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ABSTRACT

The central regions of galaxies harbouring active galactic nuclei (AGNs) can be quite complex, especially at high activity,
presenting, besides variability, a variety of phenomena related, e.g. to ionization/excitation mechanisms. A detailed study is
necessary in order to understand better those objects. For that reason, we performed a multiwavelength analysis of the nuclear
region of the nearby Seyfert galaxy NGC 7314, using an optical data cube obtained with the Integral Field Unit from the Gemini
Multi-Object Spectrograph, together with Hubble Space Telescope images, X-ray data from the XMM-Newton and the Nuclear
Spectroscopic Telescope Array and radio data from Atacama Large Millimeter/Submillimeter Array. The goals were to study the
nuclear and circumnuclear emission, the emission of the AGN and the gas kinematics. The optical spectrum shows the emission
of a Seyfert nucleus, with broad components in the Ho and H B8 emission lines, characterising a type 1 AGN, with a spectrum
rich in coronal emission lines. The spatial morphology of the [O 11] A5007 suggests the presence of an ionization cone, west of
the nucleus, meanwhile the east cone seems to be obscured by dust. An extended [Fe vii] A6087 emission was also detected,
which could be possibly explained by a scenario involving photoionization + shocks mechanisms. X-rays analyses showed
that there are variations in the flux; however, we did not detect any variations in the column density along the line of sight. Its

variability may be a consequence of changes in the AGN accretion rate.

Key words: galaxies: active — galaxies: individual: NGC 7314 — galaxies: kinematics and dynamics — galaxies:nuclei.

1 INTRODUCTION

The nucleus of a galaxy that harbours an active galactic nucleus
(AGN) can be quite complex. Besides the possible variability
of the central source (Gaskell & Klimek 2003), different ioniza-
tion/excitation mechanisms, such as photoionization by the AGN
(e.g. Netzer 2013) and shock heating (e.g. Dopita & Sutherland
1995; Dopita et al. 2015), may have a significant impact on different
aspects of the circumnuclear region. Those effects can be seen
in the morphology of the line-emitting regions and circumnuclear
structures, and also can interfere in the gas kinematics and the star
formation rate. The study of this central spot of galaxies and of
the physical mechanisms acting there are essential for the correct
understanding of the entire structure of these objects, their evolution,
and influence in the host galaxy.

NGC 7314 is a SAB(rs)bc galaxy (de Vaucouleurs et al. 1991)
located at 16 Mpc of distance (Tully, Courtois & Sorce 2016), which

corresponds to an angular-to-physical scale of 0.013 arcsecpc™'.
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It has a complex variable nucleus and is part of the Milky Way
morphological twins sample of the Deep IFS View of Nuclei of
Galaxies (DIVING?P — Steiner et al. 2022). For these reasons, it is
a prime target for studying the impact and environment of a Seyfert
nucleus in late-type galaxies.

There has been an extensive debate about the nuclear activity of
NGC 7314, whose classification varies between Seyfert 1 or 2, among
other intermediate classifications. The nucleus was considered to
be a Seyfert 1 by Stauffer (1982), who measured the full-width
half-maximum (FHWM) of the broad component of Ha to be
1400 km s~!. Additional support to the Seyfert 1 nature was provided
by Morris & Ward (1985). They detected the emission of O 118446, a
line that is typically found in the spectra of Seyfert 1 galaxies. Later,
it was also classified as Seyfert 1 by Veron-Cetty & Veron (1986),
Knake, Schmidt-Kaler & Schulz (1991), Kirhakos & Steiner (1990),
Schulz, Knake & Schmidt-Kaler (1994), among other studies. The
nucleus of NGC 7314 was classified as an obscured narrow line
Seyfert 1 by Dewangan & Griffiths (2005), based on the absence of
a broad component in H 8 and on its X-ray properties. In contrast,
other authors have classified NGC 7314 as a Seyfert 2, due to the
small values of FWHM of the lines, or as a Seyfert 1.9, due to the
non-detection of the broad component of H §: Filippenko (1983),
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Whittle (1992), Winkler (1992), Nagao, Taniguchi & Murayama
(2000), and Trippe et al. (2010). With the use of spectropolarimetry,
NGC 7314 was also classified as a hidden broad-line region AGN
(Tommasin et al. 2010). By using ASCA, XMM-Newton, and Suzaku
data between a period of 13 yr in total, Ebrero et al. (2011) proposed a
scenario to explain the detection of highly ionized emission lines, and
the increase of the column density and variability, with the presence
a clumpy torus that the observer slightly sees.

While there is a debate about the classification of the Seyfert class
in NGC 7314, the majority agrees that this source is strongly variable
in X-rays (e.g. Green, McHardy & Lehto 1993; Pacholczyk &
Stoeger 1994; Yaqoob et al. 1996; Turner et al. 1997). Different
studies detected a softening of the X-ray power-law component with
increasing flux (e.g. Turner 1987; Walter & Courvoisier 1992).

In this paper, we carry out a deep analysis of the central region of
NGC 7314 by means of Integral Field Unit (IFU) spectroscopy in the
optical band, obtained with the Gemini Multi-Object Spectrograph
(GMOS) at the Gemini-North telescope. We also use complementary
optical data from Hubble Space Telescope (HST), Atacama Large
Millimeter/Submillimeter Array (ALMA), Southern Photometric
Local Universe Survey (SPLUS), XMM-Newton, and Nuclear Spec-
troscopic Telescope Array (NuSTAR). The aim is to identify the main
ionization mechanisms in the nuclear and circumnuclear regions in
a radius of about 300 pc and obtain a detailed description of the
nuclear environment.

This paper is structured as follows. In Section 2, we describe
the set of data employed, the reduction process and data treatment
techniques. In Section 3, we show the analysis of the main circum-
nuclear line-emitting regions detected in the GMOS/IFU data cube.
In Sections 4 and 5, we present detailed modellings of the optical
emission-line spectrum and of the X-ray spectrum, respectively. In
Section 6, we analyse the gas kinematics in the GMOS/IFU data
cube. Finally, we discuss our results and present our conclusions in
Sections 7 and 8, respectively.

2 OBSERVATIONS AND DATA REDUCTION

In order to carry out a detailed analysis of the nuclear emission of
the galaxy NGC 7314, we employ data from different telescopes and
spectral bands, such as optical (with GMOS), radio (ALMA) and
X-rays (XMM-Newton and NuSTAR). In this section, we describe
the observations, data reduction, and treatments, when applied.

2.1 GMOS data

The optical data cubes were taken with three exposures of ~862 s,
using the GMOS/IFU from Gemini-North telescope on the night of
2016 July 6th. The data are from the program GN-2016A-Q-502
(PI: Jodo Steiner) and are part of the DIVING?P survey. The position
angle (PA) of the observation was 0°. The grating was R831 4+ G5302,
centred at 5850 A, resulting in a spectral resolution of R = 4340 and in
a spectral coverage of ~4788-6910 A. The data cubes were reduced
with spatial pixels (spaxels) of 0.05 arcsec.

The reduction of the data was performed using the Gemini package
scripts in IRAF. After the creation of the data cubes, they were
corrected for the differential atmospheric refraction and combined
into one data cube, in the form of a median. The high frequency noise
was removed from the images with a Butterworth spatial filtering
procedure (Gonzalez & Woods 2002), which was applied using a
filter given by the product of two circular Butterworth filters, with
order n = 2 and with a cut-off frequency of 0.2 Ny. As explained in
Menezes et al. (2019), only spatial features smaller than the size of
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the PSF (and, therefore, not associated with real spatial structures) are
removed in this method. After the filtering procedure, an instrumental
fingerprint (usually detected in GMOS/IFU data cubes in the form
of vertical stripes in the images and with a characteristic low-
frequency spectral signature) was removed, as explained in Menezes
etal. (2019). Finally, a Richardson-Lucy deconvolution (Richardson
1972; Lucy 1974) was performed to improve the spatial resolution.
As explained in Menezes et al. (2019), the use of the Richardson—
Lucy deconvolution is only advisable when a reliable estimate of
the PSF is available, which is the case of NGC 7314. When such
care is taken, the Richardson-Lucy deconvolution improves the
visualisation of the spatial morphology of the structures, without
compromising the data, as proven in many articles such as da Silva,
Menezes & Steiner (2020), Menezes & Steiner (2018), and Menezes,
Steiner & Ricci (2013).

All the treatment procedures were performed using scripts written
in Interactive Data Language (IDL). They are described in detail in
Menezes et al. (2019), together with the steps of data reduction. In
order to estimate the spatial resolution of the treated data cube, we
constructed an integrated flux image of the broad component of the
H o emission line. Since this object is a type 1 AGN, the image of the
broad H « component reveals the broad-line region (BLR), which is
not spatially resolved and, therefore, has the same size of the PSF
of the observation. The broad H « image was obtained by fitting the
[N11] + Ho emission lines in all spectra of the deconvolved data
cube with a sum of Gaussian functions. Each narrow component was
fitted with one narrow Gaussian and the broad H o was fitted with
one broad Gaussian (all narrow Gaussian fits had the same width
and redshift values). For further detail, see Section 4.1. The resulting
broad H o image provided a FWHM of the PSF of ~0.42 arcsec. The
same procedure applied to the data cube before the Richardson—
Lucy deconvolution resulted in a FWHM of the PSF of ~0.61
arcsec.

2.1.1 Creation of the gas data cube

In order to study, the gas emission of the nuclear region of NGC 7314,
it is important to remove, as much as possible, the stellar continuum
of the different spaxels in the data cube. In this case, due to the
considerable AGN continuum emission, only faint stellar absorptions
were detected. To remove the continuum emission, we applied a
spectral synthesis, with the STARLIGHT software (Cid Fernandes
et al. 2005) to the spectrum corresponding to each spaxel of the
data cube. Before this procedure, all the spectra of the data cube
were corrected for Galactic extinction, using Ay = 0.058 (taken from
NASA/IPAC Extragalactic Database — NED!) and the extinction law
of Cardelli, Clayton & Mathis (1989). We also corrected the spectra
for redshift, using z = 0.00476 (Koribalski et al. 2004). The spectral
synthesis was applied using a base of stellar population spectra based
on the Medium resolution INT Library of Empirical Spectra (MILES;
Sanchez-Blazquez et al. 2006). We also added a power-law with a
spectral index of 1.5 (typical for AGNs) to this base to reproduce the
AGN featureless continuum. The synthetic spectra provided by the
spectral synthesis were subtracted from the observed ones, resulting
in a data cube with essentially only emission lines, which we will
call gas data cube hereafter.

