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Abstract

The unified model for Active Galactic Nuclei (AGN) accounts for a variety of observational

differences in terms of viewing geometry alone. However, from the fitting of high spatial res-

olution infrared (IR) data with clumpy torus models, it has been hinted that the immediate

dusty surroundings of Type-1 and 2 Seyfert nuclei might be intrinsically different in terms of

covering factor (torus width and number of clouds). Moreover, these torus covering factors

also showed variations among objects belonging to the same type, in contradiction with

simple unification. Interestingly, these intrinsic differences in Seyfert tori could explain, for

example, the lack of broad optical lines in the polarized spectra of about half of the brightest

Seyfert 2 galaxies. On the other hand, recent IR interferometry studies have revealed that,

in at least four Seyfert galaxies, the mid-IR emission is elongated in the polar direction.

These results are difficult to reconcile with unified models, which claim that the bulk of the

mid-IR emission comes from the torus. In this invited contribution I summarize the latest

results on high angular resolution IR studies of AGN, which constitute a crucial test for

AGN unification. These results include those from the mid-infrared instrument CanariCam

on the 10.4 m Gran Telescopio CANARIAS (GTC), which are starting to be published by

the CanariCam AGN team, Los Piratasa.

ahttps://sites.google.com/site/piratasrelatedpublications/

1 Introduction

Observational evidence in the X-rays and the mid-infrared (MIR) indicates that the strong
continuum source of active galactic nuclei (AGN) must be absorbed by obscuring material
over a wide solid angle (see e.g., [4, 24, 42]). According to the observed spectra of different
AGN types, the obscuring structure has to block the emission of the subparsec-scale broad-
line region (BLR) where the broad lines are produced, but not that of the kiloparsec-scale
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narrow-line region (NLR).

The unified model for active galaxies [5, 50] is based on the existence of a dusty toroidal
structure surrounding the central region of an AGN. This toroidal geometry explains, for
example, the biconical shapes observed in Hubble Space Telescope (HST) imaging of several
AGNs [44, 25, 45] and also imaging and spectropolarimetric observations [4, 33]. Considering
this geometry of the obscuring material, the central engines of Type-1 AGN can be seen
directly, resulting in typical spectra with both narrow and broad emission lines, whereas in
Type-2 AGN the BLR is obscured.

According to MIR interferometry, the dusty torus of Seyfert galaxies is only a few
parsecs across (Router < 10 pc; see [8] and references therein). Because of its small size, even
with 10 m-class telescopes we do not have a direct image of the torus, and we have to rely on
models to reproduce the spectral energy distribution (SED) of Seyfert galaxies to derive the
torus properties.

The infrared (IR) range (and particularly the MIR) is key to set constraints on torus
models, since the reprocessed radiation from the dust in the torus is re-emitted in this range.
However, when comparing the predictions of any torus model with observations, the torus
small-scale emission must be isolated. High angular resolution is then essential to separate
torus emission from stellar emission and star-heated dust in the near-IR (NIR) and MIR,
respectively. Such observations are also crucial for disentangling the relation between nuclear
activity and star formation on scales of tens of parsecs [12].

Seyfert galaxies are ideal laboratories for 1) constraining torus properties by fitting their
nuclear SEDs with models and 2) studying the interplay between nuclear activity and star
formation on nuclear scales thanks to the Polycyclic Aromatic Hydrocarbon (PAH) features
that dominate the MIR spectra of star-forming galaxies. In this contribution I will first
review three observational results that challenge the AGN unification model, and second, I
will summarize the first results based on MIR data from the instrument CanariCam on the
10.4 m Gran Telescopio CANARIAS (GTC), which are helping us to better understand the
connection between nuclear activity and star formation in the local universe.

2 Challenges to simple unification

Although widely accepted by the community and successful in explaining several AGN obser-
vational properties, the unification model is not unchallenged, and in fact, in the last years,
a number of publications seem to argue against simple unification. In this section I will
summarize three of them.

