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A B S T R A C T 

We study the ionized and highly ionized gas phases in the Seyfert 2 galaxy IC 5063 by means of the Very Large Telescope 
(VLT)/Multi-Unit Spectroscopic Explorer (MUSE) integral field spectroscopy. Our analysis allowed us to detect a high-ionization 

gas outflow traced by the coronal lines [Fe VII ] λ6087 and [Fe X ] λ6375. Both emissions are found to be extended. The former 
up to 1.2 kpc and 700 pc north-west (NW) and south-east (SE) from the nucleus, respectively. The latter reaches 700 pc NW 

of the nucleus. This is the first time that [Fe X ] emission is observed at such distances from the central engine in an active 
galactic nucleus. The [Fe VII ] λ6087 emission peaks at the nucleus, with two secondary peaks at the position of the NW and SE 

radio lobes. The gas kinematics is complex, with the coronal emission displaying split line profiles along the radio jet and line 
widths of several hundred km s −1 . Velocity shifts of up to 600 km s −1 in excess of the systemic velocity of the galaxy are found 

very close to the radio lobes and along the jet propagation. The extended coronal gas is characterized by temperatures reaching 

20 000 K and electron densities > 10 

2 cm 

−3 , with the larger values associated with the regions of larger turbulence, likely due 
to the passage of the radio jet. This hypothesis is supported by photoionization models that combine the effects of the central 
engine and shocks. Our work highlights the strong relationship between extended coronal emission and the radio jet, with the 
former suitably tracing the latter, which in the case of IC 5063, propagates very close to the galaxy disc. 

Key words: line: formation – line: profiles – galaxies: individual: IC 5063 – galaxies: jets – galaxies: Seyfert. 
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 I N T RO D U C T I O N  

eedback from active galactic nuclei (AGN) is an important driver 
f galaxy evolution (Silk & Rees 1998 ; Fabian 2012 ). Currently,
osmological models of galaxy formation adopt this prescription in 
rder to match observational data (Granato et al. 2004 ; Springel et al.
005 ; Croton et al. 2006 ; Lapi et al. 2006 , 2014 ). Two main feedback
hannels have now been identified. The radio or kinetic mode, and 
he quasar or radiative mode. The former is usually associated with 
owerful radio sources with low accretion efficiencies. In these 
GN, large-scale relativistic jets powered by the central black hole 
an transfer energy to its environment, preventing the gas from 

ooling and, therefore, affecting the stellar mass assembly of galaxies 
McNamara & Nulsen 2007 ; Fabian 2012 ). The quasar or radiative
ode is expected to be dominant at higher accretion efficiencies, 
here AGN-driven winds of ionized, neutral, and molecular gas are 
roduced by radiation pressure on the circumnuclear gas (Fabian 
012 ). 
Although the feedback scenario in powerful radio sources or in 

ighly luminous quasars is firmly established, the question o v er what
s the dominant feedback process in moderate- to low-luminosity 
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GN with modest radio jets is rather uncertain (Wylezalek & 

organti 2018 ). This is mainly because moderate radio jets are
biquitous in local Seyfert galaxies and these jets can interact with
he interstellar medium (ISM) gas on galactic scales (Morganti et al.
999 ; Thean et al. 2000 ). While the complex nature of the interaction
s still under study, there is evidence that these lo w-po wer radio
ets can produce galactic winds that, in turn, interact with dense

ultiphase gas (see Riffel, Storchi-Bergmann & Riffel 2014 ; Rosario 
t al. 2018 , and references therein). Thus, rele v ance of the kinetic
hannel as a major way of releasing nuclear energy to the ISM in
ow-luminosity AGN has been underestimated so far (Merloni & 

einz 2013 ; Wylezalek & Morganti 2018 ). 
Indeed, recent works reveal that lo w-po wer radio jets can play a
ajor role in driving fast, multiphase, galaxy-scale outflows in radio- 
eak AGN (Rodr ́ıguez-Ardila et al. 2017 ; Fabbiano et al. 2018 ; May

t al. 2018 ; Rodr ́ıguez-Ardila & F onseca-F aria 2020 ; Murthy et al.
022 ). Mass outflow rates, of up to 8 M � yr −1 , similar to those
ound in powerful radio-loud AGN have been derived. In some of
hese works, high-ionization lines [or coronal lines (CLs)] such as 
Fe VII ] λ6087 in the optical or [Si VI ] λ19641 in the near-infrared
NIR) have been employed to trace the most energetic component 
f AGN feedback. It is important to note that high-ionization lines
re not produced by stars, being more reliable indicators for AGN-
riv en processes. Moreo v er, CLs in general [ionization potential (IP)
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100 eV] may have a physical connection with the X-ray emission
n terms of location and physical conditions. Very recently, Trindade
alc ̃ ao et al. ( 2022 ) showed via photoionization modelling that CLs
rom ions with ionization potential greater than or equal to that of
 VII , i.e. 138 eV, trace the footprint of X-ray gas. Therefore, they can
e used to measure the kinematics of the extended X-ray emitting gas
t the spectral resolution dictated by optical spectrographs. In this
espect, CLs allow us to detect the high- and the highest excitation
omponent of the outflow in AGN. 

An example of this is the Circinus galaxy where Rodr ́ıguez-
rdila & F onseca-F aria ( 2020 ) rev ealed that the [Fe VII ] emission

xtends up to a distance of 700 pc from the AGN. The coronal gas
xtension is likely the remnant of shells inflated by the passage of a
adio jet. This scenario is supported by F onseca-F aria et al. ( 2021 ) by
eans of models that combine the effects of shocks driven by the jet

nd photoionization by the central source. Similar results showing
he strong relationship between the jet and extended coronal emission
ere recently presented by Speranza et al. ( 2022 ). Ov erall, the abo v e
ndings all point towards the rele v ance of lo w-accreting sources in

he delivery of kinetic energy to the ISM. They are also in agreement
o simulations of radio jets emerging out of the host’s ISM that show
hat the jets vigorously distort the gas distribution in the gaseous
alactic discs (Gaibler et al. 2012 ; Cielo et al. 2018 ; Mukherjee et al.
018a , b ). The coupling between the jet and the ISM strongly depends
n the jet’s inclination with respect to the galactic disc (Mukherjee
t al. 2018b ). 

In this context, IC 5063 (RA = 20:52:02, Dec. = −57:04:07;
2000) is a prime target to study the relationship between the radio
et and the coronal emission. It is a Seyfert 2 galaxy (Colina, Sparks &

acchetto 1991 , and references therein) that hosts a lo w-po wer radio
et ( P 1.4 GHz ∼ 10 23.4 W Hz −1 ) and an optical/NIR spectrum with
trong emission lines, including CLs (Colina et al. 1991 ). Despite
he low radio power, it provides one of the clearest examples of jet-
nduced outflows, where the radio plasma is disturbing the kinematics
f all the phases of the gas (see Tadhunter et al. 2014 ; Morganti et al.
015 , for an o v erview). The re gion cospatial with the radio emission
s where the most kinematically disturbed ionized, molecular, and H I

as is located (with velocities deviating up to 600 km s −1 from regular
otation). This jet–ISM interaction is also affecting the physical
onditions of the gas (Oosterloo et al. 2017 ). The properties observed
ave been well reproduced by hydrodynamic simulations and the
etails of the comparison between the data and the simulation are
resented in Mukherjee et al. ( 2018a ). As seen from abo v e, IC 5063
as been studied in detailed in multiple bands and we will describe
ome of those results later in the text, comparing them to our findings.

Here, we report optical observations of IC 5063 focusing on three
ain aspects: (i) the determination of the full extension of the coronal

as and its relationship with galactic feedback; (ii) the role of a jet in
haping the morphology and kinematics of the high-ionization gas
n this object; and (iii) the modelling of the observed emission gas
pectrum at different locations of the galaxy taking into account the
ombine effects of both the radiation from the central source and
hocks produced in the ISM by the passage of the radio jet. Notice
hat different phases of the outflow already detected in IC 5063
ave already been published (Tadhunter et al. 2014 ; Morganti et al.
015 ; Dasyra et al. 2016 ; Venturi et al. 2021 ) but, to the best of
ur knowledge, none of them have focused on the one traced by
he coronal emission, which in turn, can be related to the X-ray
hase. Throughout the paper, H 0 = 70 km s −1 Mpc −1 , �m 

= 0.30,
nd �vac = 0.70 have been adopted. At the redshift of IC 5063,
 = 0.01135 (V ́eron-Cetty & V ́eron 2006 ), the projected scale is
 arcsec = 239 pc. 
NRAS 524, 143–160 (2023) 
In Section 2 , we describe the data used for IC 5063. In Section 3 , we
haracterize the coronal gas extension, geometry and morphology of
he coronal line region (CLR), and the relationship with emission at
ther wavelength bands. In Section 4 , we describe the gas kinematics
f the galaxy, while in Section 5 , we study the physical conditions
f the coronal gas. In Section 6 , we model the observed line ratios
easured in this object. Final remarks are in Section 7 . 

 OBSERVATI ONS  

ery Large Telescope (VLT)/Multi-Unit Spectroscopic Explorer
MUSE) data for IC 5063 were downloaded from the MUSE
cience Archive. To this purpose, the ESO file ADP.2016-07-
2T15:57:54.788 (ESO programme observation ID: 60.A-9339(A))
bserved on the night of 2014 June 23 was employed. The total
xposure time was 2240 s, with an average seeing of 0.782 arcsec. The
ntegral field unit (IFU) cube covers 1 × 1 arcmin 2 with a sampling
f 0.2 arcsec spaxel −1 . It is restricted to the wavelength range 4750–
350 Å. Here, we adopted the reduced cube provided by the ESO
uality Control Group. This reduction follows the standard steps of
ias subtraction, flat-field correction, and wavelength calibration. A
tandard star was also observed, and was used for flux calibration
nd telluric atmospheric correction. 