IThe NASA/IPAC Extragalactic Database (NED) is funded by the National
Aeronautics and Space Administration and operated by the California
Institute of Technology.
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Figure 1. RGB composition of the filters of the SOUTHERN PHOTOMETRIC
LOCAL UNIVERSE SURVEY (SPLUS; Mendes de Oliveira et al. 2019; Almeida-
Fernandes et al. 2021) observation of NGC 7314 galaxy. In red: the sum of
the filters: R, 1, F861, and Z, in green the sum of the filters: G, F515, and
F660, and in blue the sum of the filters: U, F378, F395, F410, and F430. The
blue and green squares represent the size and position of the GMOS and HST
field of views used in this work, respectively. The size of the GMOS FOV is
229 pc x 310 pc and the HST FOV used here is 923 pc x 822 pc.

2.2 HST images

We retrieved HST images, from the public archive, in order to analyse,
with a high spatial resolution (~0.22 arcsec, estimated from the
F814W filter), the spatial structures in the nuclear region of NGC
7314 that are larger than the GMOS field of view (FOV, compare
the green and blue squares in Fig. 1, the size of the HST FOV is
923 pc x 822 pc). The images were taken with the Wide Field and
Planetary Camera 2 (WFPC2) in different epochs. The F606W filter
image was taken on 1994 August 24, with an exposure time of 500 s.
This data is from the proposal ID 5479 (Principal investigator — PI:
Matthew Malkan). The images in the F814W and F450W filters were
part of the proposal ID 9042 (PI: Stephen Smartt) and were taken on
2001 July 3, with an exposure time of 230 s. We applied a cosmic ray
removal procedure to all HST images using the L.A.Cosmic routine
(van Dokkum 2001). The images were rotated and resized, in order to
have the same orientation of the GMOS data cube, and a reasonable
FOV for the comparison of the circumnuclear structures. The FOV
of the images has 11.9 x 10.6 arcsec?.

The matching between the HST images in different filters was
made assuming that the emission peak corresponding to the galactic
nucleus is coincident in all these filters. At the end, we verified that
the stars detected, in different filters, along the FOV were adequately
superposed, indicating that our approach for the matching is reliable.
The matching between the HST data and the GMOS data, on the
other hand, was made assuming that the emission peak in the / band
(F814W)image, which is not significantly affected by dust extinction,
corresponds to the AGN position, which, in the GMOS data cube, is
determined by the image of the broad H o component.

2.3 ALMA data

The ALMA data were used in this work to study the kinematics and
morphology of the molecular gas in the central region of NGC 7314.
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Table 1. X-ray observations taken with XMM-Newton and NuSTAR that were
used in this work. Column 1 presents the identification of each observation,
the net exposure time is given in Column 2 in kilo-seconds, the date when
each observation was taken in given in Column 3, and the short observation
identification is given in Column 4.

Obs. ID Exposure Date Short Obs. ID
time (ks) (year-month-day)
XMM-Newton
0111790101 44 2001-05-02 XMM>o01
0725200101 140 2013-05-17 XMM>013-A
0725200301 132 2013-11-28 XMM>013-B
0790650101 65 2016-05-14 XMM>o16
NuSTAR
60201031002 100 2016-05-13 Nuooi6

The data were obtained from the public archive and were taken on
2018 August 30. The data are part of the program 2017.1.00082.S
(PI: Santiago Garcia-Burillo). The angular resolution of this ob-
servation was 0.092 arcsec with rest frequency of CO(3—2) of
345.7960 GHz. These data were published in Garcia-Burillo et al.
(2021), in which the authors made a study about the molecular torus
of NGC 7314, among other galaxies that are also part of the Galaxy
Activity, Torus, and Outflow Survey (GATOS) survey.

We assumed that the molecular gas kinematic centre, obtained
from the velocity map of the CO(3—2) emission line, corresponds to
the AGN position (see Section 6), since we did not have other suf-
ficiently accurate estimate for such a position, which was necessary
to make superpositions with the GMOS data (see Section 5).

2.4 SPLUS data

Fig. 1 is part of the DR3 of the SOUTHERN PHOTOMETRIC LOCAL UNI-
VERSE SURVEY (SPLUS; Mendes de Oliveira et al. 2019; Almeida-
Fernandes et al. 2021) obtained with the T80, a 80-cm telescope,
located at Cerro Tololo, Chile. The data were taken on 2019 August
15 and consist of images in 12 filters: R, I, F861, Z, G, F515, F660,
U, F375, F395, F410, and F430, with spaxel size of 0.55 arcsec.
The exposure times were different for each filter and vary from 99
(G filter) to 870 s (F660 filter). The images in Fig. 1 are a cut of
a square of 400 pixels (~3.7 arcmin) centred on the nucleus of the
galaxy (RA = 22"35"46.191%, Dec. = —26903™01.68° — NED). The
images were flux calibrated and, then, a Butterworth spatial filtering
(Gonzalez & Woods 2002) was applied, in order to remove the high
spatial-frequency noise. Then, the images were summed based on
their wavelengths in order to create an RGB composite image. It will
be employed to show the galactic structure as a whole and to help in
the matching of GMOS and ALMA data.

2.5 X-ray data

We used the HEASARC archive to search for different XMM—Newton
and NuSTAR observations with publicly available data until June
2021. This search provided observations of this object in several
years in the case of XMM-Newton and one observation of NuSTAR,
as shown in Table 1.

2.5.1 XMM-Newton data

The observation data files (ODFs) from the European Photon
Imaging Camera (EPIC) on the detector were processed using
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Figure 2. Panel (a): image of the H o broad component extracted from the GMOS gas data cube, indicating the nucleus of NGC 7314 (Region 1) and a second
emitting region (Region 2). Panel (b): image of [Fe vii] 6087, indicating regions 2 and 3. The cross represents the position of the centre of the H« broad
component emission and its size the 3o uncertainty. The regions drawn in the images represent the areas of the extraction of the spectra for the emission-line
ratios analysis of each region. The circular area is the size of the PSF of the data and regions 2 and 3 were determined as rectangular, since they are disposed
in the edges of the FOV. Their sizes were determined to be greater than the area of the PSF of the data. The scale indicated in each image is the integrated

flux, in units of 10~13 erg cm ™2

s~!. The orientation of the observation of the GMOS data cube and its scale, in pc, is present in panel (a). The map of broad

H « emission is limited by amplitude-to-noise ratio (A/N) > 4, but the map of [Fe vII] 26087 is not, giving the impression that Region 2 also has [Fe 1v] 16087,
which is not the case. The fact of this region appears in this image is an effect of irregularities in the residuals of the data cube continuum subtraction.

the Science Analysis System (SAs—version 17.0.0). We followed
standard procedures to obtain calibrated and concatenated event lists,
by filtering them for periods of high background flaring activity, and
by extracting the light curves and spectra. The source events were
extracted using a circular region, with a radius of 35 arcsec, centred
on the target, and the background events were extracted from a
circular region, with a radius of 70 arcsec, on the same chip far from
the source. The data were taken using the small window mode and
the medium blocking filter, in order to reduce pile-up and optical
loading effects, respectively. We verified that the photon pile-up is
negligible in the filtered event list with the task EPATPLOT. After that,
the response matrix files (RMFs) and ancillary response files (ARFs)
were generated and the spectra were re-binned, in order to include
a minimum of 25 counts in each background-subtracted spectral
channel, and, also, in order to not oversample the intrinsic energy
resolution by a factor larger than 3.

2.5.2 NuSTAR data

The data were processed using NUSTARDAS v1.6.0, available in the
NuSTAR Data Analysis Software. The event data files were calibrated
with the NUPIPELINE task using the response files from the Calibration
Data Base CALDB v.20180409 and HEASOFT version 6.25. With the
NUPRODUCTS script, we generated both the source and background
spectra, plus the ARF and RMF files. For both focal plane modules
(FPMA and FPMB), we used a circular extraction region, with a
radius of 50 arcsec, centred on the position of the source. The
background selection was made taking a region free of sources of
twice the radius of the target. Spectral channels were grouped with the
FTOOLS task grppha to have a minimum of 20 counts per spectral bin.

3 EMITTING REGIONS

From the GMOS gas data cube it is possible to study the spatial
morphology of the main line-emitting regions. For example, when
we have an object that is type 1 (i.e. it shows H & and/or H B emission
lines with broad components), it is worth to look at the emission peak
of the broad components in order to locate the position of the BLR.
The BLR is the most point-like source that we find in a type 1
AGN observation of the nucleus of a galaxy in a GMOS data cube,
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and its size, in this case, is limited by the size of the PSF of the
observation (e.g. Menezes, Steiner & Ricci 2013, 2014). We have
found this emission in the data cube of NGC 7314 and we have made
an image of the broad component of the H & emission line (Fig. 2a).
The nuclear emission, that is at the centre of the FOV, was called
Region 1. Curiously, the image of the broad H o component has also
an off-centred emission and, in order to study it more detail, we
defined a rectangular region (since it is located at the edge of the
FOV) and called it Region 2, also shown in Fig. 2(a). The projected
distance between the centres of regions 1 and 2 is shown in Table 2.

In addition to the prominent low- and mid-ionization lines detected
in the nuclear spectrum (see Fig. 3), the nuclear region of NGC 7314
displays prominent coronal lines (CLs). In order to study, the nature
of this emission, which is also detected in the circumnuclear region,
we delimited, from the [Fe viI] 16087 image (Fig. 2b), a rectangular
region, centred on the circumnuclear [Fe viI] 6087 emission peak.
This additional region was called Region 3 and the projected distance
between the centres of regions 1 and 3 is shown in Table 2. Although
Region 2 appears in the [Fe viI] 16087 image, its spectrum does not
show any CLs emission. The presence of this region in this image
could be explained by irregularities in the residuals of the continuum
subtraction.

All the three aforementioned regions in the GMOS/IFU data cube
are the ones from which we extracted spectra in order to study the gas
emission (see Section 4). Fig. 4 shows their continuum and the fits
from the spectral synthesis on their spectra (the method is described
in Section 2.1.1).

We also present an image of the [O111] A5007 emission line that
can be useful to evaluate the spatial distribution of the high ionization
regions in the environment of the nuclear region (see Fig. 5a). The
morphology of such an emission is very suggestive of an arched
structure that might represent the emission from one side of the
ionization cones.

When we look at the CO(3—2) image in Fig. 5(b), obtained with
ALMA, we notice that the molecular emission extends along the
North—South direction and, therefore, it is approximately perpendicu-
lar to the main axis of the ionization cone observed in the [O 1] A5007
image. When we superpose both images (see Fig. 5c), we can
see that the spatial morphology of the molecular gas is consistent
with a disc perpendicular to the axis of the ionization cone. The
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Table 2. Integrated flux of the emission lines of the three regions studied. Each narrow emission line was decomposed in two components (see Section 4.1 and
Figs A1-A3): one blueshifted and other redshifted (see their central wavelengths in Table A1). We separated the integrated fluxes of each component in order
to calculate their emission-line ratios, except the coronal lines of Region 1 that were not separated in two components. The broad components flux of the H
and H B emission lines are also shown in the table, however, they were not taken into account in the emission-line ratios calculations. We also present, in this
table, the H o luminosity, that was calculated taken into account only the two components that are part of the narrow emission: blue and red. This table contains
also the projected distances of regions 2 and 3 relative to Region 1, whose uncertainty only took into account the uncertainty of the pixel of the data cube.