2.1 Differences in torus covering factor

In [37, 38] we fitted the nuclear IR SEDs of 20 nearby Seyfert galaxies using the clumpy
torus models of [31, 32] and a Bayesian approach [6, 7] to derive their torus parameters. The
combination of larger number of clumps and broader tori implies more efficient reprocessors
and higher covering factors than those with lower values of these parameters. Despite the
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Figure 1: Different clumpy tori for different AGN types. The Type-1 torus (left panel) is narrower and it
has lower number of clumps than the Type-2 torus (right panel). Figure adapted from [39].

limited number of galaxies considered, we found that Type-2 tori have larger covering fac-
tors, and therefore are more efficient reprocessors, than those of Type-1. In addition, we find
intermediate values of the orientation of the torus with respect to our line-of-sight, and not
face-on and edge-on tori for Seyfert 1 and 2 galaxies, respectively, as simple unification pre-
dicts. If these findings are confirmed for a statistically significant sample of Seyfert galaxies,
they immediately imply that is not only torus orientation what determines the classification
of an AGN as Type-1 or Type-2, but also the intrinsic properties the torus. It is more likely
to have an AGN classified as a Type-1 if the torus has fewer clumps and it is narrower and
viceversa (see Fig. 1).

2.2 Dust in the polar direction

Torus models predict that the torus emission peaks in the MIR (∼ 20− 30µm; e.g. [31, 32]).
However, recent MIR interferometric observations at subarcsecond resolution revealed that
the bulk of the MIR emission in four Seyfert galaxies is elongated in the polar direction
[35, 18, 19, 49]. This small sample includes one Seyfert 1 (NGC 3783) and three Seyfert 2
galaxies (Circinus, NGC 424 and NGC 1068). According to the observations, 60− 90% of the
nuclear MIR emission (< 10 pc) arises from the polar region, with a strong dependence on
wavelength. The longer the wavelength, the more important the polar component and the
less important the disk component that would be associated with the torus (see left panel of
Fig. 2; [19]). According to [19], the two peaks at ∼ 3 − 5 and ∼20µm observed in the IR
SED of some Seyfert galaxies (see right panel of Fig. 2) would be produced by the small, hot
inner disk and the larger polar components, respectively.

It is noteworthy that this parsec-scale MIR polar emission connects to the extended
polar dust emission found in a large number of AGN on scales of ∼ 10 − 100 pc, also using
MIR observations (e.g. [34, 17]).
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Figure 2: Left panel: Contributions from the polar extended component (red solid line) and compact torus
emission (blue dashed line). The longer the wavelength, the more important the polar component. Right
panel: IR SED of the Seyfert 1 galaxy NGC 3783, showing two peaks at ∼ 3 − 5 and ∼ 20µm, which would
correspond to the polar and torus components respectively. Figures from [19].

2.3 Hidden and non-hidden BLR

The AGN unification model first proposed by [5] stems from the detection of polarized broad
lines in the nucleus of the Seyfert 2 galaxy NGC 1068 [4]. The radiation escapes through
conical beams aligned perpendicularly to the torus, and part of it is scattered towards us,
producing the linearly polarized broad lines observed in the spectrum of NGC 1068. After
this discovery, a search for the polarized broad lines of nearby Seyfert 2 galaxies started,
but to date, only ∼ 40% of the targets that have been observed show a Seyfert 1 polarized
spectrum in the optical [47, 48, 28]. This might imply that either not all Seyfert 2s harbor
a BLR [47, 48, 15] or the nuclear dust distribution is not as simple as the unification model
predicts (e.g. [27, 16]). In a recent work, [21] reported differences between the torus covering
factors of Seyfert 2 galaxies with and without polarized broad lines.

An alternative to the two scenarios described above is the quality of previous spec-
tropolarimetry. There are few spectropolarimetric observations of Seyfert galaxies reported
in the literature, and the overall majority of those observations have relatively low signal-to-
noise (S/N) ratios, because they were obtained with small telescopes (3 − 4 m; e.g. [51, 23]).
Thus, in order to characterize and properly compare the linear polarization properties of
individual Seyfert 2 galaxies, a homogeneous data set of observations obtained with the same
sensitivity and S/N is required. A S/N ∼ 300 in line intensity is the minimum necessary to
detect the linear polarization signal (1 − 5%) typical of Seyfert galaxies [4] at the 3σ level.
With this aim, we have obtained a homogeneous dataset of linearly polarized optical spectra
for a representative flux-limited subsample of 15 Seyfert 2 galaxies for which we have their
torus properties constrained thanks to our previous work [37, 38, 1]. The spectropolarimetric
observations were taken with the instrument FORS2 on the 8 m Very Large Telescope (VLT)
in 2013 April. The sample includes targets previously classified as hidden BLR (HBLR), non-
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Figure 3: Top and bottom panels correspond to the linearly polarized and total flux spectra of the Seyfert
2 galaxy NGC 2110, respectively. Dotted vertical lines correspond to the central position of Hα, Hβ and Hγ.
These three recombination lines clearly show broad pedestals in the polarized flux spectrum, indicating the
presence of a hidden BLR. Figure from [41].

hidden BLR (NHBLR) and others without published spectropolarimetry data but classified
as NHBLR.