The data analysis was carried out using custom PYTHON scripts,
ollowing an approach similar to that described in Rodr ́ıguez-
rdila & F onseca-F aria ( 2020 ) and F onseca-F aria et al. ( 2021 ).
elow, we briefly describe the procedures employed. 
First, we fitted and subtracted the stellar continuum in the range

770–7350 Å. We did not extend that procedure to the red edge of
he spectra because of the strong sky residuals redwards of 7400 Å,
hich considerably affects the stellar synthesis results. The fitting
f the stellar population procedure is necessary to fully reco v er the
uxes of the H I lines affected by the underlying stellar population.
oreo v er, some weak lines may also be strongly diluted by the

tellar continuum. To this purpose, the stellar population synthesis
ode STARLIGHT (Cid Fernandes et al. 2005 ) was employed, together
ith the set of stellar populations of E-MILES (Vazdekis et al.
016 ). Afterwards, the extinction correction due to the Galaxy
 A V = 0.19; Schlafly & Finkbeiner 2011 ) was applied. In this pro-
ess, the Cardelli–Clayton–Mathis (CCM) extinction law (Cardelli,
layton & Mathis 1989 ) was employed. 
In order to measure the flux, centroid position, and the full width

t half-maximum (FWHM) of the emission lines at each spaxel, we
tted Gaussian functions to individual lines or to sets of blended

ines. This procedure was carried out using a set of custom scripts
ritten in PYTHON by our team. One or two Gaussian components
ere necessary to reproduce the observed profiles. The criterion

or the best solution among the one- and two-component ones
as the minimum value of the reduced χ2 . When a single line

equired more than one component, the one with the lowest FWHM
as called ‘narrow’ component, while that with the largest value
as named ‘broad’ component. Moreo v er, some constraints were

pplied. For instance, doublets such as [N II ] λλ6583, 6548 and
O III ] λλ4959, 5007 were constrained to their theoretical line flux
atio. Also, lines belonging to the same doublet were constrained
o have the same width and intrinsic wavelength separation. The
S II ] λλ6716, 6731 doublet was constrained to have the same width
nd a relative theoretical wavelength separation of 14.4 Å. Using
hat approach, the strongest emission lines detected in the data cube
i.e. H β, [O III ] λλ4959, 5007, [Fe VII ] λ6087, [O I ] λλ6300, 6364,
Fe X ] λ6375, H α, [N II ] λλ6548, 6584, and [S II ] λλ6716, 6731) were
tted from the continuum-subtracted cube. We followed a similar
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Figure 1. Extinction-corrected emission-line flux distributions of IC 5063. The colour bars (right-hand side of each panel) show the fluxes in logarithmic scale 
and in units of erg s −1 cm 

−2 spaxel −1 . The white regions correspond to locations where the lines were not detected or the S/N < 3 σ . 
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pproach to measure weak lines such as [S III ] λ6312, [Fe XI ] λ7892,
nd [O II ] λ7320. We note that [Fe XI ] λ7892 and [S III ] λ9069 are
ocated redwards of 7350 Å. In these two cases, we interpolate the
djacent continuum by a spline curve of order 3 in order to measure
he fluxes of both lines. This procedure is justified as they are not
lose in wavelength to any H I or strong stellar absorption features. 

In order to determine the extinction, quantified by the E ( B − V ),
e use equation (1) in F onseca-F aria et al. ( 2021 ), which takes

nto account the CCM extinction law (Cardelli et al. 1989 ) and the
bserved and intrinsic H α/H β emission line flux ratio. We measured 
he observed H α and H β fluxes at the spaxels where both emission
ines are detected at 3 σ level. The intrinsic value adopted was 3.1
ssuming case B recombination. It is more suitable to the typical gas
ensities found in AGN (Osterbrock & Ferland 2006 ) and accounts 
or the effect of collisional excitation. At the spaxels where a narrow
nd a broad component were fit, for consistency we used only the
uxes of the narrow components. We found our extinction map very 
onsistent with the one presented by Mingozzi et al. ( 2019 ) for
C 5063 and for that reason it will not be shown here. 

Fig. 1 displays the flux distribution of the most rele v ant lines to
his work in IC 5063, obtained after the Gaussian fitting procedure. 
n all cases, the flux values of the different lines measured in each
paxel were corrected by E ( B − V ) as described above. It can be seen
rom Fig. 1 that o v erall the gas emission extends along the south-east
SE)–north-west (NW) direction. Our maps agree very well to those 
n common shown in Venturi et al. ( 2021 ). The maps corresponding
o [Fe VII ] λ6087 (first row, second column), [Fe X ] λ6375 (second
ow, first column), and [O II ] λ7320 (third row, second column), to
he best of our knowledge, were not published before. In addition,
oronal emission belonging to [S VII ] λ7611 and [Fe XI ] λ7892 was
etected only at the nucleus and it was not angularly resolved. Fig. 2
isplays the corresponding flux map distribution. 
In this work, we focus on the coronal emission of IC 5063, the gas

inematics, degree of ionization, and shock effects using a large set
f emission lines, including high-ionization lines. 

 T H E  C O RO NA L  LI NE  R E G I O N  IN  IC  5 0 6 3  

he study of the coronal gas extension in AGN is a key piece
o register the most energetic component of the ionized gas that
articipates in the process of outflows. It also allows us to investigate
he driving mechanism in the gas ionization (photoionization by 
GN or by shocks or both). To this purpose, we selected the gas
mission traced by the lines of [Fe VII ] λ6087 and [Fe X ] λ6375
hereafter [Fe VII ] and [Fe X ]) as representative of the high-ionization
as. The presence of both lines in the nuclear spectrum of IC 5063
MNRAS 524, 143–160 (2023) 
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M

Figure 2. Flux map of the CLs [S XII ] λ7611 (left-hand panel) and 
[Fe XI ] λ7892 (right-hand panel). The colour bars show the fluxes in 
logarithmic scale and in units of erg s −1 cm 

−2 spaxel −1 . In both cases, 
the emission region is spatially unresolved. 
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as first reported by Colina et al. ( 1991 ) by means of long-slit
pectroscopy. They also reported extended [Fe VII ] emission within
he inner 1.5 arcsec around the AGN. [Fe VII ] and [Fe X ] have an
onization potential of 100 and 274 eV, respectively. The high energy
equired for their production implies that they cannot be produced
y stellar processes, as is the case of [O III ] λ5007, which may have
 contribution from star-forming regions. 

Fig. 3 shows the coronal emission found in IC 5063. In the two
anels to the left, the emission flux distribution of [Fe VII ] (bottom)
nd the spectrum collected at the largest distance from the AGN
re presented. It can be seen that at the AGN position (marked
ith the black cross) that emission reaches its maximum intensity,

mounting to 10 −15 erg s −1 cm 

−2 spax el −1 . In addition, e xtended
NRAS 524, 143–160 (2023) 

igure 3. Bottom: zoom-in of the coronal emission flux distribution shown in F
orresponding emission line profile at the largest distance from the AGN where the
ntegrated to obtain the observed emission line profile. The red open circle in the 
egions correspond to locations where the lines were not detected or the S/N < 3 σ
cale and in units of erg s −1 cm 

−2 spaxel −1 . 
oronal emission is clearly detected. It is distributed in an elongated
tructure along the NW–SE direction, with a total extension of ∼2 kpc
rom both opposite ends. 

In the extended region, two secondary peaks of coronal emission
re identified at 500 pc to the NW and at 400 pc to the SE of the AGN.
oth peaks have a maximum flux of ∼10 −16 erg s −1 cm 

−2 spaxel −1 .
n the secondary peak to the NW of the AGN, the emission is
learly split, following a Y-pattern that resembles a fork. The base
f the Y-feature points towards the AGN and the secondary peak
f emission coincides with the bifurcation point of the fork, from
here two arms are observed, one to the SW and another to the
W. The arm to the SW is the most extended one. Notice that

he Y-feature coincides in position and morphology to the one
lready identified by other authors using low- to mid-ionization
ines (Morganti et al. 2007 ; Dasyra et al. 2015 ; Venturi et al.
021 ). 
The most distant [Fe VII ] emission is identified at a distance of

193 ± 39 pc from the AGN, in the tip of the SW arm of the Y-
attern. This result is found after summing up the signal in a circular
perture of 0.6 arcsec in radius. A similar procedure was carried out
n the NW arm of the fork but no emission was detected beyond what
s observed in Fig. 3 . We do not discard that the NW branch of the
ork could be more extended than we see. Ho we ver, the combined
ffect of dust extinction and low signal-to-noise ratio (S/N) in this
egion hinders its detection. 

