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Abstract. Compact obscured nuclei (CONs) are relatively common in the centers of local
(U)LIRGs, yet their nature remains unknown. Both AGN activity and extreme nuclear star-
bursts have been suggested as plausible nuclear power sources. The prevalence of outflows in
these systems suggest that CONs represent a key phase in the nuclear feedback cycle, in which
material is ejected from the central regions of the galaxy. Here, we present results from MUSE
for the confirmed local CON galaxy NGC4418. For the first time we spatially map the spectral
features and kinematics of the galaxy in the optical, revealing several previously unknown struc-
tures. In particular, we discover a bilateral outflow along the minor axis, an outflowing bubble,
several knot structures and a receding outflow partially obscured by the galactic disk. Based on
the properties of these features, we conclude that the CON in NGC4418 is most likely powered
by an AGN.
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1. Introduction

Compact obscured nuclei (CONs) exist in 20-40% of nearby (ultra-) luminous infrared
galaxies (ULIRGs) and are primarily characterized by their extreme nuclear column
densities, nH2 >1025 cm−2. This extreme attenuation renders them almost invisible at
mid-IR, optical and X-ray wavelengths, which, along with their compact size (<∼100 pc),
makes CONs notoriously difficult to find. To date, the only method by which these objects
can be identified is via a rare transition of vibrationally excited HCN, ν2 = 1f (HCN-
VIB), which traces hot dust at high column densities (Aalto et al. 2015). Although only
a handful of CONs have been confirmed, all known CONs show signatures of a past gas-
rich merger and evidence for molecular outflows in HCN and/or CO. The prevalence of
outflows in CONs is consistent with a heavily obscured phase in which remnant material is
being ejected from the center of the galaxy. CONs are therefore critical in understanding
the role of nuclear feedback in galaxy evolution, yet their nature and what powers their
outflows remains unknown.

© The Author(s), 2024. Published by Cambridge University Press on behalf of International Astronomical

Union. This is an Open Access article, distributed under the terms of the Creative Commons Attribution

licence (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted re-use, distribution and

reproduction, provided the original article is properly cited.

https://doi.org/10.1017/S1743921323002922 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921323002922
https://orcid.org/0000-0002-7135-2842
mailto:wethers@chalmers.se
http://creativecommons.org/licenses/by/4.0/
http://crossmark.crossref.org/dialog?doi=https://doi.org/10.1017/S1743921323002922&domain=pdf
https://doi.org/10.1017/S1743921323002922


Features of the CON Galaxy NGC4418 31

On the one hand, CONs may denote an extreme nuclear nascent starburst deeply
embedded in dust. While this scenario would explain the unusual FIR and radio prop-
erties of CONs (e.g. Yun et al. 2001; Roussel et al. 2003), these starbursts are rare,
and several studies have argued that dust could not obscure an extended starburst
to the extent required to explain the deep absorption features observed in CONs
(e.g. Roche et al. 1986; Spoon et al. 2001). This has led to the idea that CONs may instead
denote a class of hidden active galactic nuclei (AGN). In such a scenario, the heavy nuclear
attenuation likely arise following a rapid accretion event such as a merger or galaxy-galaxy
interaction (e.g. Kocevski et al. 2015; Ricci et al. 2017; Boettcher et al. 2020). The like-
lihood of such interaction events have been shown to increase with (U)LIRG luminosity
(Sanders & Mirabel 1996), meaning if CONs are associated with rapid gas inflow they
too should preferentially exist in more luminous systems. One of the key pieces of evi-
dence to support the AGN scenario is therefore the increased CON fraction in ULIRGs
(1011 <LIR >1012 L�; ∼40 per cent) compared to LIRGs (LIR >1011 L�; ∼20 per cent).
Directly distinguishing between the starburst and hidden AGN models of CONs is

challenging as many of the traditional AGN signatures in the spectra are completely
erased by the extreme nuclear attenuation. We therefore rely on indirect tracers of AGN
and/or starburst activity to discover what powers CONs and in turn what role they play
in the coevolution of galaxies and their central super-massive black holes (SMBHs).

2. Overview

We present the first results from Wethers et al. in prep., based on new targeted obser-
vations from the Multi-Unit Spectroscopic Explorer (MUSE). The work focuses on the
local CON galaxy NGC4418 (z = 0.00727). Our key results are as follows;

1. An elongation along the minor axis: This structure is present in all of the emission
features (Fig. 1), but is most noticeably traced by the Hβ and [O III] emission. The angle
of the observed elongation is consistent with the minor axis outflow previously observed
in NGC4418 by Ohyama et al. (2019). This outflow was found to extend to northwest
of the galaxy nucleus and was catagorized as a dusty superwind due to its shock-heated
emission lines and enhanced stellar NaD absorption. Unlike the outflow detected by
Ohyama et al. (2019) however, we find the elongation to extend in both directions from
the galaxy nucleus. Kinematic measurements (Fig. 2) reveal this structure to be strongly
blueshifted in both directions with a line of sight velocity, vlos >∼ 100 km−1.
2. A shell/ bubble structure: To the north of the nucleus, we detect a bubble-like struc-

ture in the Hβ emission (Fig. 1). The structure itself appears similar to that observed
in the so-called teacup galaxy, J1430+1339, which Gagne et al. (2014) propose to be a
fading AGN candidate.
3. Knots throughout the galaxy: One of the most striking findings of this work is the