From the analysis of our VLT/FORS2 spectropolarimetric observations, we find that
all the galaxies show broad components of the recombination lines (Hα and Hβ in 13 of
the galaxies and only Hα in the other two). Twelve of the galaxies show polarized broad
lines with full-widths at half maximum (FWHM) > 2000 km s−1, typical of Seyfert 1 galaxies
(see Fig. 3), whereas the other three have broad components of FWHM < 2000 km s−1,
still broader than the typical NLR lines (∼ 500 km s−1), but more similar to the intermediate
components of ∼ 1500 km s−1 detected in the NIR spectrum of some Seyfert 2 galaxies (e.g.[30,
36]). These intermediate-width lines are thought to come from a transition region between the
NLR and the BLR. Alternatively, these galaxies could be the obscured counterparts of narrow-
line Seyfert 1 galaxies (NLSy1), whose broad components have typical FWHM < 2000 km s−1,
as measured from their total flux spectra. These results are still preliminary, and they will
be published in [41].

3 First results with GTC/CanariCam

During the last decade, the number of AGN studies has increased significantly as a conse-
quence of the impact that they seem to have on their host galaxies. For example, there is
theoretical and observational evidence for AGN quenching star formation through the so-
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called AGN feedback (see e.g. [14, 43]), although this quenching is not ubiquitous and the
physical scales on which it takes place are not clear yet. Indeed, it is known that star forma-
tion takes place on kpc-scales and down to tens of parsecs from the nuclei of Seyfert galaxies
[10, 9, 22, 3, 12].

Numerical simulations predict a relation with some scatter between the star formation
rates (SFRs) on different galaxy scales (between 10 kpc and 1 pc) and black hole accretion
rates [20]. However, the lack of angular resolution of previous observations prevented a clear
comparison on scales of tens of parsecs. Ground-based MIR observations with 8− 10 m-class
telescopes might then hold the key for disentangling the relation between nuclear activity and
star formation in the nuclear region of Seyfert galaxies. With this aim, we are conducting a
MIR imaging and spectroscopic survey of ∼ 100 local AGN using the instrument CanariCam
(CC; [46]) on the 10.4 m GTC, in La Palma. The data were taken as part of the 100 hours of
guaranteed time observations (coordinator: Packham) and an ESO/GTC large programme
(182.B-2005; P.I: Alonso-Herrero) awarded 180 hours of GTC/CC time. The sample includes
both high-to-intermediate luminosity AGN (PG quasars, radio galaxies and Seyfert galaxies)
and low-luminosity AGN (low-ionization nuclear emission-line regions; LINERs) covering
almost six orders of magnitude in AGN luminosity (see [2] for further details). Publications
to date based on the GTC/CC guaranteed time and ESO/GTC observations include [2, 3,
29, 40, 13, 26]. In the following sections, I will summarize the results presented in [3, 40, 13].

3.1 AGN dilution of the 11.3 µm PAH feature.

Among the galaxies in our survey already observed with GTC/CC, we first selected five
Seyfert galaxies for which there was evidence in the literature of nuclear star formation and
that show extended MIR emission in the CC 8.7µm images (see Fig. 4). We obtained MIR
spectroscopy in the range 7.5 − 13µm for all of them and found extended PAH emission
[3, 40]. The equivalent width (EW) of the 11.3µm PAH feature shows a minimum at the
galaxy nuclei but increases with radial distance, reaching typical star-forming values a few
hundred parsecs away from the AGN nucleus (see left panel of Fig. 5). The small nuclear EWs
are interpreted as due to increased dilution from the AGN continuum rather than destruction
of the PAH molecules, as previously suggested in the literature. We conclude that at least
the carriers of the 11.3µm PAH survive in nuclear environments as close as 10 pc from the
AGN in Seyfert galaxies [3, 12, 40].