To the SE of the AGN [Fe VII ] emission is detected up to ∼680 pc.
o signs of split emission are observed. Outwards of that secondary
eak, the emission bends slightly to the south and fades out. Outside
ig. 1 for [Fe VII ] (left) and [Fe X ] (right). The upper two panels show the 
y were detected grey circles in the bottom panels; their sizes show the region 
[Fe VII ] map shows the region of maximum extension of [Fe X ]. The white 
. The colour bars at the right of each panel show the fluxes in logarithmic 

43/7205528 by Instituto N
acional de Pesquisas Espaciais user on 28 July 2023



The CLR in IC 5063 147 

t
a

 

[  

(
t
t  

i  

t  

O
[  

l  

c  

t  

d  

s  

w  

[  

l  

l  

e  

T
t  

e
[  

c  

p  

c  

t
c  

o

3

I  

i
e
A
o  

s  

fl
 

1  

l  

A  

m  

a  

o
 

[  

a  

o  

w  

e  

a  

h  

s

i  

b  

h  

Figure 4. [Fe VII ] flux map with radio contours o v erlaid. In red we plot 
the edges of the ionization cone as defined by Travascio et al. ( 2021 ). The 
colour bar shows the emission line flux in logarithmic scale and in units of 
erg s −1 cm 

−2 spaxel −1 . 
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he nucleus and the two adjacent peaks, the extended emission has 
n average flux of ∼10 −17 erg s −1 cm 

−2 spaxel −1 . 
The two panels to the right in Fig. 3 present the emission map for

Fe X ] (bottom) and the spectrum at the largest distance from the AGN
top). This emission peaks at the nucleus, with secondary peaks in 
he circumnuclear region, around the two off-nuclear radio spots. We 
herefore conclude that the [Fe X ] gas is spatially resolved although
t is more compact than that of [Fe VII ]. In the region coinciding with
he AGN, it displays a peak flux of 1 × 10 −16 erg s −1 cm 

−2 spaxel −1 .
utside the nuclear component, we noticed enhanced emission of 

Fe X ] that matches in position the secondary peaks detected in other
ines. The maximum extension of the [Fe X ] gas in the unbinned
ube is detected at ∼450 pc NW of the AGN. Ho we ver, we scanned
he entire MUSE cube and identified [Fe X ] emission at a maximum
istance of 696 ± 46 pc NW from the AGN, after integrating the
ignal in a circular aperture of 0.2 arcsec in radius. It coincides
ith the start of the NW arm in the Y-shape feature detected in the

Fe VII ] line. To the best of our knowledge, it is the first time in the
iterature that extended coronal emission in the [Fe VII ] and [Fe X ]
ines is reported in IC 5063. Previously, Dasyra et al. ( 2015 ) found
xtended high-ionization emission of [Si VI ] 1.963 μm in the K band.
he extension and morphology of that emission are very similar to 

hat observed in [Fe VII ] by us. It is important to highlight that the
xtended coronal emission is also cospatial with the emission of 
O III ], although the latter is significantly more extended (see Fig. 1 ).

As mention previously, we report the detection of unresolved 
oronal emission of [S VII ] λ7611 and [Fe XI ] λ7892. The ionization
otential of these lines are 281 and 233 eV, respectively. In both
ases, the emission region is restricted to the spatial resolution of
he observation (0.8 arcsec). Their integrated line profiles lack the 
omplexity seen in [Fe VII ] or [Fe X ] and their total flux is < 1 per cent
f [O III ]. 

.1 The CLR and its relationship with the radio jet 

n this section, we analyse the radio emission in IC 5063 and
ts relation with the coronal gas extension. To this purpose, we 
mplo y observations tak en by the Australia Telescope Compact 
rray (ATCA) radio telescope at 17.8 GHz. Information about these 
bservations and data reduction is in Morganti et al. ( 2007 ). Fig. 4
hows the radio contours (in black) o v erlaid to the map of the [Fe VII ]
ux distribution. 
It is possible to see that the extended radio emission in IC 5063 at

7.8 GHz is more compact than that of [Fe VII ] (and all other emission
ines). Ho we ver, notice that the radio lobes to the NW and SE of the
GN (as well as at the AGN itself) are cospatial or very close to the
ost intense spaxels detected in [Fe VII ]. Indeed, the radio emission

t the two lobes is surrounded by intense coronal emission, as can be
bserved in Fig. 4 . 
In the left-hand panel of Fig. 5 , a pseudo-slit mask is o v erlaid to the

Fe VII ] map and the radio emission (black contours). The position
ngle of the slit coincides to that of the radio axis. Integrated values
f the flux were extracted along each of the 15 bins in both maps,
ith the first one at the SE edge of the slit and the last one at the NW

dge. A similar procedure was applied to the [O III ] map. We aimed
t comparing the flux distribution of the radio jet and the mid- and
igh-ionized gas. For instance, we want to confirm if they all peak at
imilar spatial positions along the radio axis. 

The right-hand panel of Fig. 5 shows the flux distribution measured 
n each bin for the radio continuum (dotted red line), [Fe VII ] (dashed
lue line), and [O III ] (full green line) emission. Maximum flux values
ave been normalized to 1. It can be seen that the peaks of the
ine emission and radio continuum at bins 7 and 10 (AGN and the
W radio lobe, respectively) coincide spatially. The strongest radio 

mission peak is observed at the NW radio lobe. As shown by Dasyra
t al. ( 2016 ), this region displays a stronger interaction with the
adio jet. Previously, Morganti et al. ( 2015 , and references therein)
dentified a strong outflow at the same position. To the south-west
SW), both emission lines peak at bin 4 while the corresponding
adio lobe is observed at bin 5. Still, the SE radio continuum peak is
he faintest of the three. Fig. 5 reveals the strong association between
he high-ionization emission gas and the radio jet, both at the nucleus
nd in the extended emission. 

In addition to the radio jet, extended soft and hard X-ray Chandra
mission (0.3–7.0 keV) is detected in IC 5063 (Travascio et al. 2021 ).
y a simple visual inspection of figs 2 and 3 in Travascio et al.
 2021 ), the X-ray emission is aligned and cospatial with the coronal
as. These authors modelled the X-ray emission and found that it
s consistent with a phase of low ionization (log U ∼ −1.7, −2.7)
nd less obscured ( N H < 10 22 cm 

−2 ) gas with respect to the nuclear
omponent, plus a more ionized (log U ∼ 1.8) phase of the gas or
 collisionally excited gas with kT ∼ 1–1.3 keV. They conclude that
he increase of soft X-ray emission along the jet suggests jet–ISM
nteraction as a likely trigger for most of the X-ray emitting gas. 

 C O RO NA L  G A S  KI NEMATI CS  

rom the emission line fitting described in Section 2 , we constructed
elocity maps for the H α and [Fe VII ] emission detected in IC 5063.
ur choice of H α is because the narrow component of this line
sually describes best the galaxy disc rotation that we want to model
ere. The first row of Fig. 6 presents the results for the narrow (left-
and panel) and broad (centre panel) component of the former line.
he contour line in black marks the region containing the bulk of the

Fe VII ] emission. 
We fit to the observed line-of-sight velocity of the H α line the

otation model described in Bertola et al. ( 1991 ), which considers that
he gas is on circular orbits in a plane. Only the narrowest component
f that line is used in the fit. This is because that component is
bserved in most of the MUSE field and, in general, it is more
MNRAS 524, 143–160 (2023) 
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Figure 5. Left-hand panel: [Fe VII ] flux map with radio contours o v erlaid. The pseudo-slit with segments in purple and yellow marks extraction windows 
employed to map the radio and line emission along the spatial direction. The aperture number of each bin is indicated in black. The colour bar shows the emission 
line flux in logarithmic scale and in units of erg s −1 cm 

−2 spaxel −1 . A similar procedure was done in the [O III ] map. Right-hand panel: normalized flux of the 
radio emission (red dotted line), the [Fe VII ] emission (dashed blue line), and the [O III ] emission (full green line) measured along the apertures shown in the 
left-hand panel. The x -axis is numbered following the aperture numbers indicated in the left-hand panel. 
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elated to disc emission. More details about the fitted model can be
een in equation (4) in F onseca-F aria et al. ( 2021 ). 

The modelled rotation field for the gas kinematics associated with
he narrow component of H α is in the first row, third column of Fig. 6 .
n the panels at the second row, first and second columns, we present
he residual maps (observed velocity minus the rotation model) for
he narrow and broad component of H α, respectively. The remaining
our panels (second row, third column and the three panels in the
hird row) present, respectively, the residual maps of the blue and
ed components of the [Fe VII ] line and their corresponding FWHM.
y red and blue components we indicate the position of the peak of

he line profile. When the peak is to the red (blue) of the systemic
elocity, we identify it as the red (blue) component. Notice that the
esidual maps of [Fe VII ] were constructed after subtraction from the
bserv ed v elocity, at ev ery spax el, the best rotation model of the
arrow component of H α. 
From the velocity map of the narrow component of H α shown

n Fig. 6 , it can be seen that in a circular region centred on the
ucleus and with a radius of 5 arcsec, the gas velocity is highly
omplex and does not follow the disc rotation. Indeed, velocities in
xcess of ±200 km s −1 are observed. Outside that central region,
he rotation model satisfactorily reproduces the velocity field, with
elocity residuals of ±30 km s −1 at the most. The residual velocity
ap for the broad component of H α shows a similar behaviour, with

alues in excess of 200 km s −1 compared to the rotation model. It is
mportant to emphasize that the regions where the H α emitting gas
s more strongly disturbed coincide spatially with the NW and SE
adio lobes. This behaviour supports the hypothesis of an interaction
etween the jet and the ISM and confirms recent results gathered by
ukherjee et al. ( 2018a ). They modelled this interaction in IC 5063

nd found that the jet ablates, accelerates, and disperse clouds to
 elocities e xceeding 400 km s −1 . Their results strongly support the
ypothesis that the jet is responsible for the strongly perturbed gas
ynamics, seen here in the ionized component. 
Similar results are obtained here in the highest ionized component.

he velocity maps of [Fe VII ] show that this line displays double-peak
rofiles mainly in the nuclear region. From Fig. 6 , it is easy to see that
he coronal gas is decoupled from the rotation of the disc of ionized
NRAS 524, 143–160 (2023) 
as. In fact, velocities in excess of up to 400 km s −1 in relation to
he gas rotation are identified and coincident with the position of the
adio lobes. At these locations, high FWHM values are identified, of
p to 500 km s −1 , which coincide with high flux values of [Fe VII ] (see
ig. 6 ). These results may indicate the presence of an expanding and
ighly turbulent gas. At this point, it is also important to mention the
arge velocity dispersion observed in the ionized gas perpendicular
o the jet (Dasyra et al. 2015 ; Venturi et al. 2021 ), which seem to
eak close to the NW radio lobe where the FWHM of [Fe VII ] has
ts maximum values, though this gas does not extend perpendicular
o the jet. They interpret these lateral outflows as due to the action
f the jet perturbing the gas in the galaxy disc. This result suggests
hat lo w-po wer radio jets are indeed capable of af fecting the host
alaxy. 