Integrated flux (10713 erg s~ em™2)
Emission lines Regionl Region 2 Region 3
Blueshifted Redshifted Blueshifted Redshifted Blueshifted Redshifted
HB 56.5£0.6 358+£04 13.81 £0.23 16.6 £ 0.4 1.70 £ 0.03 2.36 £0.03
[O 1] 25007 853.9£0.5 49254+04 85.61 £0.19 140.1 £0.3 13.98 £+ 0.03 21.02 +£0.03
[0 1] A6300 13.6 £ 0.6 248 £0.5 3.46 £0.21 1.8+£0.3 0.25 £0.03 0.54 £0.03
Ha 146.6 0.8 90.8 £ 0.4 39.59 +0.23 2424+04 441 +0.05 6.68 + 0.03
[N1] 16584 101.9 £ 0.7 80.4 £ 0.4 31.03 £0.21 20.7 £ 0.4 223 +£0.04 5.93 £0.03
[Sm] 16716 21.17 £ 0.20 26.83 £ 0.16 12.65 £+ 0.09 839 £0.11 0.728 £0.014  2.598 +0.011
[Su]A6731 28.59 £0.24 26.34 £0.18 10.45 £ 0.08 8.07 £0.10 0.735 £ 0.011  1.886 % 0.007
[Arx] 25536 34412 - -
[Fe vii] L5721 9.23 £0.20 - -
[Fe vir] 26087 179 +£0.7 - 0.40 £+ 0.04 0.18 £ 0.03
[SI] A6312 5.85+£0.24 - -
[FeX] 6373 2.65+0.22 - -
Ha broad component 710 £ 3 114£04 1.68 +0.23
H « very broad component 264 + 34 - -
H g broad component 764 £ 1.1 - -
H a luminosity (10° L) 19.00 £ 0.10 5.10 £ 0.05 0.887 4 0.006
Projected distances from Region 1 (arcsec) - 1.16 + 0.05 1.68 £ 0.05
(a) 16 —_————— (b) 10 - . : . ; (c) 10 : :
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Figure 3. Optical spectrum of Region 1 (determined by the centre of the broad component of the Ho emission line, see Fig. 2) with the indication of the
emission lines that were identified. Panel (a): total spectrum, panel (b): blue part of the spectrum, and panel (c): red part of the optical spectrum. All the plotted
wavelengths are in the rest frame.
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Figure 4. Continua of the spectra extracted from regions (a) 1, (b) 2, and (c) 3 in black (see Fig. 2 to the identification of each region) and their spectral synthesis
fits in red (see Section 2.1.1 for the description of the spectral synthesis). All the plotted wavelengths are in the rest frame.
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Figure 5. Panel (a): Image of [O 111] 25007 emission line from the GMOS data cube. The crosses representing regions 1, 2, and 3, as determined in Fig. 2 are also
shown. Panel (b): Image of CO(3—2) obtained with ALMA data cube. The cross represents the estimated kinematic centre, see Section 6 for more details. The
kinematic centre was taken as being the centre of Region 1, from that it was also estimated the positions of regions 2 and 3. The scale of 50 pc and synthesised
beam is also presented. (c): RG composition of the image of CO(3—2), in red, and [O 111] 5007, in green. The cross size represents the 3o uncertainty, taking
into account the size of the pixel of the GMOS data cube, except for the panel (b), which due to the small size of the pixels, the size is arbitrary. The cyan
contours represent the estimation of the morphology of the ionization cone walls in both sizes, however-, only one cone is detectable.
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Figure 6. (a) RGB composition of the filters of HST: 814W (red), 606W (green), and 450W (blue). The contour is the same as in Fig. 5(c), representing the
estimate of the position of the walls of the ionization cone, which are clearly visible in the filter 450W. (b) Image of F814W—FA50W in magnitude scale. The
dark areas represent regions where the extinction is higher and the clear areas where the blue emission is more relevant. The crosses in all images represent the
centre of each emitting region delimited in Fig. 2, its size represent the uncertainty of 3o. The yellow circle represents the size of the PSF of the HST data,
estimated from the F814W filter, whose was the highest value among the three filters.

extended [O11] 15007 emission could represent, mostly, the walls
of the ionization cone, which are indicated by the dashed contours
in Fig. 5(c). Such contours were drawn based only on the observed
spatial morphology of the [O 111] A5007 image and superposed to the
HST image (Fig. 6a) with the reference point being the nucleus (in
the F814W and the broad Ho image). In order to confirm if this
emission comes from the ionization cone walls, we need to study the
[O 1] A5007 kinematics, which will be discussed in Section 6.

Fig. 6(a) shows the emission that suggests the ionization cone
walls, which is quite conspicuous in the F450W filter. This can be
explained by the fact that such a filter overlaps with the [O 111] 25007
emission line. We can also see significant obscuration east of the
nucleus, better seen in Fig. 6(b). The dust detected here is possibly
responsible for the obscuration of the counter-cone (whose position
is estimated with the eastern contour). Besides that, we can also see
that the nucleus seems to be connected in the south/south-east to a
structure similar to a spiral arm. As we will discuss in Section 6,
the south-east portion of the FOV has low velocities in redshift,
suggesting that the gas is entering the plane of the image. Taking
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that into account, such gas is coming from the outer region and is
falling into the nucleus. Garcia-Burillo et al. (2021) found evidence
of inflow of gas related to the bar in this galaxy.

3.1 Coronal emission lines

Because of their high-ionization potential (>100 eV), CLs are gen-
uine tracers of the presence of an AGN (Penston et al. 1984; Marconi
etal. 1994). Moreover, if this emission is extended, Rodriguez-Ardila
et al. (2006) showed that it inevitably would involve the presence of
outflowing gas, ionized by the combined effect of radiation from the
central source and shocks formed in the interface of the expanding
gas, and the interstellar medium. Such is the case of the Circinus
Galaxy, where [Fe viI] A6087 gas has been detected up to scales of
700 pc from the AGN (Rodriguez-Ardila & Fonseca-Faria 2020;
Fonseca-Faria et al. 2021).

Fig. 3 shows that NGC 7314 displays a remarkable CL emission
spectrum, with prominent lines seen not only in the nucleus, but
also in the off-nuclear region. In the wavelength interval covered
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by GMOS, lines of [Fe viI] A5721, [Fe vi1] A6087, [Fe X] 16373, and
[ArX] A5536 were detected at the nucleus. In addition, [Fe viI] L6087
is clearly extended towards the south-west. The above lines span
a large interval of ionization potential (IP), from ~100 eV for
[Fe vir] A6087 up to 422.45 eV for [ArX]15536. Their presence,
then, signals highly energetic processes in the NLR of this object.

The [Fe viI] 6087 emission extends up to a distance of ~150 pc
from the centre (see panel b of Fig. 2). Previous evidence of coronal
emission in NGC 7314 is scarce. Morris & Ward (1988) report the
detection of [Ne V] 13425 in the optical region. Later, Lamperti et al.
(2017) showed the presence of [S1X] 1.252 um and [Si vi] 1.963 um
lines in the NIR. To the best of our knowledge, no report of extended
coronal emission was previously found in this object.

From the GMOS gas data cube, we measured a nuclear flux
of 179 £ 0.7 x 107 ergem™ s~! for the [Fe viI] 16087 at
Region 1. At Region 3, the integrated flux decreases to about 5.8 x
107! ergem™2 s~!. Its strength, relative to narrow H S reaches 0.19
and 0.16 in regions 1 and 3, respectively.

The use of the CL emitting gas as a signature of energetic AGN-
driven outflows at scales of tens to hundred of parsecs from the
centre was explored by Rodriguez-Ardila et al. (2006). In the case
of NGC 7314, the detection of extended [Fe viI] A6087 emission
points towards the presence of an outflow component in this AGN.
Indeed, Fig. A3 shows the emission line profile of that ion detected
in Region 3 with a clear blue-asymmetry, also found out in mid- and
low-ionization lines. This result shows that the high-ionization gas
is also involved in the outflowing wind that sweeps out the hot gas
from the central regions of this AGN.

In Section 4.2, we will carry out photoionization models in order
to confirm if the observed high-ionization gas is likely due to a wind
photoionized by the central source.

4 EMISSION LINE SPECTRUM

By observing the emission-line images from the GMOS data cube,
the broad-band HST images, ALMA and X-rays data, we can see
that the nucleus of NGC 7314 harbours a strong AGN emission, with
bright narrow line region components (NLR), such as the ionization
cone. In order to analyse the emission from the central AGN and from
the NLR, we extracted spectra from the three different regions shown
in Fig. 2, as mentioned in Section 3, to calculate the corresponding
emission-line ratios.

4.1 Line decomposition and diagnostic diagram analysis

As we can see in the spectrum of Region 1 (Fig. 3), broad components
of the H o and H B emission lines can be easily detected. In addition,
as mentioned in Section 3.1, the profiles of most of the emission lines
in the spectra of the three regions are asymmetric, probably indicating
the presence of outflows. In order to analyse, in further detail, these
asymmetries and also to isolate the broad and narrow components of
each emission line, we applied a Gaussian decomposition to the
emission lines in the spectra of the three regions. Each narrow
emission line was fitted by a sum of two Gaussian functions a
blueshifted and a redshifted component. The width and redshift of
each component were estimated from the fitting of the [S 11] doublet.
The main reason for using the [S IT] lines as an empirical template for
fitting the other emission lines is related to the fit of the [N11] + Ho
spectral region. Since most of the [S11] and [N 11] lines are probably
emitted by the same partially ionized region, their widths and radial
velocities should be similar. Therefore, the use of such an empirical
template reduces the free parameters and, as a consequence, the
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degeneracies in the fit of the [N 1] + Ho spectral region. We opted
to also fit the other emission lines in the spectrum with the same
[S 1] empirical template, just to obtain a self-consistent model. Broad
Gaussian components were included to account for the emission from
the BLR. The use of the [S 11] empirical template allowed an accurate
separation of the broad H o component from the narrow components
of the [N 11] + H « lines. All Gaussian fittings were performed using
the Levenberg—Marquardt algorithm. We applied a correction of the
interstellar extinction, using the Ha/H g ratio (Balmer decrement),
based on the narrow components of these lines, and the extinction
law of Cardelli et al. (1989). After that, we repeated the Gaussian
decomposition of all emission lines. In the spectrum of Region 1, the
Gaussian decomposition was not applied to the [Fe 11] A5721,6087,
[Fe x] 26373, [Ar X] L5536, and [S 111] 16312 emission lines because
no significant asymmetries were detected for these lines and only
one Gaussian function was required to properly fit them.