presence of tens of knot structures throughout the galaxy, traced by the [O III] emission.
We conclude these structures to be so-called AGN-echos : regions of the galaxy that
have been photoionized by an AGN. This conclusion is drawn primarily from three key
pieces of evidence. i) Comparisons to HST V- (F336SW) and U-band (F555W) imaging
(Gallagher et al. in prep.) reveal no optical counterpart to the knots observed with MUSE.
This counterpart would be expected if the knots were tracing regions of the galaxy ionised
by young stars e.g. stellar clusters or HII regions. ii) Kinematic measurements (Fig. 2)
suggest at least some fraction of the knots are kinematically independent from the disk
rotation of the galaxy. This rules out the possibility that the knots arise from planetary
nebulae and further eliminates the stellar cluster scenario, as both would result in a
similar rotational motion of the knots with the stellar disk of the galaxy. iii) Placing the
knots on a Baldwin, Phillips and Terlevich (BPT) diagram (Fig. 3) reveals the knots to
have higher [O III]/Hβ ratios than both nearby regions of the galaxy and HII regions
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Figure 1. Integrated line maps of the key spectral features in NGC4418 with contour levels
overlaid. Several prominent features of the maps are labelled (1: minor axis elongation, 2: bubble
structure, 3: knots, 4: southern outflow) and are discussed in section 2.

(a) (b) (c)

Figure 2. Moment-1 velocity maps for [O III], Hα and [N II], showing the kinematic structure
of NGC4418. A 3σ signal-to-noise cut and 1σ gaussian smoothing have been applied to improve
the visual output.

(Zhou et al. 2014). All the knots are found to be consistent with ionization from an AGN
and/ or shock heating (Alatalo et al. 2016).
4. A southern outflow: The emission of NGC4418 shows extended emission to the south

of the nucleus (Fig. 1). Kiematic measurements (Fig. 2) show this structure to be red-
shifted with vlos ∼50 kms−1. We therefore postulate that this structure is likely an outflow
orientated behind the galaxy disk.

3. Implications

The detection of multiple outflow structures in NGC4418 is consistent with the galaxy
existing in an early phase of a feedback cycle in which dust is being expelled from the
nuclear region via outflows. Based on the velocity and structure of the observed outflows,
we suggest that it is unlikely that the CON in NGC4418 is powered solely by starburst
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Figure 3. Left: BPT diagram separating ionisation from star formation and AGN. Regions are
defined by the models of Kauffmann et al. (2003) (dotted) and Kewley et al. (2006) (dashed).
Line ratios are measured from integrated aperture spectra (0.4 arcsec radius) centred on the
knots (blue circles) and nearby galaxy regions (yellow squares), and compared to a sample of
HII regions (Zhou et al. 2014). The pink region shows ratios consistent with shock heating
(Alatalo et al. 2016). Right: map of the [O III] line emission with the location of the knots
overlaid.

activity. Furthermore, the knots detected in the [O III] emission are consistent with
having been ionized by an AGN. We therefore conclude that the CON in NGC4418 is
likely undergoing an AGN phase. Further future IFU studies are required to determine
whether this classification holds for the wider CON population, or whether NGC4418 is
unique in this regard. If CONs are indeed powered by AGN, this will double the number
of AGN predicted to exist in the local universe (Maiolino et al. 2003) and thus have
severe implications for our understanding of AGN-galaxy coevolution.
Acknowledgements: CW acknowledges support from the ERC Advanced grant 789410.

References

Aalto, S., Garcia-Burillo, S., Muller, S., et al. 2015, A&A, 574, A85
Alatalo, K., Cales, S. L., Rich, J. A., et al. 2016, ApJ Supplement Series, 224, 38
Boettcher, E., Gallagher III, J. S., Ohyama, Y., et al. 2020, A&A, 637, A17
Gagne, J. P., Crenshaw, D. M., Kraemer, S. B., et al. 2014, ApJ, 792, 72
Kauffmann, G., Heckman, T. M., Tremonti, C., et al. 2003, MNRAS, 346, 1055
Kewley, L. J., Groves, B., Kauffmann, G., & Heckman, T. 2006, MNRAS, 372, 961
Kocevski, D. D., Brightman, M., Nandra, K., et al. 2015, ApJ, 814, 104
Maiolino, R., Comastri, A., Gilli, R., et al. 2003, MNRAS, 344, L59
Ohyama, Y., Sakamoto, K., Aalto, S., & Gallagher III, J. S. 2019, ApJ, 871, 191
Ricci, C., Bauer, F. E., Treister, E., et al. 2017, MNRAS, 468, 1273
Roche, P., Aitken, D., Smith, C., & James, S. 1986, MNRAS, 218, 19P
Roussel, H., Helou, G., Beck, R., et al. 2003, ApJ, 593, 733
Sanders, D. & Mirabel, I. 1996, Annual Review of A&A, 34, 749
Spoon, H., Keane, J., Tielens, A., Lutz, D., & Moorwood, A. 2001, A&A, 365, L353
Yun, M. S., Reddy, N. A., & Condon, J. 2001, ApJ, 554, 803
Zhou, Z.-M., Wu, H., Huang, L., et al. 2014, Research in A&A, 14, 1393

https://doi.org/10.1017/S1743921323002922 Published online by Cambridge University Press

https://doi.org/10.1017/S1743921323002922