We also construct channel maps that allow us to examine the
elocity field of a spatially distributed gas. This technique consists
f slicing a given emission line into bins of velocity, so that each
in or channel map shows the regions that simultaneously present a
iv en v elocity. Since our objectiv e is to e xamine the behaviour of the
xtended high-ionization gas, we will use the line of [Fe VII ] λ6087
s representative of this gas. In this process, we assume a bin
etween two consecutive channels corresponding to 	λ = 1.25 Å
r 61.5 km s −1 in velocity space. In the channel maps, line fluxes
re measured if the y hav e at least twice as much flux as the standard
eviation in the adjacent residual continuum of the line. The adopted
ontinuum region has a width of ∼30 Å to the red and blue of the
mission line of [Fe VII ]. 

In the channel maps of the [Fe VII ] emission (see Fig. 7 ), the gas
learly departs from the galaxy disc rotation. At the AGN position, we
ee a broad blue-asymmetric profile, which appears as an emission
eature from channel −435 to 356 km s −1 . This result is consistent
ith the velocity maps of [Fe VII ] presented in Fig. 6 , where the
lue component has more extreme velocity ( −400 km s −1 ) when
ompared to the red component, which has a maximum speed of
50 km s −1 . It also shows that the NW lobe is dominated by gas
ith ne gativ e v elocities, being observ ed between the channels −617

nd 51 km s −1 . It implies that the bulk of this gas is approaching the
bserver. Notice also that in the slices corresponding to the velocities
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Figure 6. Kinematics maps for IC 5063. The first row presents, respectively, the velocity map for the narrow component of H α (left), the velocity map for the 
broad component of that line (centre), and the rotation model fit for the narrow component of H α (right). The dashed line indicates the position angle of the line 
of nodes ( 
 0 ) obtained from the fit. In the second row, we show the residual map of the narrow and broad components of H α (left-hand panel and centre panel, 
respectively), obtained after subtraction of the best-fitting rotation model from the observed H α velocity. The contour in magenta marks the [Fe VII ] emission 
region, and the contour in green marks the radio emission region. The velocity map of [Fe VII ] (blue component) is in the right-hand panel. In the third row, we 
present the velocity map of [Fe VII ] (red component), and the FWHM distribution of [Fe VII ] blue component (centre) and red component (right). 
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n the interval −191 to 51 km s −1 , the region showing the most distant
Fe VII ] emission is clearly observed. 

The coronal emission in the SE lobe is formed by gas that mostly
o v es a way from the observ er, being identified between the channels
191 and 538 km s −1 . In this region, we see split line profiles,

articularly in and around the radio lobe. The slight bending to the
outh of the gas emission that is farther out of the radio lobe is
pparent in the slices 112, 173, and 234 km s −1 . Excess velocities
f 350 km s −1 relative the systemic are found. Therefore, although 
his high-ionization gas is very close to the galaxy disc, the evidence
athered from the cospatiality between radio lobes, optical line lobes 
nd CL lobes, and the results from the simulations from Mukherjee 
t al. ( 2018b ) tailored at IC 5063 suggests that it is being accelerated
y the presence of the radio jet. 
The analysis of Fig. 7 made abo v e shows as main result that high-

elocity high-ionization gas near the projected positions of both radio 
obes are present in IC 5063. From our results and others reported
n the literature (Dasyra et al. 2015 ; Venturi et al. 2021 ), very likely
his high-ionization gas is accelerated by the passage of the radio jet.
otice that in low-ionization lines, we as well as the authors abo v e,
 r
bserved gas accelerated in the direction perpendicular to the radio 
et axis, mainly in the cross-cone region (see Fig. 6 , leftmost and

iddle panels of second row). This result reinforces the role of the
et in shaping the gas kinematics in the central region and along the
et direction in this AGN. 

 PHYSI CAL  C O N D I T I O N S  O F  T H E  H I G H LY  

ONI ZED  G A S  

.1 Ionization degree of the gas 

tudies of the degree of ionization of a gas cloud aim to determine,
mong others, the nature of the photon source that illuminates 
t. To this purpose, line ratios between ions are used, usually
f the same element or relative to hydrogen, to a v oid potential
iases introduced by metallicity or differences in critical density 
f the transitions in volved. W ith this in mind, we use in this
ork the lines of [N II ] λ6583, [O III ] λ5007, and [Fe VII ] λ6087

s representatives of low-, medium-, and high-ionization gas, 
espectively. 
MNRAS 524, 143–160 (2023) 
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Figure 7. Channel maps of the line of [Fe VII ] λ6087. The velocity shown at the top of each panel represents the central velocity within a bin of 61.5 km s −1 of 
width. Fluxes are presented in units of 10 −20 erg s −1 cm 

−2 spaxel −1 . The contours in red mark the radio jet. 
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In Fig. 8 , the emission line flux ratio of the former line relative
o H α and the latter two relative to H β is presented. We aim at
omparing the extension and variation of the values of each ratio
ithin the region where high-ionization gas is detected. Previously,
harp & Bland-Hawthorn ( 2010 ), Mingozzi et al. ( 2019 ), and Venturi
t al. ( 2021 ) had made a similar analysis but without the inclusion of
he coronal iron line. 

High values of [O III ]/H β ( > 6) are observed in the region that is
ospatial to [Fe VII ], i.e. within the ionization cone. Indeed, values
s high as 12 are detected at ∼1 kpc from the AGN, where [Fe VII ]
s no longer visible, suggesting that the ionization state of the gas
s kept nearly constant. In a scenario dominated by photoionization
y a central source, it is expected that the ratio [O III ]/H β decreases
NRAS 524, 143–160 (2023) 
utwards from the AGN (Ferguson, Korista & Ferland 1997 ). In the
irection of the NW radio lobe and across the Y-shape region, the
bo v e ratio displays values between 6 and 7. However, outside the
Fe VII ] emission region and following the two branches of the Y-
hape, [O III ]/H β suddenly jumps to values of 8 and larger, following
 stream that runs to the NW, parallel to the radio jet axis. This
tream is surrounded by gas with ratios of ∼7. In the cross-cone
egion (defined here as the region perpendicular to the major axis of
he ionization cone), [O III ] is also detected. Its strength relative to
 β amounts to ∼7 to the NE. To the SW and to the south, it drops to
alues of ∼4, reflecting the decrease of the ionization state of the gas.

[N II ]/H α displays an opposite result to [O III ]/H β. It reaches the
ighest values in the cross-cone region, particularly in the SW and
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Figure 8. Emission line flux ratio maps [N II ] λ6583/H α (left), [O III ] λ5007/H β (centre), and [Fe VII ] λ6087/H β (right). 
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outh, with values close to ∼1.2. This is about twice the ratio
easured at the AGN position. Towards the NE cross-cone region, 

alues between 0.6 and 0.9 are detected. The lowest values of the
N II ]/H α ratio are measured along the two streams that extend
eyond the Y-feature. 
[Fe VII ]/H β is the largest at the AGN position and within the

nnermost 1 arcsec region, with values between 0.06 and 0.1. Outside 
his region, the value of the ratio decreases by less than 1 dex,
emaining quite homogeneous, with values between 0.02 and 0.05, 
egardless of the distance to the nucleus. 

In general, the line ratios studied here indicate that regions with a
igh degree of ionization are associated with the ionization cone. The 
omparison of Fig. 8 with the radio maps presented in the previous
ection allows us to claim that these highly ionized regions are aligned
ith the radio jet. Maximum values of [O III ]/H β and [Fe VII ]/H β are

ound at the AGN position and regions around it and along the radio
et. In contrast, [N II ]/H α has the largest values in the regions outside
he cone, perpendicular to the jet propagation direction. Low values 
f that ratio are identified where the [Fe VII ] is observed. 
The emission of [Fe VII ], in addition to being more compact than

hat of [O III ], is considerably more collimated than the latter. Because
he CLs are not produced by stellar processes, the results show that
his emission unambiguously traces the region of highest ionization 
ithin the cone. As already shown in Section 3.1 , the extended CLR

ollows, at least in projection, the jet emission. It is possible that the
oronal gas extends farther out. Ho we ver, deeper observ ations would
e needed to confirm this hypothesis. 

.2 BPT diagram 

e analyse the gas excitation using the Baldwin–Phillips–
erlevich (BPT) diagnostic diagram log ([O III ] λ5007/H β) versus

og ([N II ]/H α) proposed by Veilleux & Osterbrock ( 1987 ). The total
ux associated with these four lines was employed here. The diagram 

eparates regions dominated by star formation from those dominated 
y photoionization by AGN according to the values of the line ratios
easured in different astronomical sources. In order to separate AGN 

nd star-forming regions, we use the theoretical curve proposed by 
 e wley et al. ( 2001 ). The purpose of this plot is to spatially associate

he spaxels where [Fe VII ] is detected to their position in the diagram.
The left-hand panel of Fig. 9 shows the BPT diagram for all the

paxels where the above four lines are 3 σ detected. The right-hand 
anel shows the location of the spaxels employed to construct the 
iagram in the galaxy. This allows us to associate the dominant 
onization source with a spatial position in the object. The dots in
lue represent spaxels with line ratios typical of star-forming regions, 
hile those in red represent spaxels where the ionization source 
s associated with the AGN. In green we identify the spaxels with
Fe VII ] emission, and in black, the spaxels associated with the nuclear
egion of the galaxy. The size of the latter was set as equal to the
eeing measured during the observations. 

