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We present our recent results about the extended narrow-line region (ENLR) of two
nearby Seyfert 2 galaxies (IC 5063 and NGC7212) obtained by modeling the observed
line profiles and spectra with composite models (photoionization+shocks) in the different
regions surrounding the AGN. Then, we compare the Seyfert 2 ENLRs with the very
extended one recently discovered in the narrow-line Seyfert 1 (NLS1) galaxy Mrk 783.
We have found several evidences of interaction between the ISM of the galaxies and
their radio jets, such as (a) the contribution of shocks in ionizing the high velocity gas,
(b) the complex kinematics showed by the profile of the emission lines, (c) the high
fragmentation of matter, etc. The results suggest that the ENLR of IC 5063 have a hollow
bi-conical shape, with one edge aligned to the galaxy disk, whichmay cause some kind of
dependence on velocity of the ionization parameter. Regarding the Mrk 783 properties, it
is found that the extension of the optical emission is almost twice the size of the radio one
and it seems due to the AGN activity, although there is contamination by star formation
around 12 arcsec from the nucleus. Diagnostic diagrams excluded the contribution of star
formation in IC 5063 and NGC7212, while the shock contribution was used to explain
the spectra emitted by their high velocity gas.

Keywords: active galactic nuclei, Seyfert galaxies, emission lines, extended narrow-line region, IC 5063, NGC7212,

Mrk 783

1. INTRODUCTION

The extended narrow-line region (ENLR) is one of the most intriguing structures which
characterize active galactic nuclei (AGN). Predicted by the unified model (Antonucci and
Miller, 1985; Antonucci, 1993), the ENLR is a region of highly ionized gas which is probably
produced by the ionizing radiation escaping the AGN along the axis of the dusty torus. It
is characterized by strong and narrow optical emission lines, both permitted and forbidden,
similar to those emitted from the narrow-line region (NLR)1, which usually can be traced
up to few kiloparsecs from the nucleus. However, in some cases, the strongest lines (e.g., [O
III]λ5007) can be traced up to ∼20 kpc or more (Mulchaey et al., 1994; Schmitt et al., 2003a).

1We consider the ENLR the natural extension of the NLR over∼1 kpc.
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The ENLR is often characterized by a conical or bi-conical
shape whose apexes are pointing toward the active nucleus. In
these cases it can be referred to as ionization cones. They are
usually observed in nearby Seyfert 2 galaxies, but only a few
tens of them are known and well studied (∼50 at z < 0.05,
Netzer, 2015). ENLRs are also observed in Seyfert 1 galaxies, but
because of the origin of the ionizing radiation, they are expected
to be smaller and halo-like (not conical) (Evans et al., 1993;
Schmitt et al., 2003a,b). Although this is true for most Seyfert
1, some exceptions, such as NGC4151, show a conical ENLR
(Pogge, 1989). Mulchaey et al. (1996), showed that the ENLR
shape is not only determined by the orientation of the AGN,
but it strongly depends on the gas distribution throughout the
galaxy. The ENLR gas is usually considered as the host galaxy gas
ionized by the AGN, but in some objects, e.g., NGC4388 (Ciroi
et al., 2003), Mrk 315 (Ciroi et al., 2005), NGC 7212 (Cracco et al.,
2011), merging with small gas rich galaxies could provide a new
gas supply. The fast outflows observed in several galaxies (e.g.,
Baldwin et al., 1987; Dasyra et al., 2015; Morganti et al., 2015)
could also be an important source of gas.

A peculiar characteristic of the ENLR consists in its complex
kinematics. Emission lines with multiple peaks and asymmetries
are observed in several objects (e.g., Dietrich and Wagner, 1998;
Morganti et al., 2007; Ozaki, 2009; Cracco et al., 2011; Congiu
et al., 2017b) and high resolution images (Schmitt et al., 2003a)
indicate that the gas is concentrated in filaments and cloud
substructures. Mergers and outflows could be responsible for this
kind of kinematics, likewise the interaction between the galaxy
interstellar medium (ISM) and the AGN radio jet. The ionization
cone axis is often aligned with that of the galaxy radio emission
(Wilson and Tsvetanov, 1994; Nagar et al., 1999; Schmitt et al.,
2003a,b) and strong outflows in all the gas phases are observed
near radio hotspots (Morganti et al., 1998, 2007, 2015).