In [40] we studied in detail the extended MIR emission of the galaxy Mrk 1066, which is
also included in the sample analysed in [3]. For this galaxy, we subtracted the AGN unresolved
component from the 8 − 13µm GTC/CC spectra of the star-forming knots and the nucleus,
and measured EWs of the 11.3µm PAH feature which are typical of pure starburst galaxies.
Indeed, this EW is larger in the nucleus than in the knots (see right panel of Fig. 5), confirming
that the AGN dilutes the PAH emission, but does not destroy the carriers of 11.3µm PAH.
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Figure 4: GTC/CC Si-2 (λc = 8.7µm) images of the five Seyfert galaxies studied in [3]. Orientation is north
up, east to the left. The contours are in a linear scale with the lowest contour corresponding to the local
background value plus 1.5 standard deviations measured in the image before rotating the images. Hatched
circles represent the angular resolution of the image (FWHM) approximated as a Gaussian function. Figure
adapted from [3].

Figure 5: Left panel: Spatial profiles of Mrk 1066, obtained from GTC/CC spectra, as a function of the
projected distance from the AGN. Stars and filled dots correspond to EW and flux of the 11.3µm PAH feature
respectively, and filled squares to the flux of the local continuum at 11.25µm. Top panel shows the normalized
spectra around the 11.3µm PAH feature at different projected distances. Figure from [3]. Right panel: Spatial
variation of the 11.3µm PAH feature EW before and after subtracting the AGN component (green diamonds
and orange circles, respectively). Figure from [40].
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Figure 6: Left panel: GTC/CC spectrum of NGC 2992 extracted in an aperture radius of 5.2′′ ∼ 900 pc (red
dashed line), GTC/CC nuclear spectrum (green solid line) and spectrum of the extended emission (purple solid
line), obtained by subtracting the nuclear from the extended emission spectrum. Right panel: Spitzer/IRS
spectrum of NGC 2992 (black solid line), best fit (red solid line) and AGN and starburst templates (orange
dot-dashed and blue dashed lines respectively). The GTC/CC nuclear spectrum is shown for comparison
(green thick line). Figures from [13].

3.2 The nuclear and extended IR emission of the Seyfert galaxy NGC 2992.

Another target that has been observed with GTC/CC as part of our ESO/GTC large pro-
gramme is the Seyfert 1.9 galaxy NGC 2992. This nearby AGN is part of the interacting
system Arp 245, together with the star-forming spiral galaxy NGC 2993 and the tidal dwarf
galaxy Arp 245 North. Two bright tidal features connect these three galaxies, suggesting
that the system is in an early stage of the interaction [11].

In [13] we presented subarcsecond resolution MIR imaging and spectroscopic obser-
vations of NGC 2992, obtained with GTC/CC and with Michelle on the 8 m Gemini North
telescope. The imaging data revealed extended emission along the major axis of the galaxy
out to ∼ 3 kpc. By comparing the GTC/CC nuclear MIR spectrum of the galaxy with that of
the extended emission, we concluded that the origin of the latter is dust in the inner galaxy
disk, with some contribution from star formation (see left panel of Fig. 6).

We also studied MIR and far-IR (FIR) imaging data of the interacting system Arp 245
obtained with the Spitzer Space Telescope and the Herschel Space Observatory. We obtained
nuclear MIR and FIR fluxes and compared them with the subarcsecond resolution MIR data,
and concluded that we can only recover the nuclear fluxes at 20 − 25µm, where the AGN
emission dominates. We also decomposed the Spitzer spectrum of NGC 2992, which probes
the inner ∼ 600 pc of the galaxy, in AGN and starburst components. Using this method, we
find that the scaled AGN template coincides in flux and spectral shape with the GTC/CC
nuclear spectrum. This proves the reliability of this technique to estimate the AGN and
starburst fractional contributions in the wavelength range covered by Spitzer (5− 35µm; see
right panel of Fig. 6).
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[33] Packham, C., Young, S., Hough, J. H., Axon, D. J., & Bailey, J. A. 1997, MNRAS, 288, 375

[34] Packham, C., Radomski, J. T., Roche, P. F., et al. 2005, ApJ, 618, L17
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ApJ, 680, L17
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