We found that more than 95 per cent of the spaxels with [Fe VII ]
mission occupy the locus of points dominated by AGN excitation. 
his result supports our claims that most of the ionized gas in the
uclear and circumnuclear region and along the jet propagation 
irection are compatible with gas ionization by a hard continuum 

ource either from the AGN itself or by shock induced by the
nteraction of the radio jet with the ISM or both. We do not discard
he contribution of stellar processes, but if present, they are not the
ominant mechanisms in the gas excitation. Our results confirm the 
nes obtained by Sharp & Bland-Hawthorn ( 2010 ), Mingozzi et al.
 2019 ), and Venturi et al. ( 2021 ) for this AGN. Ho we ver, in this work,
e additionally mark the spaxels occupied by the coronal gas. 

.3 Temperature of the ionized gas 

he wavelength range of the MUSE data allows us to determine the
lectron temperature using the lines of [S III ] λ6312 and [S III ] λ9069.
e adopted a mean density of n e = 5000 cm 

−3 for the nucleus and
he NW and SE lobes. That value was found by Holden et al. ( 2023 )
sing the [Ar IV ] λλ4711, 4741 ratio for the nucleus and the NW
obe. These lines are more suitable to map the density of the mid-
onized gas, when compared, for example, with that derived from 

he [S II ] λλ6716, 6731 ratio, as the ionization potential necessary to
roduce the Ar IV ion is 40.7 eV, close to the one required to produce
 III (35.2 eV). 
Our temperature map is al w ays limited to the region where the

S III ] λ6312 line is observed. That line is considerably fainter
 ≤10 per cent) than its counterpart at λ9069. The [S III ] lines are
sually regarded as a suitable shocked gas diagnostics (Osterbrock & 

erland 2006 ). It is also important to mention that the line of
S III ] λ6312 is blended with the red wing of [O I ] λ6300 in most
paxels where the former line is observed. Although we were able
o separate both lines, the uncertainty of the results are large, mostly
ecause of the weakness of [S III ] λ6312. 
Fig. 10 shows the map of the electron temperature, T e , in IC 5063.

t could be determined mainly in the nuclear region and in and
round the SE and NW radio lobes. In the SE, the temperature is
f the order of 20 000 K in the region emitting [Fe VII ], close to the
adio lobe and < 17 000 K outside it. To the NW, a mean temperature
f 15 000 ± 3000 K is derived inside the radio lobe region, with
inimum values reaching 7500 K. The largest values to the NW
MNRAS 524, 143–160 (2023) 
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Figure 9. Left: BPT diagram log ([O III ] λ5007/H β) versus log ([N II ] λ6584/H α). Right: spatial location in the galaxy of the spaxels plot in the left-hand panel. 
The region dominated by the AGN is shown in red, while the H II regions (star-forming regions) are shown in blue. Spaxels with [Fe VII ] emission appear in 
green, while the spaxels coinciding with the AGN point spread function (PSF) are in black. The black dashed curve is the boundary between star-forming 
galaxies and AGN as defined by Kauffmann et al. ( 2003 ), while the solid blue line is the theoretical upper limit between starburst galaxies and AGN found by 
K e wley et al. ( 2001 ). 

Figure 10. Temperature map for IC 5063 (in K) determined from the 
[S III ] λλ9068 + 9531/ λ6313 emission line flux ratio. The contours in green 
mark the radio emission region. 
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re observed at the edges of the [Fe VII ] emission, coinciding with
he NW radio lobe. The abo v e values are, within uncertainties, in
greement with the electron temperature derived by Holden et al.
 2023 ) using the [O III ] λ5007/ λ4363 lines at the same locations.
hey find electron temperatures in the range 11 500 < T e < 14 000 K.
ery recently, Dasyra et al. ( 2022 ) determined the temperature in

C 5063 using the same MUSE data set as here but employing the
N II ] λλ6548 + 6583/[N II ] λ5755 emission line flux ratio. At the
ame locations shown in Fig. 10 , they derived electron temperatures
hat have minimum values similar to those obtained here ( ∼7000 K).
o we ver their highest values tend to be lower than those derived by
s, with maximum values reaching 12 000 K (similar temperature
as identified by Holden et al. 2023 ). We attribute this discrepancy

o the fact that the [N II ] lines are mostly produced by radiation-
ominated clouds (see Section 6 ), associated with lower temperature
as. They would not be suitable to measure the temperature in high-
ensity outflowing gas. It is important to mention that the gas density
NRAS 524, 143–160 (2023) 
as little effect on the temperature. Had we used densities in the range
0 2–3 cm 

−3 derived from the [S II ] ratio by Mingozzi et al. ( 2019 )
ould translate into differences of just ∼150 K at the most when T e 

2 × 10 4 K. For smaller temperatures (i.e. 10 4 K), changing the gas
ensity by 1 dex translates into differences of a few tens of K. 
The results abo v e indicate a close relationship between the increase

n gas temperature (see Fig. 10 ), the region of radio emission, and
he emission of [Fe VII ] (see Fig. 7 ). It is also interesting that the
ighest temperature values are cospatial to the regions of higher gas
urbulence (Fig. 7 ), higher FWHM values (Fig. 6 ), most notably
n the NW hotspot than in the SE one, and higher gas density
Holden et al. 2023 ). Additionally, the fact that the coronal gas
oes not follows the galaxy rotation, showing velocities in excess of
everal hundred km s −1 , demonstrates that this gas is being dragged
nd linked directly with the outflows already detected at other
avelengths. 

 M O D E L L I N G  T H E  SPECTRAL  LI NE  R AT I O S  

n the previous sections, we found that the gas ionization in IC 5063
ncreases as we approach the jet’s axis, being the highest at the
osition of the AGN and very close to the radio lobes, hundreds of
arsecs away from the central engine. Indeed, at the NW and SE
adio lobes, the [Fe VII ] emission is enhanced, reaching one-tenth
f its value at the nucleus. A similar result was already reported in
ircinus by F onseca-F aria et al. ( 2021 ). They found peaks of [Fe VII ]
mission, of the same order of intensity as that measured in the
ucleus, at regions located hundreds of parsecs away from the AGN.
According to Ferguson et al. ( 1997 ), in a photoionization by the

entral source scenario, gas ionization is expected to decrease when
he distance to the AGN increases. From their models, CLs could not
e formed at distances greater than 100 pc from the central engine if
he bolometric luminosity, L bol , is less than 10 43.5 erg s −1 . Rodr ́ıguez-
rdila et al. ( 2017 ) carried out CLOUDY simulations for NGC 4388

 L bol = 1.26 × 10 44 erg s −1 ). They found that the CLR was restricted
o a few hundred parsecs from the AGN at most. This result can
e easily extended to the case of IC 5063, which has a very similar
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Figure 11. Emission line flux ratios [O I ] λ6300/H β (top left), [S II ] λ6716/H β (top right), [O III ] λ5007/H β (bottom left), and [Fe VII ] λ6087/H β (bottom right). 
Ten regions, marked in red, where selected as representative of the ionization gas. Region R6 coincides with the position of the AGN, while regions R3 and R7 
are set at the position of the SE and NW radio lobes, respectiv ely. Re gions R1–R3 and R9–R10 are located along the axis of the ionization cone, while regions 
R4, R5, and R8 are positioned in the intercone region or very close to it. The two bottom panels are zoom-in versions of the maps presented in Fig. 8 . The scale 
bar, shown in the bottom right-hand panel, is the same for all maps in the figure. 
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olometric luminosity ( L bol = 10 44 erg s −1 ). It can be argued that
as with very low density ( n e < 50 cm 

−3 ) and photoionized by the
entral source may produce coronal emission thousands of parsecs 
way from the AGN. Ho we ver, as we have already mentioned in
ection 5.3 , such values of electron density, particularly in the radio

obes or close to them, are not observed (Mingozzi et al. 2019 ; Holden
t al. 2023 ). Thus, photoionization by the AGN alone is not able
o explain the kiloparsec size of the observed CLR in this object.
n additional source of gas ionization is likely producing a local 

ncrease in gas excitation along the direction where the [Fe VII ] is
bserved. 
In the light of the results gathered here, in this section, we model

he observed emission line spectra in IC 5063 using the combined 
ffect of photoionization by the AGN and shocks, the latter likely 
roduced by the passage of a radio jet across the ISM. 
R  
.1 Calculation details 

e have modelled the spectra extracted from 10 selected regions, 
ocated at different distances from the AGN in the IFU cube. They
ere chosen as representative of the different environments found in 

he inner few kiloparsecs around the AGN. The size of each box was
et to keep an S/N > 3 in all the lines involv ed. F or this reason, its
ize varies across the data cube, according to its location. Emission
ine fluxes were summed up and normalized relative to H β within
ach individual box. 

Fig. 11 shows maps of the emission line flux ratios [O I ] λ6300/H β

top left), [S II ] λ6716/H β (top right), [O III ] λ5007/H β (bottom left),
nd [Fe VII ] λ6087/H β (bottom right), with the different regions
 v erlaid. Re gion R6 is centred at the AGN; regions R3 and R7 are at
he position of the SE and NW radio lobes, respectiv ely. Re gions R1–
3 and R9–R10 are located along the ionization cone while regions
MNRAS 524, 143–160 (2023) 
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Table 1. Calculated emission line flux ratios ( SUMA outputs) and observed ratios for regions R1–R5. 