After the Gaussian decompositions, we calculated the integrated
fluxes of the blueshifted and redshifted Gaussian curves resulting
from the decomposition of the narrow components (Figs A1, A2, and
A3) and, for the coronal emission lines that were not decomposed
(Region 1), we calculated the integrated fluxes by direct integration.
The uncertainties were determined with a Monte Carlo procedure,
with 100 iterations, taking into account the high-frequency spectral
noise, the uncertainties of the Gaussian fits (in the case of emission
lines that were decomposed), and also the residuals from the spectral
continuum subtraction.

For the spectrum of Region 1, we calculated the reduced x?
(x2,) of the Ha Gaussian decomposition with one and two broad
components, the values being 27.6 and 11.02, respectively, justifying,
then, that the fitting with two broad components is the most adequate
to delineate this line profile. For the H 8 decomposition, the fitting
did not converge using two broad components, therefore, we used
only one. The results of the Gaussian fits of the emission lines in the
spectrum of Region 1 are shown in Fig. A1. We also calculated the
X24 of the fittings of the Ho emission line in the spectra of regions 2
and 3, in order to see if a broad component was really necessary. In
Region 2, the value with the broad component was Xrea = 3.67 and
the value without it was x2,.q = 4.45, the broad component having
an amplitude higher than 30 (A = 0.32 and o = 0.09). In Region
3, the value with the broad component was X2rea = 11.15 and the
value without the broad component was x2.q = 14.17, the broad
component also having amplitude higher than 30 (A = 0.064 and
o = 0.011). Therefore, the decomposition of the H« emission line
in both regions was performed with a broad component (for further
detail and the hypothesis about it, see Section 7.3). The results of the
fittings of both regions are presented in Figs A2 and A3. The broad
H « components are shown in cyan in all figures. The integrated flux
of the broad components of all regions are shown in Table 2.

In order to evaluate the nature of the ionizing emission in
the nucleus of NGC 7314, we calculated the [O111] AS007/H S,
[Nu]A6584/He, [O1/Ha, and [SU]A(6716 + 6731)/Ha flux
ratios of the blueshifted and redshifted Gaussian curves of the
corresponding emission lines. Whenever possible, we also calcu-
lated the [Fe vir] A6087/H «, [Fe viI] A5S721/H «, [S1I] A6312/H «,
[Fe X] 26373/H o and [Ar X] A5536/H o emission-line ratios. In the
case of Region 1, since no Gaussian decomposition was applied to the
coronal emission lines, the ratios involving such lines were calculated
considering an Ho integrated flux corresponding to the sum of
the integrated fluxes of the blueshifted and redshifted Gaussian fits
obtained in its decomposition. The results are shown in Table 3.
Based on the emission-line ratios, we can clearly see that they are
all compatible with the emission of Seyferts. The [O 11] A5007/H B

MNRAS 519, 1293-1312 (2023)

£20Z YoJe\ 01 uo Jasn (IdN|) steloedsg sesinbsad ap [euoioeN o1mnsu| Aq 6/66189/S62L/1/61S/aI01e/Seluw/wod dno-oiwapeoe//:sdiy Wwolj papeojumoc]



1300 P da Silva et al.

Table 3. Observed emission-line ratios and H « luminosity of all three regions detected and results of the emission-line ratios and other parameters obtained
from the CLOUDY simulations. The emission-line ratios were calculated for both blueshifted and redshifted components for each narrow emission line. Region
1 was separated in two components: the narrow line region and the coronal line region, for a more detailed analysis. The parameters with “x’ are fixed. See
section 4.2 for more detail. D is the distance between the source and the line-emitting cloud, such a distance was a free parameter in Region 1 (both narrow line
and coronal line regions), and was kept fixed for the other regions, and taken as the projected distance between the AGN and the centre of the circular regions
from which the spectra were extracted. The bolometric luminosity of the AGN was a free parameter of Region 3 and was fixed for the other regions and its value
is2 x 10*2 erg s~!. The electronic density was a free parameter for the narrow line region (Region 1) and was determined from the [S 1] A6716/[S 11] A6731 and
was fixed for the other regions. The abundances of the elements not listed on the table are equal to the solar values.

Region 1 Region 1 Region 2 Region 3
Narrow line region Coronal line region
Blueshifted Redshifted - Blueshifted Redshifted Blueshifted Redshifted
Observed values [O 1] A5007/H B 15.10 £0.16 13.76 £ 0.15 - 6.20+0.10 842+0.19 821+0.16 891£0.10
[N11] A6584/H ¢ 0.695 £ 0.006  0.886 £ 0.006 - 0.784 £ 0.007 0.855 £0.022 0.505 £0.011 0.889 £ 0.005
[O1] 26300/H ¢ 0.093 £0.004 0.274 £ 0.005 - 0.087 + 0.005 0.073 £0.014 0.057 £ 0.009 0.081 £ 0.004

[SHA(6716 + 6731)/Ha 0339 £0.006  0.586 + 0.004

- 0.583 +0.004 0.681 +0.014 0.332 £ 0.005 0.672 £ 0.004

[ST]A6716/[S1] 16731 0.741 £0.009  1.019 £ 0.009 - 1.210 £ 0.012 1.039 £ 0.019 0.989 £ 0.025 1.377 £ 0.008
[Fe vii] A6087/H o - - 0.075 £ 0.003 - - 0.091 £ 0.009 0.027 + 0.004
[Fe viI] A5721/H & - - 0.0389 £ 0.0010 - - - -
[Sm]A6312/Ha - - 0.0246 + 0.0010 - - - -
[Fex] 16373/Ha - - 0.0112 + 0.0010 - - - -
[ArX] A5536/H « - - 0.015 £ 0.005 - - - -
Simulations results [O 1] A5007/H B 15.13 14.00 - 6.06 8.14 - 8.61
with cloudy [N 1] A6584/H 0.701 0.874 - 0.770 0.860 - 0.885
[O1] 16300/H 0.090 0.277 - 0.084 0.069 - 0.083
[ST]A(6716 + 6731)/Ha 0.327 0.585 - 0.579 0.654 - 0.672
[Su] A6716/[S 1] 16731 0.748 1.029 - 1.220 1.056 - 1.382
[Fe vir] A6087/H o« - - 0.066 - - - 0.027
[Fe viI] A5721/H & - - 0.041 - - - -
[Sm]A6312/Ha - - 0.023 - - - -
[Fex]16373/Ha - - 0.014 - - - -
[ArX] A5536/H - - 0.009 - - - -
Electron density (cm™) 1700 530% 3200 220% 490 596 49x%
Sulfur abundance (solar) 4.50 5.50 4.50 5.00 5.00 - 4.50
Oxygen abundance (solar) 1.20 1.50 1.00 0.60 1.50 - 0.70
Nitrogen abundance (solar) 3.00 1.80 1.00 1.80 4.00 - 1.95
Iron abundance (solar) 1.00 1.00 0.50 1.00 1.00 - 1.00
D (10% cm) 0.63 3.20 0.025 2.80x 2.80x 4.00+ 4.00x
Filling factor 0.01 0.01 0.10 0.01 0.01 - 0.01
Spectral cut (eV) 50 63 0 60 65 - 50

ratio of Region 1 (blueshifted and redshifted components) shows that
this region has the highest ionization degree among the three. That
suggests that Region 1 is the source responsible for the ionization of
the other two regions, that are part of the NLR of the AGN in Region 1.

4.2 Photoionization modelling

In order to evaluate whether or not the AGN continuum in NGC
7314 is enough to explain the observed emission-line spectra (in
particular, the CL emission spectra) in the GMOS/IFU FOV, we
generated several grids of simple models with version 13.03 of the
CLOUDY software, last described by Ferland et al. (2013), aimed at
reproducing the observed emission-line ratios of regions 1, 2, and 3.
Different models were used to reproduce the ratios of the integrated
fluxes corresponding to the blueshifted and redshifted components
of the narrow emission lines. We assumed an AGN continuum in the
form of a power-law, with a spectral index of 1.5, which is the usual
value normally taken into account in the literature to reproduce an
AGN featureless continuum.

We first modelled the spectrum of Region 3, because, for such
a spectrum, the distance from the central source was taken as
a fixed parameter (which would not have been possible for the
spectrum of Region 1, as explained later). That reduced the number
of free parameters and avoided certain degeneracies in the results.
The electron density for Region 3 was taken as 49 cm™ for the
modelling of the ratios obtained from the redshifted components,

MNRAS 519, 1293-1312 (2023)

and as 6.0 x 10?> cm ™ for the modelling of the ratios obtained from
the blueshifted components, as determined from the corresponding
[Sm] A6716/[S 1] L6731 ratios, assuming a temperature of 10000 K
(Osterbrock & Ferland 2006). We assumed that the distance between
the AGN and the emitting cloud in Region 3 is equal to the observed
projected distance between such regions (4.0 x 10?° cm).

The value of the AGN bolometric luminosity was taken as a fixed
parameter and equal to 2.5 x 10* erg s~!, as estimated from the
luminosity of the [O 111] A5007 emission line, assuming a bolometric
correction of 600 (Heckman & Best 2014). This AGN bolometric
luminosity was used in the modelling of the emission-line spectra of
regions 1, 2 and 3.

Since the focus of this work is not to obtain very detailed models
with the CLOUDY software, we opted to reproduce the interstellar
extinction effect between the AGN and the emitting cloud by taking,
as a free parameter, a low energy cut-off for the AGN continuum. A
similar approach was adopted in da Silva et al. (2021) and Menezes,
da Silva & Steiner (2021). One should note, however, that this simple
approach has the disadvantage of not considering the effects of the
interstellar extinction in spectral regions corresponding to energies
higher than the cut-off. Such a limitation must be taken into account in
the interpretation of the results. We also assumed, as free parameters,
the filling factor and the abundances of the elements.

The model was not able to reproduce the ratios obtained with
the blueshifted components in Region 3. On the other hand,
the simulated values of the [N1]A6584/Ha, [O1] A6300/H «,
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[Su]A(6716 + 6731)/Ha and [S1]A6716/[S1] 16731 emission-
line ratios obtained with the redshifted components were all com-
patible with the observed values, at the 1o level. The simulated
[O111] 5007/H B ratio obtained with the redshifted components was
compatible with the observed value, at the 30 level. This result
indicates that the AGN emission is sufficient to explain the observed
ratios obtained with the redshifted components, but different exci-
tation and ionization mechanisms (probably shock heating) must be
considered to reproduce the ratios corresponding to the blueshifted
components.

For the modelling of the emission-line spectrum of Region
2, we assumed the same free parameters of the modelling of
Region 3. The electron density value of Region 2, based on the
[Su] A6716/[S1] A6731 ratio, was taken as 2.2 x 10> cm™> for
the ratios obtained from the blueshifted components and 4.9 x
10? cm~ for the ratios of the redshifted components. We assumed
that the distance between the AGN and Region 2 is equal to the
projected distance between such regions (2.8 x 10%° ¢m). As can
be seen in Table 3, the predicted values of the ratios obtained
with the blueshifted and redshifted components were all compatible
with the observed values, at the 1o or 2o levels. Therefore, the
modelling of the emission-line spectrum of Region 2 indicates that
the photoionization by an AGN is enough to explain the observed
emission-line ratios, although that does not exclude the possibility
of additional excitation and ionization mechanisms.