To have a better insight of the ENLR gas properties, we have
studied high resolution spectra of two nearby Seyfert 2 galaxies
with ENLR: IC 5063 and NGC7212 (Congiu et al., 2017b). In
sections 2 and 3 we summarize the main results of that work,
while in section 4 we compare them with the ENLR in Mrk 783,
a narrow-line Seyfert 1 (NLS1) galaxy with a recently discovered
extended radio emission (Congiu et al., 2017a).

2. SAMPLE AND OBSERVATIONS

IC 5063 and NGC7212 , two Seyfert 2 galaxies with well known
ENLR were the targets of our observations. IC 5063 is a lenticular
galaxy (z = 0.01135) characterized by a complex system of dust
lanes, aligned with the major axis of the galaxy and by a very
bright radio source (Morganti et al., 1998). The galaxy shows fast
outflows in all the gas phases, from cold molecular gas to warm
ISM (Morganti et al., 1998, 2007; Tadhunter et al., 2014; Dasyra
et al., 2015; Morganti et al., 2015). Its ENLR was first discovered
by Colina et al. (1991). NGC7212 is a spiral galaxy (z = 0.02663)
interacting with other two galaxies of its group (e.g., Wasilewski,
1981). The ENLR was first discovered in polarized light by Tran
(1995) then Falcke et al. (1998) found an extended NLR also in
non-polarized light. Cracco et al. (2011) confirmed the presence

of ionization cones on both sides of the galaxy. The targets
were observed with the MagE (Magellan echellette) spectrograph
of the Magellan telescopes of Las Campanas Observatory. The
instrument covers the whole optical spectrum (3,100–10,000Å)
with a resolution R ∼8,000 (Marshall et al., 2008). All the data
needed for reduction and calibration process were also acquired.
The data reduction process is described in details in Congiu et al.
(2017b).

3. GAS PROPERTIES AS A FUNCTION OF
VELOCITY

We analyzed the high resolution spectra of the ENLR because
they allow to understand the complex profiles of the emission
lines. Moreover, (see Ozaki, 2009) it is possible to study the
properties of the gas clouds as a function of velocity. Ozaki
(2009) divided the profile of few important emission lines in
velocity bins, according to the peculiarities of the profile, and
he analyzed the gas properties in these bins by means of line
ratios and photo-ionization simulations. We applied his method
to our spectra of IC 5063 and NGC7212 increasing the number
of studied lines, uniforming the width of the velocity bins to 100
km s−1 and reproducing the observed spectra with composite
models2 calculated by the code SUMA (Contini et al., 2002).
We divided the two-dimensional spectra in several regions, to
study the behavior of the gas properties as a function of the
distance from the nucleus. The complete data analysis is shown
in Congiu et al. (2017b). With this method we were able to
produce diagnostic diagrams and several plots of the principal
gas properties as a function of velocity for each examined region.

The analysis of the emission line profiles confirmed that
the kinematics of the analyzed gas is complex and that the
emission lines are often composed by several components which
strongly vary from region to region while the profiles observed
in the same region are mostly constant. The variations in
some cases occur because the physical conditions and the ion
fractional abundances change moving from region to region.
To study the ionization mechanism of the gas we compared
the result of four different diagnostic diagrams. Three of
them are the classical BPT diagrams from Baldwin et al.
(1981) and Veilleux and Osterbrock (1987) (log([O III]/Hβ vs.
log([N II]/Hα), log([S II]/Hα), log([O I]/Hα)) while the last one
is a combination of the previous ratios with [O II]λ3727/[O
III]λ5007, which is able to discern between photo-ionization by a
power-law, star formation or ionization by shocks (1E diagram,
Baldwin et al., 1981). All the diagnostic diagrams show that the
main ionization mechanism of the gas is photo-ionization by the
AGN. There is no substantial contamination by star formation
in any of our spectra. However, the high velocity gas often show
low log([OIII]/Hβ) and high ratios of low ionization lines to
Hα, shifting their points toward the LINER region of the BPT
diagrams and the shock region of the 1E diagram (Figure 6,
Congiu et al., 2017b). This should be interpreted as a strong
contribution of shocks to the ionization of high velocity gas.