R1 R1 R2 R2 R3 R3 R4 R4 R5 R5 
Observed Calculated Observed Calculated Observed Calculated Observed Calculated Observed Calculated 

[O III ]5007/H β 9.13 8.8 11.23 10.0 9.94 9.4 4.19 4.0 7.17 7.30 
[Fe VII ]6087/H β – 0.009 0.02 0.011 0.03 0.018 – 0.013 – 0.009 
[O I ]6300/H β 0.40 0.29 0.28 0.24 0.28 0.26 0.54 0.4 0.41 0.59 
[S III ]6312/H β 0.21 0.043 0.03 0.04 0.04 0.04 – 0.02 – 0.038 
[Fe X ]6375/H β – – – – 0.04 0.033 – – – –
H α 6563/H β 3.19 2.9 3.11 2.9 3.09 3.09 3.22 2.95 3.27 2.93 
[N II ]6583/H β 2.22 2.0 1.87 2.19 2.32 2.0 3.42 3.1 2.89 2.7 
[S II ]6716/H β 0.81 0.82 0.84 0.73 0.85 0.72 1.86 0.6 1.23 1.0 
[O II ]7320/H β 0.05 0.1 0.04 0.1 0.06 0.08 – 0.08 – 0.09 
[S XII ]7611/H β – – – – – – – – – –
[Fe XI ]7892/H β – – – – – – – – – –
[S III ]9069/H β 0.34 0.9 0.41 0.8 0.45 0.6 – 0.5 – 0.8 
H βc 

a – 0.06 – 0.043 – 0.043 – 0.05 – 0.06 
H βo 

b 2.94 – 7.44 – 42.4 – 1.46 – 2.14 –
V s 

c – 420 – 380 – 380 – 500 – 390 
n 0 d – 160 – 140 – 140 – 150 – 170 
D 

e – 2.48 – 2.9 – 2.9 – 2.5 – 3.5 
F 

f – 3.2 – 2.6 – 2.6 – 1.8 – 3.0 
(N/H) g – 0.8 – 0.8 – 0.9 – 1.3 – 1.0 
(O/H) g – 6.6 – 6.4 – 6.4 – 6.7 – 6.0 
(S/H) g – 0.2 – 0.16 – 0.16 – 0.16 – 0.19 
(Fe/H) g – 0.32 – 0.32 – 0.42 – 0.32 – 0.32 
r c h – 0.77 – 1.45 – 3.45 – 0.59 – 0.66 
r c × ff i – 0.77 – 0.87 – 0.45 – 0.59 – 0.66 
r o j – 1.40 – 0.92 – 0.44 – 0.68 – 0.68 
ff k – 1.0 – 0.60 – 0.13 – 1.0 – 1.0 

a Calculated flux at the galaxy in erg cm 

−2 s −1 . b Observed flux at Earth in 10 −15 erg cm 

−2 s −1 . c Calculated shock velocity in km s −1 . d Calculated 
pre-shock density in cm 

−3 . e Calculated geometrical depth of the gaseous slab in 10 16 cm. f Calculated primary flux from the AGN in 
10 10 photons cm 

−2 s −1 eV 

−1 at the Lyman limit. g Element relative abundance in 10 −4 units. h Calculated distance from the AGN (coinciding 
with R6) in kpc. i r c multiplied by the filling factor. j Observed distance in kpc measured in Fig. 11 . k Filling factor. 
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4, R5, and R8 are positioned in the intercone region or very close
o it. 

In order to reproduce the average line ratios in the different regions,
e used the photoionization code SUMA (Contini & Viegas 2001 ).

t combines the effect of shocks (i.e. produced by the passage of
 jet) and photoionization by the central source. As explained in
 onseca-F aria et al. ( 2021 ), the main input parameters are those

hat lead to the calculations of line and continuum fluxes that
est matches the observ ed ones. The y account for photoionization
nd heating by primary and secondary radiation and for collision
rocess due to shocks. The input parameters such as the shock
elocity V s , the atomic pre-shock density n 0 , and the pre-shock
agnetic field B 0 (for all models B 0 = 10 −4 G is adopted) define

he hydrodynamical field. They are combined in the compression
quation (Cox 1972 ) that is resolved within each slab of the gas in
rder to obtain the density profile throughout the emitting clouds.
or an AGN, the photoionizing radiation is the power-law radiation
ux from the active centre F , in number of photons cm 

−2 s −1 eV 

−1 

t the Lyman limit and spectral indices αUV = −1.5
nd αX = −0.7. 

The primary radiation source does not depend on the host physical
ondition but it affects the surrounding gas. Each region is not
onsidered as a unique cloud, but as a sequence of plane-parallel
labs (up to 300) with different geometrical thickness calculated
utomatically following the temperature gradient. The secondary
iffuse radiation is emitted from the slabs of gas heated by the
adiation flux reaching the gas and by the shock. Primary and
econdary radiation is calculated by radiation transfer. 
NRAS 524, 143–160 (2023) 

i  
The calculations initiate at the shock front where the gas is
ompressed and adiabatically thermalized, reaching a maximum
emperature in the immediate post-shock region T ∼ 1.5 × 10 5 

 V s /100 km s −1 ) 2 (K). T decreases downstream leading to recom-
ination. The cooling rate is calculated in each slab. The line
nd continuum emitting regions throughout the galaxy cover an
nsemble of fragmented clouds. The geometrical thickness D of
he clouds is an input parameter that is calculated consistently with
he physical conditions and element abundances of the emitting gas.
he fractional abundances of the ions are calculated resolving the

onization equations for each element (H, He, C, N, O, Ne, Mg,
i, S, Ar, Cl, and Fe) in each ionization level. Then, the calculated

ine ratios, integrated throughout the cloud geometrical width, are
ompared with the observed ones. The calculation process is repeated
hanging the input parameters until the observed data are reproduced
y the model results, at maximum within 10–20 per cent for the
trongest line ratios and within 50 per cent for the weakest ones. 

.2 Physical conditions and relati v e element abundances in the 
iffer ent r egions 

he set of input parameter values that produces calculated to
bserved line ratios closest to unity is chosen as the best model. 
In Tables 1 and 2 , the observed line ratios (R1–R10) are compared

ith model results in rows 1–12. In row 13 the calculated H β fluxes
ppear for each model followed by the observed H β fluxes (H βo )
n row 14. The physical input parameters of the models are given
n rows 15–18 followed by the relative abundances of the elements
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Table 2. Same as Table 1 , but for regions R6–R10. 

R6 R6 R7 R7 R8 R8 R9 R9 R10 R10 
Observed Calculated Observed Calculated Observed Calculated Observed Calculated Observed Calculated 

[O III ]5007/H β 10.27 10.26 7.40 7.24 8.10 8.4 9.14 8.8 9.88 10.0 
[Fe VII ]6087/H β 0.1 0.247 0.02 0.018 0.07 0.06 – 0.01 – 0.01 
[O I ]6300/H β 0.3 0.15 0.40 0.4 0.15 0.02 0.14 0.13 0.14 0.23 
[S III ]6312/H β 0.10 0.046 0.04 0.03 0.05 0.05 0.03 0.046 – 0.04 
[Fe X ]6375/H β 0.07 0.067 0.02 0.02 – 0.016 – – – 0.002 
H α6563/H β 3.12 3.22 3.11 2.91 3.16 2.9 3.17 2.88 3.14 2.9 
[N II ]6583/H β 1.96 1.98 2.37 2.4 1.9 1.8 1.59 1.56 1.31 1.50 
[S II ]6716/H β 0.65 0.30 1.19 0.5 0.92 0.7 0.95 0.5 0.67 0.71 
[O II ]7320/H β 0.07 0.49 0.08 0.11 – 0.13 0.04 0.13 – 0.11 
[S XII ]7611/H β 0.010 0.004 – – – – – – – –
[Fe XI ]7892/H β 0.030 0.012 – – – – – – – –
[S III ]9069/H β 0.38 0.62 0.40 0.70 0.46 1.1 0.32 0.7 0.23 0.8 
H βc 

a – 0.002 – 0.01 – 0.011 – 0.08 – 0.055 
H βo 

b 103 – 43.2 – 1.19 – 6.48 – 4.79 –
V s 

c – 450 – 600 – 450 – 540 – 400 
n 0 d – 170 – 150 – 170 – 150 – 150 
D 

e – 0.85 – 3.6 – 0.95 – 2.34 – 2.7 
F 

f – 0.7 – 5.3 – 1 – 3.8 – 3.0 
(N/H) g – 0.7 – 1.0 – 0.7 – 0.6 – 0.6 
(O/H) g – 6.3 – 6.2 – 6.6 – 6.3 – 6.2 
(S/H) g – 0.10 – 0.10 – 0.16 – 0.16 – 0.16 
(Fe/H) g – 0.15 – 0.42 – 0.32 – 0.32 – 0.32 
r c h – 25 – 2.7 – 1.14 – 0.99 – 1.02 
r c × ff i – 0.1 – 0.57 – 1.14 – 0.99 – 1.02 
r o j – 0.1 – 0.6 – 1.2 – 1.41 – 2.20 
ff k – 0.004 – 0.21 – 1.0 – 1.0 – 1.0 

a Calculated flux at the galaxy in erg cm 

−2 s −1 . b Observed flux at Earth in 10 −15 erg cm 

−2 s −1 . c Calculated shock velocity in km s −1 . d Calculated 
pre-shock density in cm 

−3 . e Calculated geometrical depth of the gaseous slab in 10 16 cm. f Calculated primary flux from the AGN in 
10 10 photons cm 

−2 s −1 eV 

−1 at the Lyman limit. g Element relative abundance in 10 −4 units. h Calculated distance from the AGN (coinciding 
with R6) in kpc. i r c multiplied by the filling factor. j Observed distance in kpc measured in Fig. 11 . k Filling factor. 
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dopted by the models in rows 19–22. The other element abundances 
re assumed solar (Asplund et al. 2009 ). 