The modelling of the emission-line spectrum of Region 1 was more
complicated. Since this spectrum was extracted from a circular region
with a diameter equal to the FWHM of the PSF of the observation, it
is not possible to actually determine a (projected) distance between
the AGN and the emitting cloud and include such a distance as
a fixed parameter in the modelling (as adopted for regions 2 and
3). Therefore, this distance was taken as a free parameter. We also
verified that a single modelling, with a constant electron density and
a specific distance between the AGN and the emitting cloud, was not
capable of reproducing, simultaneously, the properties of the coronal
emission lines, and of the lower ionization emission lines. We per-
formed, then, different simulations to reproduce the lower ionization
emission-line spectrum and the coronal emission-line spectrum. For
the former, we assumed an electron density, determined from the
[S 1] A6716/[S 1] A6731 ratio, of 5.3 x 107 cm™> for the modelling
of the ratios obtained from the redshifted components, and of 1.7 x
103 cm~3 for the blueshifted components. For the latter, the electron
density was taken as a free parameter. For all simulations, the filling
factor, chemical abundances and low-energy cut-offs were taken as
free parameters. All the results are shown in Table 3. In the case
of the lower ionization emission lines, the simulated values were
all compatible with the observed ones, at the 1o or 20 levels. In
the case of the coronal emission lines, all the simulated emission-
line ratios are compatible with the observed values up to the 3o
level. The distances between the AGN and the emitting clouds
determined in the modellings of the lower ionization emission-line
ratios, obtained from the redshifted and blueshifted Gaussian fits
(3.2 x 10% and 6.3 x 10" cm, respectively), are considerably
higher than the corresponding distance obtained in the modelling
of the coronal emission-line ratios (2.5 x 10 ¥ cm). On the other
hand, the electron density determined in the modelling of the coronal
emission-line ratios (3.2 x 10 3 cm™3) is higher than the electron
densities obtained for modellings of the lower ionization lines
represented by the redshifted and blueshifted Gaussian functions.
One should also note that the low energy cut-off obtained with
the modelling of the coronal emission-line ratios was 0 eV, while
the values of such a parameter resulting from the modelling of
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Table 4. Parameters obtained from the modelling of the ‘broad’ and
‘very broad’ components of the Ha emission line in Region 1. The radii
uncertainties do not consider the uncertainty of the galaxy distance.

Parameters Broad component Very broad component
FWHM (km s~!) 1092 £ 6 Ha =3044 £5
Inclination (°) 25+8 20+ 7

Radius (pc) 0.62 + 0.07 0.047 T018

0 Gauss (10> kms™1) 4.60 +0.10 13.0+ 1.0

the redshifted and blueshifted components of the lower ionization
emission lines (63 and 50 eV, respectively) were considerably higher.
These results clearly indicate that the coronal emission lines and the
lower ionization lines are emitted in very different regions. This topic
will be discussed in further detail in Section 7.

4.3 The broad H « and H 8 components

As explained in Section 4.1, the best fit of the broad H o emission
line in the spectrum of Region 1 was obtained by using a sum
of two Gaussians with different FWHMs, which we called ‘broad
component’ and ‘very broad component’ (see Table 4 for the values
of FWHM). However, the H 8 emission line presented only one broad
component, which has the same FWHM of the H « broad component.

The difference of the FWHM values of the two broad components
in Ho suggests that they are emitted in different regions around
the central supermassive black hole (SMBH). In order to obtain the
physical parameters of these regions, we applied a simple toy model
(similar to the one used in da Silva, Steiner & Menezes 2017) to
reproduce the profile of the broad H « in the spectrum of Region 1.

In the model applied here, we assumed that each one of the
two broad components is emitted by a circular rotating ring-shaped
region, with a specific inclination relative to the line of sight and
located at a specific distance from the central SMBH. We also
assumed that a Gaussian H« emission line, with a certain width,
is emitted by each portion of the rings. The radius (r), inclination
(i) and the width of the Gaussian Ha emission lines (0 Gauss)
emitted from each portion of the rotating rings were considered free
parameters of the model. The mass of the central SMBH was taken
as 1.74 4 0.26 x 10° My, (Onori et al. 2017).

The result of the modelling was determined based on minimum x>
estimation. The uncertainties of the parameters were estimated using
the same approach adopted by De Rosa et al. (2011): we constructed
a histogram for each parameter, taking into account only the cases
with x2 < 1 in the modelling. Then we fitted a Gaussian function to
the histogram and the uncertainty of the parameter was taken as the
standard deviation of the Gaussian. The parameters of the best model,
together with the corresponding uncertainties, are shown in Table 4,
and reveal that the two broad Ha components in the spectrum of
Region 1 are emitted by regions at considerably different distances
from the central SMBH, being the ‘very broad” component closer to
the AGN, and their values of i are compatible, at the 1o level.

5 X-RAY ANALYSIS

In this section, we present the results of the X-ray spectral variability
and the spectral analysis of NGC 7314. The spectral analysis of
the NuSTAR and XMM-Newton data was performed using XSPEC
version 12.12.0 (Arnaud 1996). We included a multiplicative constant
normalisation between FPMA, FPMB, and EPIC-PN to account for
calibration uncertainties.
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5.1 Spectral variability

We analysed four XMM-Newton data sets that were available in the
public archive. In the following, we refer to the data as described
in Table 1. The analysis of the spectral variability was performed
in two steps: the individual and the simultaneous analysis. First, we
performed the individual study of the best-fitting model for each
observation. Since this object was included in the sample of Laha
et al. (2020), we followed their methodology. We selected their best-
fitting model to represent the data. The best-fitting model used was

tbabs x [apec + powerlaw + ztbabs x (zgauss + pexrav)], (@))]

where the tbabs and ztbabs components model the Galactic and
intrinsic fully covering neutral absorption column, respectively. The
Galactic absorption was fixed to the predicted value using the tool
NH within FTOOLS (Dickey & Lockman 1990). The apec component
models any optically thin thermal emission and the power-law
component represents the scattered emission, with a normalisation
of the order of 1 per cent of the nuclear emission (Laha et al. 2020).
In this work, we restrict the values of this parameter to a maximum
value of 1 per cent of the normalisation of the nuclear component.
The emission from the central AGN was modelled with a cut-off
power-law. The reflection was modelled with zgauss (with centroid
energy fixed at E = 6.4 keV) and pexrav, which is an exponentially
cutoff power-law spectrum reflected from neutral material. Since the
pexrav model represents both the reflected and intrinsic emission, we
set the reflection fraction, Ry, as a free parameter and with positive
values. In this way, this model parameter corresponds to the relative
fraction of coronal photons hitting the reflector to those escaping to
infinity. Further, we fixed the high-energy cut-off to 100 keV and o
to 0.01 keV (of the Fe Ko component).

The individual spectral fitting obtained in our analysis is in
agreement with the result obtained by Laha et al. (2020), as can be
seen in Table 5. When comparing the XMM—-Newton observations,
variations in the normalisation of the power-law, spectral index (I")
and the apec normalisation are obtained, while all other parameters,
including the absorption column density in the line of sight, are
constant within the uncertainties.

To avoid degeneracies, produced by small fluctuations in the less
variable parameters, we performed a simultaneous fitting to all the
epochs, allowing only the most variable parameters to vary freely
(Hernandez-Garcia et al. 2013). We started with a model where
all the parameters were linked between epochs. This gave a very
poor fit (x%/d.o.f. = 126659.3/678, where d.o.f. are the degree
of freedom). We, then, untied the normalisation of the power-law,
which resulted in a significant improvement ( § 2 = 180.12, F-test
significance = 1.0 x 1072%°), We further untied the spectral slope I,
which also resulted in a significant improvement (8 Xf: 4.97, F-test
significance = 1.94 x 107'°%) and finally allowed the normalisation
of the apec component to vary independently, which also improved
the fit (8 x2 = 0.07, F-test significance = 1.57 x 107%). Allowing any
additional parameter to vary freely did not improve significantly the
quality of the fit (i.e. none gave an improvement with F-test values
lower than 1073.)

In a period of 12 yr, we found variations in the spectral index
(F) of 0.18 £ 0.02 (XMMZOOI_XMM20|3A and XMM2001_XMM2013B)’ in
the normalisation of the thermal component (apec) of 46 per cent
(comparing XMM>p01—XMM,,,,) and of 43 per cent (comparing
XMM>001—-XMM, .. ), and changes in the normalisation of the power-
law of 53 per cent (XMM>01—XMM,,,,, ) and 62 per cent (comparing
XMM>001—XMM,,,.,.). Intrinsic flux variations in the soft energy
bands (0.5-2.0 keV) of 54 per cent (for XMMyy0,—-XMM,,,,) and
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Table 5. Individual and simultaneous best-fitting models for NGC 7314. The first column shows the short observation ID (see text and Table 1 for more details). The values of apecKT (temperature of the apec

component), apec Norm (normalisation of the apec component), normalisation of the Fe Ko component (Fe Ko Norm), log(Ny), with Ny representing the column density (in cm™2), T (photon index), Normpy,

(power-law normalisation constant), Normgcrpr, (scatter power-law normalisation), reflection fraction (Ry), XZ/d.o.f., and yx

are also presented in the table from columns 2 to 10. In case of the simultaneous fit,

2
v

when the parameters are tied to XMM>p134, we marked it as ‘-* otherwise, it is noted. Soft (0.5-2.0 keV) and hard (2.0-10.0 keV) intrinsic luminosities (in erg s~ 1) for individual and simultaneous fitting are

presented in the last two columns.

log L2.0-10.0

log Lo5-2.0

Ry x2/d.o.f.
(cm™?)

NormgcrpL

Normpy,

apec Norm Fe Ko Norm log (Nn)

apec kT
(keV)

Obs.

(erg s

(erg s

(1074

(1073)

(1074

(1074

Individual fitting

42.34 £ 0.05

42.299:02
41.97 +0.07

1.40

224.98/171
1.

>1.70
0.49
1.67575;
1.00
1.53,%3

>1.74

<1.50
>0.76

>0.57

0.29
169202
8.20 % 0.20

0.04
2.07g,03

0.02
1.925°05

21.90 £0.01
1.87 £0.02

0.17 £0.05
0.14 £ 0.02
0.13 £0.02
0.14 £ 0.04

0.04
l'100.03

0.47 £0.03

0.04
03000

0.01
0.30¢ 5o

0.28 £ 0.01

XMM>o01

0.03
4212505,

0.03
42.045 01

0.11
42315

69
64
57

277.76/174
267.64/173
255.25/172

0.02
21.92002
0.01
21,9039
21.91 £ 0.02

XMMZOI 3A

0.03
41.86 >
42.22 +£0.01

1.