2SUMA models consider both photo-ionization and shocks at the same time to
reproduce the line ratios of the analyzed spectrum.

Frontiers in Astronomy and Space Sciences | www.frontiersin.org 2 October 2017 | Volume 4 | Article 27

https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org
https://www.frontiersin.org/journals/astronomy-and-space-sciences#articles


Congiu et al. Extended Narrow-Line Region in Seyfert Galaxies

Shocks are most likely created by the interaction of the AGN jets
with the galaxy ISM. The results of composite models confirm
this hypothesis. The ratios of the low ionization lines to Hβ in
the high velocity bins can be reproduced accurately only adopting
shocks with velocities comparable with the velocity of the gas,
while the spectra of the low velocity bins can be reproduced using
radiation dominated models.

The models also show that a wide range of cloud geometrical
thicknesses is needed to reproduce the spectra. This is the
result of cloud fragmentation in the turbulent regime created
by the shocks which originate from the interaction of the jet
with the ISM. According to Roche et al. (2016), this kind of
interaction should increase the temperature of the gas. Indeed,
this is observed in the nuclear regions of NGC7212, the only
regions of this object in which we were able to measure this
quantity. Using the total flux of the lines, the galaxy show slightly
higher temperatures than expected (∼15,000 K with respect to
the expected 10,000 K; Osterbrock and Ferland, 2006). Adopting
composite models, the temperature is maintained at 10,000–
20,000 K by diffuse secondary radiation (e.g., Figure 10, Contini
et al., 2012) in a large region within the clouds. The temperatures
evaluated in IC 5063 are closer to 10,000 K.

Another interesting result is the behavior of the ionization
parameter U as a function of velocity in IC 5063 (Figure 8,
Congiu et al., 2017b). U (defined as the number of ionizing
photons reaching the cloud per number of electrons in the gas)
is usually used to estimate the ionization degree of the gas. We
measured U for each velocity bin using the Penston et al. (1990)
relation, which links U to the [O II]λ3727/[O III]λ5007 ratio.
U is not expected to depend on the velocity of the gas, in fact
for NGC7212 it can be considered almost constant in all the
velocity bins of the same region. However, for IC 5063 a clear
dependence is noticed, similar to what observed by Ozaki (2009)
in NGC1068. Following his model, a possible explanation could
be the orientation of the ionization cones with respect to the line
of sight. This suggests that the ENLR has a hollow bi-conical
shape with one edge lying on the galactic disk. This part of the
cones is ionized by a partly absorbed flux leading to a lower
ionization degree of the gas with respect to the side of the cone
reached by the unabsorbed continuum.

Finally, by the detailed modeling of the spectra we obtained
the metallicity of the gas. Previous results (e.g., Contini, 2017)
show that most AGN and HII regions can be reproduced with
solar metallicities. However, we tried to reproduce the spectra
with several values of metallicity. The best results for all the
regions and all the bins of the ionization cones could be obtained
using abundances close to the Grevesse and Sauval (1998)
solar ones in agreement with the results previously mentioned.
Comparing our results with those obtained by modeling spectra
observed outside the ionization cone, could be a way to study
the origin of the gas. If a difference in metallicity is detected,
the origin of the ENLR gas might be different from that of the
galaxy.

4. COMPARISON WITH NLS1: MRK 783

The ENLR is often associated with extended radio emission, both
in Seyfert 1 and Seyfert 2 galaxies. An extended radio emission

with very steep in band spectral index was discovered in the
NLS1Mrk 783 (Congiu et al., 2017a). The optical follow-up of the
source (Congiu et al., in preparation) shows an extended optical
emission aligned to the radio axis. The observed spectrum has
a spatial resolution of 0.189 arcsec px−1 and a dispersion of ∼2
Å px−1. Figure 1 shows the radio map of the object and the Hβ

region of the acquired spectrum.
The [O III] and Hβ lines were tracked up to ∼27 arcsec

from the nucleus of the galaxy (Figure 1B), which corresponds
to a projected dimension of ∼35 kpc. This makes this ENLR
one of the most extended discovered so far. Also Hα can be
traced up to the same distance, while none of the other low
ionization lines (e.g., [N II]λλ6548, 6584, [S II]λλ6717, 6731) can
be detected in the most extended emission region (Figure 2, left
panel). Due to the sharp end of the emission at the edge of the slit,
it seems that the ENLR can extend even further. For comparison,
the MagE spectra of IC 5063 and NGC7212 do not cover the
whole extension of the ionization cones, however Morganti et al.
(2007) measured a maximum extension of ∼3.8 kpc in IC 5063
and Cracco et al. (2011) measured ∼4 kpc in NGC7212. An
ENLR with a similar size is observed in NGC5252, which has
a maximum extension of ∼33 kpc (Tadhunter and Tsvetanov,
1989).