The physical conditions in the nuclear and extended regions in 
C 5063 are such as to allow to reproduce the whole spectrum from
ifferent areas by single models. In particular, the geometrical thick- 
ess of the clouds D is large enough to contain well-defined shock-
ominated (SD) and radiation-dominated (RD) regions. The models 
eproduce the high-ionization-level line ratios (e.g. [Fe VII ]/H β and 
Fe X ]/H β), the low-ionization ones such as [N II ]/H β, and the
ntermediate ones (e.g. [O III ]/H β) within the accepted error. Notice
hat at some regions, SUMA predicts very small [Fe VII ]/H β ratios
hat, in practice, are very difficult to measure due to S/N issues. For
nstance, in regions R1 and R5, [Fe VII ] is not detected while the

odels predict values of 0.009 in that line (normalized to H β). In
uch cases we may safely assume that there is a good agreement
etween the predicted and observed values because we are not able 
o detect lines that are fainter than 1 per cent of the H β intensity. 

Tables 1 and 2 and Fig. 12 show that the most significant calculated
ine ratios satisfactorily reproduce the observations, in particular 
O III ]/H β and [N II ]/H β, which are the strongest ones. We notice
hat the ratios involving the CLs [Fe VII ] and [Fe X ] are also nicely
eproduced in the nucleus and in the extended region. 

In regions R1, R6, and R8, the [O I ]/H β line ratios are under-
redicted by the models because the observed [O I ]/H β is likely
nhanced by the contribution of the diffuse ISM (Mannucci et al. 
021 ; Belfiore et al. 2022 ). Oxygen is recombined in the cool ISM
nd can emit a non-negligible [O I ] line flux. The calculated [S II ]/H β

ine ratios are lower than the observed ones in the same regions where
 t  
he calculated [O I ]/H β are lower than observed. The first sulphur
onization potential (10.36 eV) is lower than that of H (13.6 eV)
nd of O (13.6 eV). Therefore we can assume that S 

+ behaves like
 

0 , suggesting that the observed [S II ] lines may contain as well a
on-negligible contribution from the diffuse ISM. 

.3 Relati v e contributions of shocks and AGN radiation to the 
ines 

o better understand the modelling results, the profiles of electron 
emperatures and densities ( T e and n e , respectively) and of the frac-
ional abundances of the most significant ions calculated throughout 
he clouds are displayed in Fig. 13 for the R6 (top) and R7 (bottom)
louds. They are representative of clouds with the minimum and 
aximum geometrical width, respectively. In addition, results for 
4 (top) and R10 (bottom) clouds are in Fig. 14 . They represent
louds in regions away from the SE–NW axis (R4) and far from the
ctive centre (R10). The corresponding atomic species within the 
louds are marked in the figures. 

Tables 3 and 4 list the calculated per cent contributions of SD and
D clouds to the emitted lines for each region. The most evident
nding is that the [Fe VII ], [Fe X ], and [Fe XI ] lines are emitted from
D gas. In contrast, the RD clouds dominate for low- and mid-

onization lines in most regions. 
In Figs 13 and 14 the clouds are divided into two contiguous half

egions on logarithmic scale in order to show separately the relative
rend of the different lines at distances from the shock front and from
he side illuminated by AGN radiation. For an outflowing gas the
MNRAS 524, 143–160 (2023) 
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Figure 12. Comparison of calculated with observed line ratios. Blue circles: regions R1–R5. Red circles: regions R6–R10. 
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hock front is on the left of the left-hand panel, opposite to the edge
eached by the AGN radiation on the right of the right-hand panel.
he gas heated to temperatures ≥10 6 K at the SD edge recombines
lo wly do wnstream follo wing the cooling rate. 

The FWHM of the observed CLs indicates that the gas velocity
s relatively high ( ≥400 km s −1 , see Fig. 6 ) in the different regions.
s a consequence, the clouds are possibly fragmented by turbulence

t the shock front (Contini & Goldman 2011 ). In order to reproduce
he [Fe X ] emission, which is observed in the spectra of the R3, R6,
nd R7 regions, we will follow the method presented by Fonseca-
aria et al. ( 2021 ), i.e. we consider that cloud fragments that are
ot illuminated by radiation from the AGN also contribute to the
pectra. The spectra from these SD fragments (which we will call
ust ‘fragments’ hereafter) are summed up in pluri-cloud models
o the RD spectra, which account for both radiation and shocks.
he fragments are matter bounded. Only the high-ionization-level

coronal) lines emitted from the fragments are strong because they
ome from the downstream region close to the shock front, where
he temperatures are high. Lo w-ionization-le vel lines are weak or
ull because the recombination zone within the cloud is cut-off.
herefore, in pluri-cloud models only the CLs are affected by

he fragments. For regions R6 and R7, the fragments have a very
mall geometrical thickness. R6 RD clouds are also matter bounded.
he presence of clouds with different geometrical widths is due to

ragmentation in a turbulent regime created by shocks. It is possible
hat the fragments do not appear in regions far from the AGN. So,
ven if the RD clouds in regions such as R4 and R10 show trends of
 e , T e , and of the fractional abundances of the ions similar to those
or R6, R7, and R3, the CLs may have different intensities because
he latter are dominated by the contribution from the SD fragments. 

Top panels of Fig. 13 show that the RD region within the R6
louds is reduced because the shock dominates. Moreo v er, the re gion
f fully recombined gas, where [O I ] stems from, disappeared. On
NRAS 524, 143–160 (2023) 
he other hand, the RD region is much extended in the R7 clouds
bottom panels). The geometrical thickness D that also affects the
emperature distribution within the clouds co v ers a rather large range
0.003–0.012 pc). D bias the line ratios and the relative SD/RD
as emission. The large range of D is most probably a conse-
uence of the high fragmentation due to turbulence near the shock
ront. 

The H β flux calculated at the nebula (H βc ) exceeds by many
rders of magnitude the flux observed at Earth (H βo ) in all regions
1–R10. From their ratios H βc /H βo = ( d / r c ) 2 , where d = 49.3 Mpc

s the distance of IC 5063 to Earth, we calculate the distance r c of
ach region to the AGN. Here, R6 acts as the active centre. 

As an additional test of consistency of the modelling, we compare
he observed and calculated distances r o and r c , respectively, in the
1–R10 regions. The former distances were measured from the AGN

n Fig. 11 . Rows 23 and 25 in Tables 1 and 2 list r c and r o , respectively.
or R4, R5, R8, and R9 the fit is acceptable within a ∼10 per cent
rror. For R1 and R10 the error is larger because these regions are
ore extended and they are located at large distances from R6. At

istances of e.g. 2.2 kpc the error is ∼30 per cent. For the clouds in
egion R6 we adopt a maximum not null distance from the AGN r o 
 0.1 kpc. To reco v er the r o values for r c in the R2, R3, R6, and R7

egions, we introduce the filling factors ff = 0.6, 0.13, 0.004, and
.21, respecti vely. Therefore, the filling v alue for each region was
djusted so that the values of r o match the values of r c . It should
e notice that in the shock scenario, the leading edge of the shock
ompresses pre-shock gas into a very small volume, producing a
lling factor that is significantly lower than that of the circumnuclear
SM. The filling factor in such pre-shock gas is already low in the
arrow-line region (NLR) of typical AGN (Maksym et al. 2019 ).
or the other regions ff ∼ 1 (bottom row in Tables 1 and 2 ). The ff
actor decreases with decreasing distance from the AGN along the
W direction and it drops to a minimum in the region adjacent to the
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Figure 13. T e , n e , and ion profiles through regions R6 (top panels) and R7 (bottom panels) clouds. The clouds are divided in two contiguous halves that are 
displayed by the left- and right-hand panels. In the left-hand panel the shock front is on the left and the X -axis scale is logarithmic. In the right-hand panel the 
right edge is reached by the flux from the active centre. The X -axis scale is logarithmic in reverse in order to have the same detailed view of the cloud edges. 
Black lines: T e (solid) and n e (dashed); blue lines refer to ionized oxygen: [O V ] (dashed), [O IV ] (dash–dotted), [O III ] (solid), and [O II ] (dotted); cyan: [O I ] 
(solid); green: [N II ] (dotted); magenta: [H I ] (solid) and [H II ] (dashed); and red: [Fe XI ] (dashed), [Fe X ] (dash–dotted), and [Fe VII ] (solid). 

a
b

6

T  

b
(  

z  

t  

f
t  

o  

(  

2  

i
H
O
u

i
o  

n  

w
o  

a
p  

t  

f  

i  

c  

c  

a  

b  

I  

t
e
T  

l  

t  

i  

o  

a  

i

D
ow

nloaded from
 https://academ

ic.oup.com
/m

nras/article/524/1/143/7205528 by Instituto N
acional de Pesquisas Espaciais user on 28 July 2023
ctive centre. Most probably the turbulent activity close to the AGN 

reaks and destroys the clouds. 

