ionization AGN lines [Ne V] 14.32 µm,
[Ne V] 24.32 µm, or [O IV] 25.89 µm (Pereira-Santaella et al.
2010). [NII]/Hα and [OIII]/Hβ diagnostics also corroborate the
lack of an AGN. ESO 320-G030 has a HII type spectrum
(van den Broek et al. 1991; Pereira-Santaella et al. 2011), and
it is missing the corresponding radio diagnostics of an AGN
(Baan & Klöckner 2006). These are crucial missing components
to an energy-driven AGN outflow.

The key lies in the morpho-kinematic structure. Figures 5
and 6 clearly reveal the imprint of nuclear rotation in the outflow.
The redshifted and blueshifted lobes of the outflow appear to be
launched from the respective rotating sides of the inner nuclear
structure. The redshifted lobe also shows an east-west velocity
shift (Fig. 6). There also appears to be a deficiency of material on
the blueshifted lobe of the outflow compared with the redshifted
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lobe and higher velocity gas near the nucleus. Furthermore, the
outflow achieves a momentum flux exceeding 30 LEdd/c within a
radius of 100 pc. A 108 M� black hole accreting at the Eddington
accretion rate can produce a momentum flux of ∼26 LEdd/c, but
this requires kiloparsec scales for the outflow to cool (Costa et al.
2014). As ESO 320-G030’s outflow significantly exceeds the
momentum flux upper limit for dusty radiation-driven outflows
on 10∼100 pc scales, and since the SMBH mass cannot exceed
the mass enclosed of 7 × 107 M�, it is highly likely the domi-
nant mechanism driving the outflow is not an energy-driven AGN.
In the protostellar analogy proposed by Gorski et al. (2023), this
makes sense in the context of a rotating infalling envelope and a
MHD-powered outflow (e.g., Sakai et al. 2014; Oya et al. 2014,
2021). The lack of material is a line-of-sight effect where the red-
shifted side of the blueshifted lobe is confused with, or obscured
by, the gas rotating closer to the systemic velocity of the galaxy.
The outflow reappears once it emerges from the apparent extent
of the envelope. The rotation of outflows is a strong indication of
magnetic acceleration (Bjerkeli et al. 2016; Proga 2007, and ref-
erences therein). Pudritz & Banerjee (2005) concluded that jets
and outflows are inherent to the collapse of magnetized cores, and
their properties are independent of the system’s mass. Here, the
outflow emerges from the centre of a rotating disk with a signifi-
cant amount of angular momentum indicative of a MHD wind.

5. Conclusion

The astronomical community actively debates whether galac-
tic outflows are driven by jets, mechanical winds, or radiation.
In this Letter, we present compelling evidence that the out-
flow in ESO 320-G030 is powered by a different mechanism, a
MHD wind launched prior to the ignition of an AGN. The over-
all morpho-kinematic structure appears to be consistent with a
rotating disk and a rotating outflow. Analysis of the momentum
flux excludes mechanically driven AGN, energy-driven AGN, or
starburst-driven winds. The lack of an ionized outflow, or corre-
sponding X-ray, radio, infrared, or optical counterparts suggests
that there is no AGN or very weak AGN incapable of powering
the outflow. What remains is a MHD wind, as evidenced by the
rotating outflow. These results paint the following picture: that
the nuclear evolution of galaxies and the growth of SMBHs is
analogous to the growth of hot cores or protostars; feedback may
not be necessary to drive a galactic wind; and nuclear evolution
is regulated, at least in part, by MHD processes.
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Appendix A: Supplemental plots and figures

Fig. A.1. Spectrum through the peak continuum pixel of two 1.875 GHz
wide bands centred at 265.005 GHz and 263.182 GHz with 32 GHz
(∼40 km s−1) channels. Spectral lines of particular interest are labelled
with vertical lines.
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Fig. A.2. Integrated ground-state HCN ν = 0 J = 3−2 emission, and 36 MHz (∼ 40 km s−1) wide channel maps with solid contours at 0.14 mJy ×
(5, 8, 12,15, and 18). The lowest 0.14 mJy × 3 contour is dotted.
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Fig. A.3. [Left] Integrated ground-state HCN ν = 0 J = 3−2 emission (gray scale), with |v| > 100 km s−1 (with respect to the systemic velocity)
contours at 0.015 × (3, 5, 8, and 13) Jy km s−1. The blue contours show the approaching outflow, and the red contours show the receding outflow.
The dashed black bar indicates the region of the position velocity cut through the redshifted outflow lobe. [Right] Position velocity cut with
0.11 mJy × (3, 5, and 8) contours. The dashed magenta cartoon ellipse shows the characteristic ring of emission indicative of a rotating outflow.
The dashed black line shows the systemic velocity of ESO 320-G030.

Fig. A.4. [Left] Integrated ground-state HCN ν = 0 J = 3−2 emission (gray scale), with |v| > 100 km s−1 (with respect to the systemic velocity)
contours at 0.015 × (3, 5, 8, and 13) Jy km s−1. The blue contours show the approaching outflow, and the red contours show the receding outflow.
The dashed black bar indicates the region of the position velocity cut through the redshifted outflow lobe. [Right] Position velocity cut with
0.11 mJy × (3, 5, and 8) contours. The dashed black line shows the systemic velocity of ESO 320-G030.
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