0.01

6.3150s
0.47

14.5440

Simultaneous fitting

2.07 £0.02
1.90 £ 0.01
1.89 £ 0.01

0.04
0.46(03

0.02
0666

XMMZOI 3B
XMM>16

1.

>0.85

0.05
2'010.04

0.04
0'320.03

42.29 £0.02 4234 £0.05

1.264:8 1.78%:2) 1102.08/667 1.65

>0.65

0.13£0.01 2191 £0.01 17.15 £ 0.02
7.98 £0.11
6.47 £ 0.09

0.07
0.79¢ 06

0.05
043003

0.45 £0.02
0.75 £ 0.02

0.30 £ 0.01

XMM>o01

41.96 +£0.04 42.12 £0.02

#
#

XMMZ() 13A

42.04 +0.02
42.31 +£0.02

0.03
41.87003
0.03
4221003

>0.57

XMMZOI 3B
XMM>16

14.44 £0.20 1.02}2¢

0.02
2'010.01
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Figure 7. Simultaneous fit of X-ray spectra of the XMM-Newton obser-
vations (top panel). The best fit is represented by the solid line and the
observations of NGC 7314 is showed with the filled circles. The apec,
Gaussian, and reflection pexrav components for each data set are shown
as dash, dotted, and dashed—dotted lines, respectively. Residuals in units of
data/model (lower panel). The legend contains the date of every observation.
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Figure 8. X-ray intrinsic luminosities calculated for the soft (0.5-2.0 keV,
red circles) and hard (2.0-10.0 keV, blue circles) energies in the simultaneous
fits (Table 5).
62 per cent (for XMM>p0,—XMM,,.,.), and in the hard energy bands
(2.0-10.0 keV) of 40 per cent (for XMM,y0;—XMM,,,,) and 50
per cent (for XMM1—XMM,, ., ) were also obtained.

In addition, this object shows variations in the spectral index (1
per cent), thermal component (4 per cent), and power-law normali-
sation (19 per cent) in six months (XMM,, ,,—XMM,,,..). This implies
an intrinsic flux variation of 19 per cent (18 per cent) at soft (hard)
energies. Over a 3-yr period (XMM,,,,,—XMM>i6), NGC 7314 also
shows variations of 6 per centin the spectral index, 67 per centin the
thermal component, and 45 per cent in the power-law normalisation.
The flux variations on this time-scale were 53 per cent at soft
energies and 46 per cent at hard energies. The variations on the

soft and hard energy bands in these time-scales are shown in Fig. 8.

2013A

5.2 Broadband X-ray spectral analysis

In this section, we combined the XMM-Newton (XMM5y) and
NuSTAR observations, which were taken with a day difference, for the
spectral analysis. We used the same model of the previous section to
fit the data (model 1). This configuration led to a x2 = 1648.47 for
1322 d.o.f. and consistent values of the spectral parameters between
XMM016 and XMMyp16 + NuSTAR. While this model is a good
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representation of the data, we will focus on a model that can explore
different reflector geometries as BORUS (Balokovi¢ et al. 2018).
This model represents the reflection from a torus, calculating the
reprocessed continuum of photons that are propagated through a cold,
neutral, and static medium. We used the geometry that corresponds to
a smooth spherical distribution of neutral gas, with conical cavities
along the polar directions (borus02). The opening angle of the
cavities, as well as the column density and the inclination of the torus,
are free parameters. The reflected spectrum of this torus is calculated
for a cut-off power-law illuminating continuum, where E., I', and
normalisation are free parameters. Therefore, a consistent model
could be obtained by combining borus02 with a cut-off power-
law with parameters tied to those of the borus02 illuminating
source. We modelled the direct coronal emission separately with a
cut-off power-law under a neutral absorber. We recall that 6, = 0
(inclination) and the covering factor (CF) increase away from the
axis of symmetry of the torus. In X-rays, the half-opening angle of
the torus is difficult to restrict, since it may be linked to the covering
factor (see Balokovi¢ et al. 2018 for more details). Therefore, we
fixed this parameter to the value obtained for the BLR (25 deg,
see Section 4.3). Then, the free parameters in this model are the
column density along the line-of-sight, Ny, the covering factor,
CF, the column density of the reflector, log(Ny—_r), the spectral
index of the primary emission, I", the high-energy cut-off, E,, and
normalisation, which is tied to the normalisation of the reflector.

The spectral analysis of the XMM-Newton + NuSTAR data
followed the same components models obtained in the individual
spectral analysis (see Laha et al. 2020 for more detail). The spectral
fit was made in three steps. First, the spectrum was fitted with the
simplest model:

Cxtbabs x [borus02 + ztbabs x (cutoffpl)]. 2)
Then we fitted the data with two models:

Cxtbabs x [apec + borus02 + ztbabs x (cutoffpl)] 3)

and

Cxtbabs x [powerlaw + borus02 + ztbabs x (cutoffpl)]. “4)

We checked that the addition of either component made a signifi-
cant improvement compared to the simpler model, according to the
F-test, and selected the model with the lowest x> (model 3). Finally,
we tested the more complex model:

Cxtbabs x [apec 4 power law + borus02 + ztbabs x (cutoffpl)5)

which did not show a significant improvement compared to the
simpler model. Then, the data are well fitted with the model labelled
with the number 3.

Note that C represents the cross-calibration constant between
different instruments, Ng,; is the Galactic absorption (tbabs in XSPEC)
predicted using Ny tool within FTOOLS (Dickey & Lockman 1990).
The absorbing column density will be called Ny (zthabs in XSPEC)
and it is assumed to cover the nuclear component (cPL). apec
represents the optically thin thermal component acting in the soft
band. Moreover, cutoffpl is a cut-off power-law (cutoffpl in XSPEC)
representing the primary X-ray emission and ‘borus02’ represents
the torus reflection model.

The best-fitting model is shown in Fig. 9 and it is statistically
acceptable with x? = 1616.37 for 1323 d.o.f. and no clear structure in
the residuals. The best-fitting values for the parameters can be found
in Table 6. The best representation of the data requires a thermal
component and a scattered power-law to explain the observations.
Our model allowed us to put constrains on the column density
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Figure 9. Upper panel: Best fit of the borus02 model (solid line) to the
NuSTAR-FPMA/B and XMM-Newton pn spectra of NGC 7314 (filled circles).
The apec, power-law, and reflection (modeled with borus02) components
for each data set are shown as dashed—dotted, dashed, and dotted lines,
respectively. Lower panel: Residuals in terms of data-to-model ratio.

Table 6. Parameters resulting from the modelling with borus02. I" rep-
resents the photon index and E¢y the high energy cut-off (in keV). The
parameters, log (Ng_tor) and CF are the torus column density (in cm2)
and the covering factor, respectively. The column density along the line of
sight (in cm™2), the temperature of the apec component (in keV) and the
normalisation of such a component are represented by log (Ny), apec kT and
apec Norm, respectively. Ca/xapn and Cpyxpprare the normalisation constants
between the instruments (NuSTAR-FPMA with NuSTAR-FPMB and XMM—
Newton, respectively). This table also contains the values of x2/d.o.f. (the x2,
together with the number of degrees of freedom), and Xf (the reduced x2).

Parameter Value

r 190993
Ecu (keV) 69.87314
log (NH_Tor) (cm™2) 25.1199¢
CF 0.93 +0.01
log (N) (cm™2) 21.88 £ 0.01
apec KT (keV) 0.26 £ 0.01
apec Norm (10%) 1.17 £ 0.04
Cam 1.033}056
Camun 10621087
x*/d.o.f. 1616.37/1323
x2 1.22

of the torus-like reflector, consistent with a Compton-thick torus
(log(Np_1or) = 25.118:82 cm™2), covering ~ 93 per cent of the sky.
Note that the Compton thick limit is Ny = 1.5 x 10** cm™2.

6 GAS KINEMATICS

From the GMOS gas data cube, we can study the gas kinematics in the
nuclear region of NGC 7314 by making images along the emission-
line profile (channel maps) and estimating its velocities. In this case,
since the main emission lines present the same pattern of kinematics,
we chose the [O111] A5007 emission line to do the channel maps
(Fig. 10), as this emission line is not blended with others and has a
high A/N. The channel maps show a structure, probably associated
with an outflow, with blueshift velocities (—470 km s~!), south-west
and very close to the AGN. One can notice that the structure that we
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identified as probably being the walls of the ionization cone have low
velocities, as expected, confirming this hypothesis. Another possible
outflow, maybe related to the other ionization cone, can be seen in
the channel with 249 km s~ !, east of the AGN. We can also detect
ionized gas with higher redshift velocities closer to the AGN as well,
also directed to the south-west direction.

Another way of analysing the gas kinematics is by making velocity
maps of emission lines (Fig. 11). In this case, we also chose the
[O 1] A5007 emission line for the same reasons presented before.
We fitted the [O 111] 25007 emission line in each spectrum of the data
cube with a Gaussian function. Such a procedure resulted in a value
of the gas radial velocity (Vg) and of the gas velocity dispersion
(0 gas) for each spectrum of the data cube. The Vg, and o 4, maps are
shown in Fig. 11. We also tried to use the [N 11] + H « emission lines
for the analysis of the gas kinematics. However, the results were not
sufficiently reliable to be included in this work due to the degen-
eracy resulting from the fits of these lines with sums of Gaussian
functions (with an additional Gaussian representing the broad H o
component).

The Vg map (Fig. 11a) shows that there is a possible low
velocity gas rotation around the nucleus. The gas in the north-west
has blueshifted velocities and the gas at south-east predominantly
redshifted velocities. We can also see two points with a probably
different kinematic phenomenon: one, with redshifted velocities, east
of the nucleus and the other, with blueshifted velocities, west of the
nucleus. The o 4, map (Fig. 11b) reveals that these two points present
higher o4, values. These results are consistent with the presence
of outflows of gas. The oy, map also shows that the walls of the
ionization cone have low values of gas velocity dispersion.

As we identified previously in Section 3, there is a structure
similar to a spiral coming from the outer region of the galaxy (see
Fig. 6b) towards the nucleus. Such structure is positioned at south-
east/south of the nucleus. Based on its position we can affirm that it
is composed of predominantly gas with redshifted velocities. Due to
its morphology and velocities we are suggesting that this structure
might be part of a feeding mechanism of the AGN.

Regarding the molecular gas kinematics (Fig. 12), as said previ-
ously, it happens perpendicular to the hypothesised ionization cone
axis. We can see that there is a possible rotation of gas at north—south
direction. Its morphology also suggests a connection with the outer
spiral (see channels with v = —7 km s™' and v = 7 km s~!). This
connection can also be seen when we look at the RGB image of
the CO(3—2) emission (see Fig. 13). The red and blue colours show
essentially a very symmetric disposition of gas, which is a good
argument for a gas rotation around the nucleus. However, the gas
with velocities close to zero in the line of sight has a morphology
that connects to the outer spiral (together with part of the redshifted
gas as well).