It is also worth noting that the optical emission is far more
extended with respect to the radio one and that it is observed only
on the south-east side of the nucleus, while in our other sources
the ionization cones are observed on both sides of the nucleus.
This is probably the consequence of a strong extinction or of a
lack of gas in the north-west side of the nucleus. There is also
a region between the nucleus and the most extended emission,
from ∼12 to ∼ 22 arcsec (∼ 16–28 kpc), where we cannot
trace any emission line. However, we exclude that the extended
emission could belong to another object, because its redshift is
compatible with the rotation curve of the galaxy derived from the
central region of the spectrum. Moreover, both optical and radio
images do not show any close object bright enough to produce
such an emission. The apparent separation is probably due to the
lack of gas in that region of the galaxy. Such kind of structure is
not observed neither in NGC7212 nor in IC 5063. Deep images
with narrow-band filters are needed to understand the complete
morphology of the emission.

An exam of the Hβ region of the spectrum extracted at
27 arcsec from the nucleus (Figure 1C), seems to indicate that
the [O III]/Hβ ratio is higher with respect to what expected
for star forming regions. Therefore, a preliminary diagnostic
diagram (Baldwin et al., 1981; Veilleux and Osterbrock, 1987)
was assembled (Figure 2, right panel) using only the narrow
component of the broad lines (Hα and Hβ) and binning the
spectrum in 3 px bins in the spatial direction to increase the
signal-to-noise ratio (SNR). In some cases we could not measure
some of the emission lines needed to the plot (typically Hβ and
[N II]), so we estimated an upper limit for their flux using the rms
of the continuum and the FWHM of the [O III] line. We used
Kewley et al. (2006) relation to discern the ionization mechanism
of the gas. The diagram in Figure 2 (right panel) shows that
most of the extended emission is photo-ionized by the AGN,
particularly the most extended part, while closer to the nucleus
there might be contamination by star formation.

Frontiers in Astronomy and Space Sciences | www.frontiersin.org 3 October 2017 | Volume 4 | Article 27

https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org
https://www.frontiersin.org/journals/astronomy-and-space-sciences#articles


Congiu et al. Extended Narrow-Line Region in Seyfert Galaxies

FIGURE 1 | From left to right: (A) SDSS g-band image of Mrk 783 with the contours of the emission at 5GHz. The contours are 3, 6, 12, 24, 48, 96, and 192× σ

(σ = 11µJy beam−1). The beam size is 0.45× 0.40 arcsec and the scale is 1.3 kpc arcsec−1. The position of the slit used for the observations with the Magellan
telescope is shown. The galaxy is characterized by a radio emission with a maximum extension of ∼5 arcsec on the south-east side of the nucleus (Congiu et al.,
2017a). (B) A small region of the LDSS3 spectra of Mrk 783 containing three emission lines: Hβ, [O III]λ4959 and [O III]λ5007. The data were acquired with a total
exposure time of 1 h, with a seeing of 0.8 arcsec and the slit oriented as in (A). The spatial resolution is 0.189 arcsec px−1 and the dispersion is ∼ 2Åpx−1 . (C) Plot
of the spectrum in (B) at 27 arcsec from the galactic nucleus.

FIGURE 2 | Left: Hα region of the same spectrum in Figure 1B. Right: Preliminary diagnostic diagram of the ENLR of Mrk 783. The colorbar show the distance of
the bin from the nucleus. The black line dividing the plot in two regions is the relation from Kewley et al. (2006) for extreme starburst. The arrows show the limit derived
where we could not measure all the emission line.

Interestingly, star contamination is excluded in both the
other galaxies presented in this paper. Additional higher quality
observations are needed to study the ENLR in NLS1 in general
and Mrk 783 in details.