.4 Discussion 

he results of modelling presented in the last section showed that the
ulk of the recombination lines (e.g. H β), the forbidden intermediate 
e.g. [O III ]), and the lo w-le vel lines (e.g. [N II ]) come from the RD
one, while high-ionization-level lines ([Fe VII ] and [Fe X ]) form in
he SD zone, which is heated to high temperatures through the shock
ront and downstream. Therefore, the effect of shocks is necessary 
o explain the relatively high [Fe VII ]/H β and [Fe X ]/H β line ratios
bserved in IC 5063. This is in agreement with previous works
Sharp & Bland-Hawthorn 2010 ; Mingozzi et al. 2019 ; Venturi et al.
021 ; Holden et al. 2023 ), which found that radiation from the AGN
s the main source of ionization for low- and mid-ionization lines. 
ere, using a different approach, we reached to a similar conclusion. 
ur modelling points out that extended coronal emission is an 
nambiguous signature of shocks. 
We interpret the nuclear and the two secondary peaks of high- 

onization gas as shock-driven emission produced by the interaction 
f the jet with the ISM due to the following reasons. First, at the
ucleus, because of the projected galaxy scale (1 arcsec = 239 pc),
e observed predominantly the gas emission coming from the region 
utside the torus and extended up to a few hundred parsecs. We have
lready seen that the coronal gas is highly turbulent and kinematically 
erturbed there. Very likely, the part of the CLR photoionized by
he radiation from the central source is restricted to the central
ew tens of parsecs, as shown by Rodr ́ıguez-Ardila et al. ( 2017 )
n NGC 4388. They showed that the AGN alone can produce strong
oronal emission in the central few parsecs. Moreo v er, the e xtended
oronal emission attributed to the AGN reaches a few tens of parsecs
t the most. That scenario can be also applied to IC 5063 because
oth sources have a very similar bolometric luminosity. Ho we ver, in
C 5063 the jet propagates very close to the galaxy plane, increasing
he jet–ISM interaction. Second, the off-nuclear peaks of coronal 
mission coincides spatially with the position of the radio lobes. 
hird, the coronal gas kinematics is strongly perturbed at the radio

obes and with an enhance of the gas density (see Section 5 ). Fourth,
he coronal gas is extended the most to the NW, where the radio lobe
s the brightest. Last but not the least, at distances equi v alent to that
f the radio lobes but in the perpendicular direction to the radio jet
xis, no evidence of coronal emission is observed. Ho we ver, lo w-
onization gas fills up the intercone region (see Section 5 ). 
MNRAS 524, 143–160 (2023) 



158 M. A. Fonseca-Faria et al. 

M

2

4

6
T

e
N

e

 lo
g(

T
e
, n

e
)   a)

-6

-4

-2

0

[OIV]

[OV] lo
g(

X
i/X

)  

 b)

14.4 14.6 14.8 15 15.2 15.4 15.6 15.8 16
log distance from shock front [cm]

-6

-4

-2

0

[FeVII]
[FeX]

[FeXI]

 lo
g(

X
i/X

)  

 c)

2

4

6 R4O

  

 a)

-6

-4

-2

0

[OI]

HI

[OV]

[OIII]

[OIV]

[OII][NII]

  

 b)

14.414.614.81515.215.415.615.816
log distance from opposite edge [cm]

-6

-4

-2

0

[FeVII]  

 c)

2

4

6
T

e
N

e

 lo
g(

T
e
, n

e
)   a)

-6

-4

-2

0

[OIII]

[OIV]

[OV]

 lo
g(

X
i/X

)  

 b)

14.4 14.6 14.8 15 15.2 15.4 15.6 15.8 16
log distance from shock front [cm]

-6

-4

-2

0

[FeVII]

[FeX]
[FeXI]

 lo
g(

X
i/X

)  

 c)

2

4

6 R10O

  

 a)

-6

-4

-2

0

[OI][OV]

  

 b)

14.414.614.81515.215.415.615.816
log distance from opposite edge [cm]

-6

-4

-2

0

[FeVII]

  

 c)

Figure 14. Same as in Fig. 13 , but for regions R4 (top panels) and R10 (bottom panels). 

Table 3. Per cent contributions to the most significant lines from the shock-dominated (SD) and radiation-dominated (RD) clouds 
predicted by the models in regions R1–R5. 

Line SD1 RD1 SD2 RD2 SD3 RD3 SD4 RD4 SD5 RD5 

H β 0.3 99.7 0.21 99.8 1.3 98.7 13.0 87.0 3.2 96.8 
[O III ]5007 1.2 92.8 1.33 98.7 1.5 98.5 3.3 96.7 1.37 98.6 
[Fe VII ]6087 98.1 1.9 95.9 4.08 93.0 7.0 100 0.0 98.0 1.6 
[Fe X ]6375 97.5 2.5 99.8 0.2 99.0 1.0 97.6 0.01 100 0.0 
[N II ]6583 0.7 99.3 0.6 99.4 1.7 98.3 3.9 96.1 1.5 98.5 
[O II ]7320 4 96 5.6 94.4 9.3 90.7 5.9 94.1 8.5 91.5 
T 0 a 255 1.03 209 1.1 210 1.04 360 0.94 220 1.0 

a T 0 (in 10 4 K) is the gas temperature at the edges of the cloud (see Fig. 12 ). 

Table 4. Same as Table 3 , but for regions R6–R10. 

Line SD6 RD6 SD7 RD7 SD8 RD8 SD9 RD9 SD10 RD10 

H β 24.9 75.1 0.2 99.8 0.6 99.4 0.2 99.8 0.2 99.8 
[O III ]5007 43.0 57.0 0.4 99.6 2.8 97.2 2.8 97.0 1.7 98.3 
[Fe VII ]6087 100 0.0 100 0.0 99.0 1.0 99.8 0.2 98.1 1.9 
[Fe X ]6375 100 0.0 100 0.0 100 0.0 100 0.0 100 0.0 
[N II ]6583 32.6 67.4 0.1 99.9 3.5 96.5 0.2 99.8 0.5 99.5 
[O II ]7320 71.4 28.6 0.2 99.8 0.8 99.2 2.5 97.5 6.2 93.8 
T 0 a 293 0.96 520 1.07 293 0.94 420 1.0 230 1.0 

a T 0 (in 10 4 K) is the gas temperature at the edges of the cloud (see Fig. 12 ). 
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From all the results gathered abo v e, we conclude that the detection
f extended coronal gas, at several hundred of parsecs away from
he AGN, is a natural consequence of the presence of shocks.
n IC 5063, the alignment between the radio jet and the high-
onization gas strongly suggests that the interaction between the 
et and the ISM gas is the source of such shocks. The jet traces the
inetic feedback of the highest ionized component at optical and 
IR wavelengths. Photoionization models combining the effects of 

hocks and radiation from the active centre strongly support this 
cenario. Low- and mid-ionization lines are primarily AGN driven, 
s found by previous works, but we do not discard that shocks may
lso contribute to the observed emission line flux. 

 C O N C L U S I O N S  

e studied the highest ionized portion of the gas in the Seyfert 2
alaxy IC 5063 by means of VLT/MUSE IFU data in the optical
egion. To this purpose, we analysed the nuclear and extended 
ighest ionized emission in IC 5063 using the CLs [Fe VII ] λ6087 and
Fe X ] λ6375. Moreo v er, we report the first detection of [S XII ] λ7611
nd [Fe XI ] λ7892 in IC 5063. Their emission region, though, is
patially unresolved and centred at the AGN. We detected extended 
oronal emission in the [Fe VII ] λ6087 and [Fe X ] λ6375 lines along
he radio jet axis, with a total extension of ∼2 kpc from the SE
o the NW edges of the coronal emission region. In addition, two
econdary peaks of emission were found at 400 and 500 pc, SE and
W, respectively, from the AGN, coinciding with the position of 

he two radio lobes observed in this source. The largest extension 
f the coronal gas is located at 1193 ± 39 pc NW of the AGN.
e interpret the two secondary peaks of high-ionization gas as 

hock-driven emission produced by the interaction of the jet with the 
SM. The evidence gathered from IC 5063 and other AGN allowed 
o conclude that the detection of extended coronal gas is a clear
ignature of the presence of a radio jet strongly interacting with the
SM. They are the clearest evidence of most energetic component of
he kinetic feedback in a yet radio-weak AGN. 

Additional support to the abo v e scenario is obtained from a
etailed analysis of the gas kinematics. We found that the coronal gas
s decoupled from the disc rotation. Indeed, velocities in excess of up
o 300 km s −1 relative relation to the gas rotation mapped by H α are
dentified and coincident with the position of the radio lobes. At these
ocations, high FWHM values are identified, of up to 500 km s −1 ,
hat coincide with high flux values of [Fe VII ]. These results indicate
he presence of an expanding and highly turbulent gas. Channel 
aps reveal broad blue-asymmetric profiles, with velocities reaching 
600 km s −1 relative to the systemic velocity of the galaxy. To the SE,

plit line profiles are identified and associated with expanding gas. 
elocities in excess of 350 km s −1 relative the systemic are found in

his region. Furthermore, the fact that the highest temperature values 
re also cospatial to regions of greater turbulence suggests that the 
xtended coronal emission is likely driven by shocks produced by 
he interaction of the radio jet and the ionization cone gas. 

The abo v e scenario is further tested by means of photoionization
odels that combine the effects of shocks and the radiation from
 central source. 10 representativ e re gions of the nuclear and
ircumnuclear environment across the field of view co v ered by 
USE were studied. We found that the bulk of the low- to medium-

onization lines are produced by RD clouds, illuminated by the AGN 

ontinuum radiation flux. In contrast, most of the observed high- 
onization lines ([Fe VII ], [Fe X ], and [Fe XI ]) are formed in SD clouds.
he shock velocities necessary to reproduce the observed spectra 
re in agreement with those measured from the gas kinematics. 
e verify that the shocks are necessary to explain the relatively
igh line ratios [Fe VII ]/H β and [Fe X ]/H β observed in the nucleus
nd in the e xtended re gion. Furthermore, the high values of density
 > 10 2 cm 

−3 ) and temperature (reaching 20 000 K), associated with
egions of greater turbulence and enhanced CL emission, corroborate 
he scenario of shocks produced by the interaction between the radio
et and the ISM. 
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