7 DISCUSSION

The analysis of the GMOS/IFU data cube and of the HST, ALMA,
NuSTAR, and XMM-Newton data of the central region of NGC 7314
revealed a variety of phenomena in the surroundings of the central
SMBH. In this section, all the information presented so far will be
discussed in order to make a better understanding of the complex
nuclear region of this galaxy.

7.1 The AGN emission

The emission-line ratios of Region 1 (Table 3) clearly indicate that
the nuclear emission of this galaxy is typical of a Seyfert. Due
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Figure 10. Channel maps of the [O 1] 25007 emission line. Each channel is a image of 3 A along the emission-line profile. The crosses represent the centre of
each emitting region delimited in Fig. 2. The velocities were obtained relative to the rest wavelength of the emission line.
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Figure 11. Panel (a): velocity map of the [O I1I] A5007 emission line and its curve extracted along the vertical axis. Panel (b): gas velocity dispersion map and
its curve extracted along the vertical axis. The crosses represent the centre of the regions delimited in Fig. 2, and its size represents the 3o uncertainty.

to the presence of broad Ha and H S components (Fig. Al and
Section 4.3), we conclude that the most appropriate classification
for the nuclear emission of NGC 7314 is a type 1 AGN. This is
consistent with the findings of previous spectroscopic analyses of
this object (e.g. Stauffer 1982; Morris & Ward 1985; Veron-Cetty &

Veron 1986; Kirhakos & Steiner 1990; Knake et al. 1991; Schulz
et al. 1994). There are also many studies that classify this galaxy as
a type 2 or 1.9 AGN (e.g. Filippenko 1983; Whittle 1992; Winkler
1992; Nagao et al. 2000; Trippe et al. 2010), which could be a
consequence of lower values of the signal-to-noise (S/N) ratio in
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Figure 12. Channel maps of the CO(3—2) emission from the ALMA data cube. Each channel is an image of 11.7 MHz along the emission-line profile. The
red cross represents the estimated position of the AGN, which was assumed to be the kinematic centre of the CO(3—2) emission. The black and green crosses
represent the centre of regions 2 and 3, respectively. Their size does not represent the uncertainty due to the small size of the pixel. The velocities were calculated

relative to the kinematic centre.
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Figure 13. RGB composition of the CO(3—2) emission line from ALMA.
The cross represents the estimated position of the AGN, which we assumed
to be the kinematic centre of this emission. The interval of velocities are
19-60 km s~! for the red image, —8—6 km s~! for the green image, and
—22-63 km s~ for the blue image.

the spectra analysed in these previous works. An interesting fact is
that we found what we called a ‘very broad component’ in the H «
emission line (FWHM = 3044 & 5 km™') that was not detected
in H B profile. That may indicate that there is a difference in the
emitting region of those lines or that the S/N of our observations is
not high enough to detect the broader emission in H .
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Since this galaxy is also known by its variability, we cannot discard
the hypothesis that all those differences in classifications of type 1
to 2 are actually a consequence of NGC 7314 being part of a class of
objects usually called ‘changing-look AGNs’. This group includes
AGNs whose emission line profiles undergo significant changes,
which makes the classifications of such nuclei change from type 1
to type 2 or vice versa (see e.g. Yang et al. 2018 and references
therein). The physical mechanisms responsible for that are still
not totally understood. The first proposed mechanism involves a
variable obscuration towards the BLR due to the movement of a
torus with a clumpy structure. The second mechanism assumes a
variable accretion rate for the AGN (Penston & Perez 1984; Elitzur,
Ho & Trump 2014). Finally, the third mechanism proposes a tidal
disruption event of a star by a SMBH (Eracleous et al. 1995; Merloni
et al. 2015; Blanchard et al. 2017). The individual and simultaneous
fittings of the X-ray spectra of NGC 7314 reveal the variability of
the AGN (Fig. 7), without significant changes in the values of Ny
towards the nucleus (Table 5). A similar result was obtained by Laha
et al. (2020). That would be consistent with the second, and possibly
with the third, mechanism mentioned above, both involving changes
in the accretion rate of the AGN. On the other hand, Ebrero et al.
(2011) detected a variation of the column density values (Nyg) of
the neutral absorber together with the variation of the detected flux
values, Ny being higher when lower flux values were observed. This
suggests that the first mechanism may also be adequate to explain,
at least in certain epochs, the observed variations. Considering all of
that, we conclude that the three mechanisms explained above may
be applicable for NGC 7314, with changes in accretion rate and also
changes of Ny (due to the movements of obscuring clouds in front
of the source) occurring simultaneously or at different epochs.
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It is worth mentioning that the H column density provided
by the fitting of the X-ray spectra with the borus02 model
(log(Ny) = 21.88 £ 0.01) is equivalent to an optical extinction of
Ay =3.43 £ 0.16, based on the relation between Ay and Ny given by
Giiver & Ozel (2009). Such an optical extinction is consistent with
the value obtained from the H w/H g ratio (of narrow components)
of the spectrum of Region 1 (Ay = 3.3 £ 0.7).

7.2 The dusty torus

According to the Unified Model (Antonucci 1993; Urry & Padovani
1995), the radiation that ionizes the gas in the ionization cone
around an AGN is collimated by an obscuring torus, around the
BLR. The X-ray spectral fitting, using the borus02 reflection
model, described in Section 5.2, provided the inclination, the column
density and the covering factor for the torus-like reflector. Regarding
the inclination, it is difficult to restrict the value of this parameter
in the X-rays, then we tied it to the value obtained with the
modelling of BLR emitting the two broad components of Ha (25
deg, see Section 4.3). The X-ray spectra provided a large column
density for the dusty torus (log (Ng.tor) ~ 25.11 cm~2), consistent
with a Compton thick torus covering a large fraction of the sky
(~ 93 per cent). This material can certainly collimate the AGN
emission, originating the observed ionization cone, west of the
nucleus. The ratio Ha/H S(broad) = 9.3 & 0.6 (after the correction
of the interstellar extinction, described in Section 4.1) implies an
optical extinction of Ay = 3.44 4 0.20 within the BLR. The extended
structure in the CO(3—2) map obtained with ALMA (Fig. 5), which
is nearly perpendicular to the axis of the detected ionization cone,
may be an extension of the inner obscuring torus. The ALMA
data of NGC 7314 were analysed in detail by Garcia-Burillo et
al. (2021). The authors establish that the emitting CO structure is
nearly perpendicular to the [O111] A5007 emission. The authors also
obtained an inclination of 55 deg for the molecular structure, which
is not compatible with the value we obtained from the modelling of
the BLR. Therefore, if the CO emission comes from an extension of
the inner torus, then one possible explanation is that the torus and
such an extended structure are not aligned.

A number of previous works have proposed that the obscuring tori
in AGNs have a clumpy structure, instead of a continuous distribution
of matter (Nenkova et al. 2008a,b; Elitzur 2012). Ebrero et al. (2011)
analysed XMM-Newton, ASCA, and Suzaku X-ray data of NGC 7314
and proposed a model in which the line of sight ‘grazes’ the clumpy
torus. The movement of gas clouds, passing in front of the inner
source, could result in the observed AGN variability. Ebrero et al.
(2011) also detected ionized absorbers with the XMM-Newton data,
probably located within the obscuring torus. It should be noted,
however, as said previously, that Ebrero et al. (2011) detected a
variation of the column density values (Ny). On the other hand, in
this work, we do not see that variability. It is also worth mentioning
that, as can be seen in Fig. 8, the X-ray flux varies intrinsically by a
factor of 2 between observations. The implication of this variability
is that the absorbed power-law that makes up almost all the X-ray
emission must be nuclear, as extended emission cannot vary by such
large amounts. Therefore the constant absorption observed in this
work is acting on a very nuclear region. Considering all of that, we
conclude that, although the variability detected in the NGC 7314 X-
ray observations, analysed by Ebrero et al. (2011), could be explained
by the hypothesis involving the movement of gas clouds along the
line of sight, such a hypothesis is not consistent with the specific ob-
servations analysed here. Alternative scenarios, involving variations
in the accretion rate (as mentioned in Section 7.2), are more adequate.

A closer look at NGC 7314 nucleus 1307

7.3 The circumnuclear emission

The morphology of the line-emitting areas in the circumnuclear
region of NGC 7314 (Fig. 5) points out to the presence of an
ionization cone, with the western side being the most prominent
one. The [O 1] 25007 image shows what appears to be the walls of
that structure. Such a hypothesis is supported by the velocity map in
Fig. 11(a) and by the [O 111] A5007 channel maps (Fig. 10). They show
low velocity values at those regions. When we look at the HST images
in Fig. 6, we notice that there is a dust structure and obscuration east
of the nucleus. We believe that this obscuration is responsible for the
non-detection of the counter cone, which would be located east of the
nucleus. We also identified a possible structure (better seen in Fig. 6b)
that has a morphology similar to a spiral arm that comes from the
outer regions of the galaxy and is connected to the nucleus. The gas
velocity map and the RGB of the CO(3—2) emission line (Figs 11a
and 13) show, based on the position of this structure (south/south-
east), that its velocity is predominantly redshifted and that there is a
connection towards the nucleus with lower velocity values. Although
we cannot confirm the detection of this possible inner spiral arm in
this galaxy, these results suggest that, if the structure is real, it may
be associated with the feeding of the AGN.

Besides the nuclear region, we also analysed two other emitting
regions and delimited their positions and areas based on images of
the Ho and [Fe vii] A6087 emission lines (Fig. 2). Both regions are
highly affected by the central AGN and show emission characteristic
of Seyferts, according to their emission-line ratios (Table 3), with
lower ionization degrees when compared with Region 1, as expected.
We believe that those regions are part of the NLR of the AGN.

The Gaussian decomposition of the [N 1] + H « emission lines in
the spectra of regions 2 and 3 revealed a possible faint broad H « line
(which is shown in cyan in Figs A2 and A3). That is very unusual,
as such a broad component is emitted by the BLR (very close to the
AGN) and, due to the limited spatial resolution, it is normally detected
only at the position of the nucleus. Although we cannot confirm the
presence of this broad H « line, due to its very low amplitude (but still
higher than 30), this topic deserves some discussion. Since Region 3
is located in the area corresponding to the observed ionization cone
and Region 2 is in the area where the counter cone would be located
(affected by the interstellar extinction), one possible explanation for
the detection of this extended broad He is that the emission from
the BLR is being collimated by the obscuring torus and scattered
towards us. A similar scenario was proposed for the central region of
the galaxy M104, based also on GMOS/IFU observations (Menezes
et al. 2013). In the specific case of NGC 7314, we cannot confirm
whether the possible scattering of the BLR emission is being caused
by free electrons, dust, or molecules.