5. SUMMARY

We report the main results of our recent work on the ENLR of
nearby AGN. We used high resolution spectra of two nearby

Seyfert 2 galaxies, together with combined models of photo-
ionization and shocks to study the properties of the gas, in
general, and as function of velocity in the different galaxy regions,
in particular. We found several evidences of interaction between
the ISM of the galaxies and their radio jets, such as (a) the
contribution of shocks in ionizing the high velocity gas, (b) the
complex kinematics showed by the profile of the emission lines,
(c) the high fragmentation of matter, etc. The results show that
the ENLR of IC 5063 most likely has a hollow bi-conical shape,
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with one edge aligned with the galaxy disk. This may explain the
velocity dependence of the ionization parameter observed in this
galaxy.

We then compared the ENLR of our two galaxies with the
preliminary results of the analysis of a newly discovered ENLR
in a NLS1 galaxy: Mrk 783. The object shows an extended
optical emission aligned with the radio emission first observed
by Congiu et al. (2017a). The extension of the optical emission is
almost twice the size of the radio emission which seems mainly
due to the AGN activity, even though there is contamination by
star formation around 12 arcsec from the nucleus. While star
contamination was excluded by the diagnostic diagrams both
in IC 5963 and NGC7212 and shock contribution was used to
explain the spectra of high velocity gas, it seems that in Mrk 783
there might be a significant contribution of star formation to the
extended optical emission.

Further detailed observations of ENLRs will be crucial to
investigate the still poorly understood feedback between AGN
and host galaxy, and to understand the effects of relativistic jets
on their surrounding environment.

AUTHOR CONTRIBUTIONS

EC was responsible for most of the data reduction, data analysis
and the text. MC produced all the simulations and contributed
to part of the text. SC and VC contributed to the main idea of
the paper and the data analysis. FD observed all the target with
the Magellan telescopes and with the review of the final text. MB,
MF, GL, and PR contributed with the data reduction and analysis
and with the review of the final text.

ACKNOWLEDGMENTS

This research has made use of the NASA/IPAC Extragalactic
Database (NED) which is operated by the Jet Propulsion
Laboratory, California Institute of Technology, under contract
with the National Aeronautics and Space Administration.
This paper includes data gathered with the 6.5-m Magellan
Telescopes located at Las Campanas Observatory, Chile. This
paper is based on observations collected with the 1.22 m
Galileo telescope of the Asiago Astrophysical Observatory,
operated by the Department of Physics and Astronomy “G.
Galilei” of the University of Padova. Funding for the Sloan
Digital Sky Survey has been provided by the Alfred P. Sloan
Foundation, and the U.S. Department of Energy Office of
Science. The SDSS web site is http://www.sdss.org. SDSS-III
is managed by the Astrophysical Research Consortium for
the Participating Institutions of the SDSS-III Collaboration
including the University of Arizona, the Brazilian Participation
Group, Brookhaven National Laboratory, Carnegie Mellon
University, University of Florida, the French Participation
Group, the German Participation Group, Harvard University,
the Instituto de Astrofisica de Canarias, theMichigan State/Notre
Dame/JINA Participation Group, Johns Hopkins University,
Lawrence Berkeley National Laboratory, Max Planck Institute for
Astrophysics, Max Planck Institute for Extraterrestrial Physics,
New Mexico State University, University of Portsmouth,
Princeton University, the Spanish Participation Group,
University of Tokyo, University of Utah, Vanderbilt University,
University of Virginia, University of Washington, and Yale
University.

REFERENCES

Antonucci, R. (1993). Unified models for active galactic nuclei and quasars. Ann.
Rev. Astron. Astrophys. 31, 473–521. doi: 10.1146/annurev.aa.31.090193.002353

Antonucci, R. R. J., and Miller, J. S. (1985). Spectropolarimetry and the nature of
NGC 1068. Astrophys. J. 297, 621–632. doi: 10.1086/163559

Baldwin, J. A., Phillips, M. M., and Terlevich, R. (1981). Classification parameters
for the emission-line spectra of extragalactic objects. Publ. ASP 93, 5–19.
doi: 10.1086/130766