7.4 Coronal line emission

One of the most relevant aspects of the GMOS/IFU data cube of
NGC 7314 is its rich coronal emission line spectrum, with prominent
[Fe vii] A 5721, 6087, [Fe X] 6373, and [Ar X] A5536 emission lines.
The [Fe vi] A6087 line was detected not only at the nucleus, but also
in Region 3. Such an extended emission had not been reported, so
far, in previous studies of this galaxy. As shown in Table 3, the
photoionization modelling revealed that the emission-line spectrum
of Region 2 (associated with both the blueshifted and redshifted
Gaussian components) and the redshifted Gaussian components of
the emission-line spectrum of Region 3 can be well reproduced
assuming the radiation emitted by the central AGN as the only
input excitation mechanism. In contrast, the blueshifted Gaussian
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components of the emission lines in Region 3 could not be repro-
duced assuming that same mechanism. Therefore, we suggest that
photoionization by the central AGN is not the most likely mechanism
to explain the blueshifted Gaussian components of the emission lines
in the spectrum of Region 3. Another possible mechanism could be
shock heating, which will be discussed in Section 7.6.

In the case of Region 1, the modelling assuming the
ionization/excitation by the central AGN as the only mechanism was
able to reproduce all the observed emission-line ratios. However, the
results indicate that the CLs are emitted by gas much closer to the
central AGN (~0.8 pc) than that responsible for the lower ionization
lines (~20 pc for the blueshifted components and 104 pc for the
redshifted components). This result is in agreement with the work
of Prieto et al. (2022) who found that the coronal lines, in particular,
[Fe vi] and [SiVI], are emitted preferentially up to a few parsecs
away from the central source. A similar scenario was drawn from
observations of NGC 3783 (Gravity Collaboration 2021), where a
direct measurement of the size of the nuclear coronal line region
(CLR), as traced by the [Ca viiI] line, was carried out. The authors
found a size of 0.4 pc, fully in line with the expectation of the CLR
located between the BLR and the narrow line region. It is also worth
mentioning that the low energy cut-off obtained with the modelling of
the coronal lines in the spectrum of Region 1 was 0 eV, indicating no
significant interstellar extinction between the AGN and the emitting
clouds. That is consistent with the lower distances from the central
source obtained for the emitting clouds of the CLs (in comparison
with the distances of the emitting clouds of the lower ionization
lines).

7.5 Gas kinematics

The analysis of the gas kinematics reveals not only a low velocity
rotation around the nucleus (Figs 10, 11a, 12 and 13), with gas
in blueshift at north/north-west and gas in redshift at south/south-
east, but also possibly the presence of outflows. In particular, the
0 gas map (Fig. 11b) indicates two compact regions, with high o g4
values, possibly associated with gas outflows. This interpretation is
consistent with the fact that both regions are located in the areas
corresponding to the probable ionization cones around the central
AGN, and non-keplerian phenomena such as outflows are actually
expected to occur along the ionization cones. The CO(3—2) channel
maps (Fig. 12) show a possible rotation of molecular gas (also seen in
the RGB composite image in Fig. 13), perpendicular to the ionization
cone axis, and evidence of blueshifted outflows, coincident with
the blueshifted outflow observed in the [O 1] A5007 channel maps
(Fig. 10) and kinematic maps (Figs 11a,b).

As mentioned previously, we also see the kinematics of a region
that appears to be a spiral arm connected to the nucleus coming
from the outer region of the galaxy. In the RGB composite image
of CO(3—2), we see that this spiral comes from the outer parts in
redshift (south) and when gets closer to the nucleus its edge located
towards west has low velocities (see Fig. 13). If that was a feedback
from the AGN, we would see high-velocity values closer to the AGN.
This suggests that such a structure may be associated with the feeding
process of the AGN.

7.6 Shock heating

The redshifted and blueshifted Gaussian components used in the
fit of the emission lines in regions 2 and 3, respectively, actually
represent asymmetries in its profiles. This suggests that a possible
physical mechanism, capable of reproducing these components,
is shock heating by outflows coming from the central AGN. In
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order to evaluate if such a scenario is plausible, we retrieved the
values of the emission-line ratios resulting from pure shock-heating
models from the Mappings III library (Allen et al. 2008). Only
the emission-line ratios corresponding to models with electronic
densities and shock velocities consistent with the parameters in
regions 2 and 3 were retrieved. We verified that the observed values of
the [NTI] 16584/H o, [STI] A(6716 4 6731)/H v, and [O 1] A6300/H o
emission-line ratios are reproduced by the models. On the other
hand, the observed values of the [O1] A5007/H B ratio are not
consistent with those provided by the models. Considering this, we
conclude that pure shock-heating models cannot reproduce all the
observed properties corresponding to the redshifted and blueshifted
Gaussian components in the spectra of regions 2 and 3, respectively.
It is plausible, however, that these properties may be reproduced
by models involving the combined effect of photoionization by a
central source and shock heating from outflows, although such a
detailed modelling is beyond the scope of this paper.

8 CONCLUSIONS

In this work, we present a detailed analysis of the nuclear emission
of NGC 7314, using optical data from GMOS/IFU and HST, X-ray
data from NuSTAR and XMM-Newton, and radio data from ALMA.
We analysed the emission-line spectra, the morphology of the line-
emitting regions, and the spectral variability. Here, are the main
conclusions:

(1) The optical nuclear spectrum of NGC 7314 presents a Seyfert-
like emission with broad components of Ho and H . This charac-
terises the source as a type 1 AGN.

(ii) The fact that our classification for the nuclear emission-line
spectrum of NGC 7314 (as a type 1 Seyfert) does not agree with
those of some previous studies suggests that NGC 7314 may be a
changing-look AGN. The movement of individual gas clouds through
our line of sight could explain the observed variability, as proposed by
previous studies. On the other hand, the non-detection of variations
in the column density values in this work suggests that different
mechanisms, related to changes in the AGN accretion rate, may
explain the variability of the AGN.

(iii) We have detected, by observing the spatial morphology of the
[On1] A5007 line, an arched structure, west of the nucleus, suggesting
ionization cone walls. Such a hypothesis is sustained by the fact that
these regions have low velocities. The other ionization cone, east of
the nucleus, is obscured by dust clouds, as seen in the HST image.

(iv) The image of the molecular CO(3—2) emission line, obtained
from the ALMA data cube, reveals a structure nearly perpendicular
to the ionization cone axis. There is also evidence of molecular gas
rotation around the nucleus and blueshifted outflow in the direction
of the ionization cone. The pattern of the molecular gas rotation is
consistent with that detected in ionized gas, using the GMOS/IFU
data cube.

(v) The fitting of the X-ray spectra revealed that the obscuring
torus has a column density consistent with that of a Compton-thick
AGN (Np.1or = 1.3 X 10% cm™2), although this AGN is not Compton-
thick, as our line of sight only passes through the border of the torus.

(vi) Two other emitting regions were identified, whose projected
distances from the nucleus are 1.03 & 0.05 and 1.68 % 0.05 arcsec.
Such regions are highly affected by the nuclear emission. They
present high gas velocity dispersion and are located in the two
possible ionization cones. They also present low amplitude Ho
broad components, which can be explained by scattering of the BLR
emission (collimated by the obscuring torus) towards the line of sight
by dust, molecules, or free electrons.
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(vii) NGC 7314 nuclear emission has a very rich coronal emission-
line spectrum. The modelling with the CLOUDY software revealed that
the coronal line-emitting region is closer (0.8 pc) to the AGN than
the emitting regions of lower ionization lines (20 and 104 pc).

(viii) We detected a structure similar to a spiral connecting the
nucleus to outer regions of the galaxy. This structure comes towards
the nucleus with redshifted velocities at south and low velocities
closer to the nucleus, as seen in the CO(3—2) RGB. That suggests a
feeding process of the nucleus.

(ix) A6087 emission was detected outside of the nuclear region,
with a projected distance equal to 4 x 10?° cm. Such an emission
could be explained in a scenario involving photoionization + shocks
mechanisms.
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APPENDIX A: EMISSION-LINES GAUSSIAN
FITS

In this section, we present the images of the Gaussian decomposition
that were made in order to calculate the emission-line ratios, the
CLOUDY model comparison and the toy model for the analysis of the

broad components. The decompositions were made for the spectra
of the three regions: the fitting for Region 1 is shown in Fig. Al,

the fitting of Region 2 is shown in Fig. A2 and the fitting of the
emission lines of Region 3 is shown in Fig. A3. Table Al shows the
central wavelength of the redshifted and blueshifted components of
the Gaussian decompositions of each region.
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Figure Al. Gaussian fittings on the main emission lines of the spectrum of Region 1 (see Fig. 2a). The black squares represent the observed emission, the
green line represents the total fit. The narrow components were decomposed in two Gaussian fits: a blueshifted and a redshifted component, represented by the
colours blue and red, respectively. The broad component of Ha emission line was decomposed in two Gaussian fits: one cyan and one orange, and the H
broad component was decomposed in only one cyan Gaussian fit. All the plotted wavelengths are in the rest frame.
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Figure A2. Gaussian fittings on the main emission lines of the spectrum of Region 2 (see Fig. 2a). The black squares represent the observed emission, the green
curve represents the total fit. The narrow components were decomposed in two Gaussian fits: one blue and one red, representing the blueshifted and redshifted
components, respectively. The broad component of H« emission line is represented by the cyan curve. All the plotted wavelengths are in the rest frame. The
third panel shows the region of [Fe viI] A6087 emission line. There is no detection of this emission in the spectrum of Region 2. The grey line represents just the
connection between the points of observation.
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Figure A3. Gaussian fittings on the main emission lines of the spectrum of Region 3 (see Fig. 2a). The black squares represent the observed emission, the green
line represents the total fit. The narrow components were decomposed in two Gaussian fits: one blue and one red, representing the blueshifted and redshifted
components, respectively. The broad component of H « emission line is represented by the cyan curve. All the plotted wavelengths are in the rest frame.
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Table Al. Central wavelength of the redshifted and blueshifted components of the Gaussian decompositions
applied on the spectra of regions 1, 2, and 3.

Emission Region 1 Region 2 Region 3

Lines Blueshifted Redshifted Blueshifted Redshifted Blueshifted Redshifted
Hp 4859.8 4860.8 4860.5 4861.8 4860.2 4861.2
[O 1] A5007 5005.2 5006.3 5005.9 5008.3 5005.7 5006.7
[O1] 26300 6298.3 6299.6 6299.2 6302.2 6298.9 6300.2
Ha 6560.7 6562.1 6561.7 6564.8 6561.4 6562.7
[N11] 16584 6581.3 6582.8 6582.3 6585.4 6582.0 6583.4
[Su]A6716 6714.3 6715.7 6715.3 6718.4 6715.0 6716.3
[Su]A6731 6728.6 6730.1 6729.7 6732.8 6729.3 6730.7
[Fe vii] A6087 - - 6085.6 6086.8
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