Baldwin, J. A., Wilson, A. S., and Whittle, M. (1987). Kinematics and ionization of
extended gas in active galaxies. III—The extranuclear properties of NGC 1068.
Astrophys. J. 319, 84–104. doi: 10.1086/165435

Ciroi, S., Afanasiev, V. L., Moiseev, A. V., Botte, V., Di Mille, F., Dodonov,
S. N., et al. (2005). New photometric and spectroscopic observations
of the Seyfert galaxy Mrk 315. Month. Notices RAS 360, 253–271.
doi: 10.1111/j.1365-2966.2005.09031.x

Ciroi, S., Contini, M., Rafanelli, P., and Richter, G. M. (2003). 2-D spectroscopy
and modeling of the biconical ionized gas in NGC 4388. Astron. Astrophys. 400,
859–870. doi: 10.1051/0004-6361:20030008

Colina, L., Sparks, W. B., and Macchetto, F. (1991). IC 5063—A merger
remnant with a hidden luminous active nucleus. Astrophys. J. 370, 102–117.
doi: 10.1086/169795

Congiu, E., Berton, M., Giroletti, M., Antonucci, R., Caccianiga, A., Kharb, P., et
al. (2017a). Kiloparsec-scale emission in the narrow-line Seyfert 1 galaxy Mrk
783. Astron. Astrophys. 603:A32. doi: 10.1051/0004-6361/201730616

Congiu, E., Contini, M., Ciroi, S., Cracco, V., Berton, M., DiMille, F., et al. (2017b).
High resolution spectroscopy of the extended narrow-line region of IC 5063
and NGC 7212. ArXiv e-prints.

Contini, M. (2017). N/O abundance ratios in gamma-ray burst and supernova
host galaxies at z<4. Comparison with AGN, starburst and HII regions. ArXiv
e-prints.

Contini, M., Cracco, V., Ciroi, S., and La Mura, G. (2012). Distribution of the
heavy elements throughout the extended narrow-line region of the Seyfert
galaxy NGC 7212. Astron. Astrophys. 545:A72. doi: 10.1051/0004-6361/2012
19184

Contini, M., Viegas, S. M., and Prieto, M. A. (2002). The signature of high-
velocity gas in the spectra of NGC 4151. Astron. Astrophys. 386, 399–414.
doi: 10.1051/0004-6361:20020245

Cracco, V., Ciroi, S., di Mille, F., Vaona, L., Frassati, A., Smirnova, A. A.,
et al. (2011). The origin of gas in extended narrow-line regions of
nearby Seyfert galaxies—I. NGC 7212. Month. Notices RAS 418, 2630–2641.
doi: 10.1111/j.1365-2966.2011.19654.x

Dasyra, K. M., Bostrom, A. C., Combes, F., and Vlahakis, N. (2015). A radio jet
drives amolecular and atomic gas outflow inmultiple regions within one square
kiloparsec of the nucleus of the nearby galaxy IC5063. Astrophys. J. 815:34.
doi: 10.1088/0004-637X/815/1/34

Dietrich, M., and Wagner, S. J. (1998). Kinematics of the narrow-line region of
NGC 1068. Astron. Astrophys. 338, 405–412.

Evans, I. N., Tsvetanov, Z., Kriss, G. A., Ford, H. C., Caganoff, S., and Koratkar,
A. P. (1993). Hubble space telescope imaging of the narrow-line region of NGC
4151. Astrophys. J. 417:82. doi: 10.1086/173292

Falcke, H., Wilson, A. S., and Simpson, C. (1998). Hubble space telescope and VLA
observations of seyfert 2 galaxies: the relationship between radio ejecta and the
narrow-line region. Astrophys. J. 502, 199–217. doi: 10.1086/305886

Grevesse, N., and Sauval, A. J. (1998). Standard solar composition. Space Sci. Rev.
85, 161–174. doi: 10.1023/A:1005161325181

Frontiers in Astronomy and Space Sciences | www.frontiersin.org 5 October 2017 | Volume 4 | Article 27

http://www.sdss.org
https://doi.org/10.1146/annurev.aa.31.090193.002353
https://doi.org/10.1086/163559
https://doi.org/10.1086/130766
https://doi.org/10.1086/165435
https://doi.org/10.1111/j.1365-2966.2005.09031.x
https://doi.org/10.1051/0004-6361:20030008
https://doi.org/10.1086/169795
https://doi.org/10.1051/0004-6361/201730616
https://doi.org/10.1051/0004-6361/201219184
https://doi.org/10.1051/0004-6361:20020245
https://doi.org/10.1111/j.1365-2966.2011.19654.x
https://doi.org/10.1088/0004-637X/815/1/34
https://doi.org/10.1086/173292
https://doi.org/10.1086/305886
https://doi.org/10.1023/A:1005161325181
https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org
https://www.frontiersin.org/journals/astronomy-and-space-sciences#articles


Congiu et al. Extended Narrow-Line Region in Seyfert Galaxies

Kewley, L. J., Groves, B., Kauffmann, G., andHeckman, T. (2006). The host galaxies
and classification of active galactic nuclei. Month. Notices RAS 372, 961–976.
doi: 10.1111/j.1365-2966.2006.10859.x

Marshall, J. L., Burles, S., Thompson, I. B., Shectman, S. A., and Bigelow,
B. C., Burley, G. et al. (2008). “The MagE spectrograph,” in Ground-based

and Airborne Instrumentation for Astronomy II, SPIE conference Proc. 7014,
(Marseille).

Morganti, R., Holt, J., Saripalli, L., Oosterloo, T. A., and Tadhunter, C. N. (2007).
IC 5063: AGN driven outflow of warm and cold gas. Astron. Astrophys. 476,
735–743. doi: 10.1051/0004-6361:20077888

Morganti, R., Oosterloo, T., Oonk, J. B. R., Frieswijk,W., and Tadhunter, C. (2015).
The fast molecular outflow in the Seyfert galaxy IC 5063 as seen by ALMA.
Astron. Astrophys. 580:A1. doi: 10.1051/0004-6361/201525860

Morganti, R., Oosterloo, T., and Tsvetanov, Z. (1998). A radio study of the
seyfert galaxy IC 5063: evidence for fast gas outflow. Astron. J. 115, 915–927.
doi: 10.1086/300236

Mulchaey, J. S., Wilson, A. S., Bower, G. A., Heckman, T. M., Krolik, J. H., and
Miley, G. K. (1994). Hubble space telescope imaging of the Seyfert 2 galaxy
NGC 2110. Astrophys. J. 433, 625–630. doi: 10.1086/174671

Mulchaey, J. S., Wilson, A. S., and Tsvetanov, Z. (1996). An emission-line imaging
survey of early-type seyfert galaxies. II. Implications for unified schemes.
Astrophys. J. 467:197. doi: 10.1086/177595

Nagar, N. M., Wilson, A. S., Mulchaey, J. S., and Gallimore, J. F. (1999).
Radio structures of seyfert galaxies. VIII. A distance- and magnitude-limited
sample of early-type galaxies. Astrophys. J. Suppl. 120, 209–245. doi: 10.1086/
313183

Netzer, H. (2015). Revisiting the unified model of active galactic nuclei. Ann. Rev.
Astron. Astrophys. 53, 365–408. doi: 10.1146/annurev-astro-082214-122302

Osterbrock, D. E., and Ferland, G. J. (2006). “Astrophysics of gaseous nebulae and
active galactic nuclei,” in Astrophysics of Gaseous Nebulae and Active Galactic

Nuclei, 2nd Edn., eds D. E. Osterbrock and G. J. Ferland. (Sausalito, CA:
University Science Books). Available online at: http://adsabs.harvard.edu/abs/
2006agna.book.....O

Ozaki, S. (2009). Kinematic and excitation structure of the NGC 1068 narrow-line
region. Publ. ASJ 61:259. doi: 10.1093/pasj/61.2.259

Penston, M. V., Robinson, A., Alloin, D., Appenzeller, I., Aretxaga, I., Axon, D. J.,
et al. (1990). The extended narrow line region of NGC 4151. I - Emission line
ratios and their implications. Astron. Astrophys. 236, 53–62.

Pogge, R. W. (1989). The circumnuclear environment of nearby, noninteracting
Seyfert galaxies. Astrophys. J. 345, 730–751. doi: 10.1086/167945

Roche, N., Humphrey, A., Lagos, P., Papaderos, P., Silva, M., Cardoso, L. S. M.,
et al. (2016). MUSE three-dimensional spectroscopy and kinematics of the
gigahertz peaked spectrum radio galaxy PKS 1934-63: interaction, recently
triggered active galactic nucleus and star formation. Month. Notices RAS 459,
4259–4280. doi: 10.1093/mnras/stw765

Schmitt, H. R., Donley, J. L., Antonucci, R. R. J., Hutchings, J. B., and Kinney, A. L.
(2003a). A hubble space telescope survey of extended [O III] λ5007 emission
in a far-infrared selected sample of seyfert galaxies: observations. Astrophys. J.
Suppl. 148, 327–352. doi: 10.1086/377440

Schmitt, H. R., Donley, J. L., Antonucci, R. R. J., Hutchings, J. B., Kinney, A. L.,
and Pringle, J. E. (2003b). A hubble space telescope survey of extended [O III]
λ5007 Å emission in a far-infrared-selected sample of seyfert galaxies: results.
Astrophys. J. 597, 768–779. doi: 10.1086/381224

Tadhunter, C., Morganti, R., Rose, M., Oonk, J. B. R., and Oosterloo, T. (2014). Jet
acceleration of the fast molecular outflows in the Seyfert galaxy IC 5063.Nature
511, 440–443. doi: 10.1038/nature13520

Tadhunter, C., and Tsvetanov, Z. (1989). Anisotropic ionizing radiation in
NGC5252. Nature 341, 422–424. doi: 10.1038/341422a0

Tran, H. D. (1995). The nature of seyfert 2 galaxies with obscured broad-line
regions. II. Individual objects. Astrophys. J. 440:578. doi: 10.1086/175297

Veilleux, S., and Osterbrock, D. E. (1987). Spectral classification of emission-line
galaxies. Astrophys. J. Suppl. 63, 295–310. doi: 10.1086/191166

Wasilewski, A. J. (1981). A new Seyfert galaxy with asymmetric forbidden-line
profiles in an interacting system. Publ. ASP 93, 560–563. doi: 10.1086/130887

Wilson, A. S., and Tsvetanov, Z. I. (1994). Ionization cones and radio ejecta in
active galaxies. Astron. J. 107, 1227–1234. doi: 10.1086/116935

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

The reviewer, AN, and handling Editor declared their shared affiliation.

Copyright © 2017 Congiu, Contini, Ciroi, Cracco, Di Mille, Berton, Frezzato, La

Mura and Rafanelli. This is an open-access article distributed under the terms

of the Creative Commons Attribution License (CC BY). The use, distribution or

reproduction in other forums is permitted, provided the original author(s) or licensor

are credited and that the original publication in this journal is cited, in accordance

with accepted academic practice. No use, distribution or reproduction is permitted

which does not comply with these terms.

Frontiers in Astronomy and Space Sciences | www.frontiersin.org 6 October 2017 | Volume 4 | Article 27

https://doi.org/10.1111/j.1365-2966.2006.10859.x
https://doi.org/10.1051/0004-6361:20077888
https://doi.org/10.1051/0004-6361/201525860
https://doi.org/10.1086/300236
https://doi.org/10.1086/174671
https://doi.org/10.1086/177595
https://doi.org/10.1086/313183
https://doi.org/10.1146/annurev-astro-082214-122302
http://adsabs.harvard.edu/abs/2006agna.book.....O
http://adsabs.harvard.edu/abs/2006agna.book.....O
https://doi.org/10.1093/pasj/61.2.259
https://doi.org/10.1086/167945
https://doi.org/10.1093/mnras/stw765
https://doi.org/10.1086/377440
https://doi.org/10.1086/381224
https://doi.org/10.1038/nature13520
https://doi.org/10.1038/341422a0
https://doi.org/10.1086/175297
https://doi.org/10.1086/191166
https://doi.org/10.1086/130887
https://doi.org/10.1086/116935
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/astronomy-and-space-sciences
https://www.frontiersin.org
https://www.frontiersin.org/journals/astronomy-and-space-sciences#articles

	Extended Narrow-Line Region in Seyfert Galaxies
	1. Introduction
	2. Sample and Observations
	3. Gas Properties As A function of Velocity
	4. Comparison with NLS1: Mrk 783
	5. Summary
	Author Contributions
	Acknowledgments
	References


