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I. Silicates & clumpiness —  
it’s not the full story



S. F. Hönig et al.: The dusty heart of nearby active galaxies. I.

Fig. 2. VISIR low-resolution spectroscopy (black solid line and gray error bars) and photometry (red filled circles) of eight type 1 AGN. Overplotted
(blue dashed line) are Spitzer data with approximately 10 times less spatial resolution. The hatched areas mark regions with strong sky lines, which
are difficult to calibrate. Prominent mid-IR emission line positions are indicated. The slit position angle (PA) is given in the lower right corner of
each panel.
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Fig. 2. continued.

Fig. 3. VISIR low-resolution spectroscopy (black solid line and gray
error bars) and photometry (red filled circles) of the LINER galaxy
NGC 7213. Overplotted (blue dashed line) are Spitzer data with approx-
imately 10 times less spatial resolution. The hatched areas mark regions
with strong sky lines, which are difficult to calibrate. Prominent mid-IR
emission line positions are indicated. The slit position angle (PA) is
given in the lower right corner.

(e.g. by comparing to the Spitzer data), given that this feature is
generally broader in wavelength and weaker. It has to be pointed
out that the suppression of the PAH emission features is not an
effect of different spectral resolution, but is only caused by the
different spatial resolution and observing techniques.

In Fig. 5 we show examples of IRS minus VISIR differ-
ential spectra of objects with prominent PAH emission in the
IRS spectra, NGC 3227, NGC 5643 and NGC 7469. For that,
the VISIR data were downgraded to the same spectral reso-
lution as IRS (R ∼ 100). The differential spectra were com-
pared to the scaled-down version of the IRS spectrum of M 82

(blue-dashed line), which is often used as an extragalactic star-
formation template. The match for all three sources is reason-
ably good, especially for NGC 7469. Thus we conclude that the
differential spectra from spatial regions between ∼0.′′3−3′′ are
predominantly showing star-formation emission in the contin-
uum and lines.

The main differences of spectra taken with Spitzer and
VISIR are spatial resolution and observing technique. Because
our spatial resolution is about a factor of 10 better than the
IRS data, the emission regions producing the PAH features can
simply be located at scales between 0.′′3 and 3′′. On the other
hand, only in few cases individual star-forming regions are actu-
ally seen in the VISIR images, and images of these cases were
recently shown by Horst et al. (2009). The most notable exam-
ple is NGC 7469 with its well-known star-burst ring at about 2′′
from the nucleus. When integrating over a 0.′′75 × 3′′ aperture,
we recovered part of the IRS spectrum. The remaining “miss-
ing flux” probably originates from extended emission outside
the VISIR aperture or from the host galaxy projected onto the
nucleus. Because VISIR uses the chopping/nodding technique,
any extended host galaxy emission at scales beyond the chop
throw will be eliminated from the data or, at least, significantly
reduced. As a result, the nuclear point source flux is free of con-
taminating emission from the host galaxy, even if part of the host
emission falls onto the nucleus.

Still, most of the PAH emission in Spitzer is supposed to
come from the vicinity of the AGN. Because we selected galax-
ies with only moderate inclination, projection effects should
play a minor role. Consequently we see a significant reduction
of the PAH emission from scales of 1 kpc down to <100 pc.
What is the reason for the suppression of the PAH emission fea-
tures? The PAH dust grains are prone to photo-destruction by
high-energetic photons as emitted by an AGN or in its vicin-
ity (e.g. from hot thermal plasma). Therefore it is quite plau-
sible that they become less abundant at smaller distances from
the AGN. On the other hand, a lack of PAH emission can
also point to reduced or no star-formation activity. While it is
not possible to distinguish between both effects only from the
PAH emission, the reduction of PAH emission features from IRS
to VISIR goes along with a reduction in continuum flux in our
spectra. If the only reason for suppressed PAH emission were
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Fig. 3. VISIR low-resolution spectroscopy (black solid line and gray
error bars) and photometry (red filled circles) of the LINER galaxy
NGC 7213. Overplotted (blue dashed line) are Spitzer data with approx-
imately 10 times less spatial resolution. The hatched areas mark regions
with strong sky lines, which are difficult to calibrate. Prominent mid-IR
emission line positions are indicated. The slit position angle (PA) is
given in the lower right corner.

(e.g. by comparing to the Spitzer data), given that this feature is
generally broader in wavelength and weaker. It has to be pointed
out that the suppression of the PAH emission features is not an
effect of different spectral resolution, but is only caused by the
different spatial resolution and observing techniques.

In Fig. 5 we show examples of IRS minus VISIR differ-
ential spectra of objects with prominent PAH emission in the
IRS spectra, NGC 3227, NGC 5643 and NGC 7469. For that,
the VISIR data were downgraded to the same spectral reso-
lution as IRS (R ∼ 100). The differential spectra were com-
pared to the scaled-down version of the IRS spectrum of M 82

(blue-dashed line), which is often used as an extragalactic star-
formation template. The match for all three sources is reason-
ably good, especially for NGC 7469. Thus we conclude that the
differential spectra from spatial regions between ∼0.′′3−3′′ are
predominantly showing star-formation emission in the contin-
uum and lines.

The main differences of spectra taken with Spitzer and
VISIR are spatial resolution and observing technique. Because
our spatial resolution is about a factor of 10 better than the
IRS data, the emission regions producing the PAH features can
simply be located at scales between 0.′′3 and 3′′. On the other
hand, only in few cases individual star-forming regions are actu-
ally seen in the VISIR images, and images of these cases were
recently shown by Horst et al. (2009). The most notable exam-
ple is NGC 7469 with its well-known star-burst ring at about 2′′
from the nucleus. When integrating over a 0.′′75 × 3′′ aperture,
we recovered part of the IRS spectrum. The remaining “miss-
ing flux” probably originates from extended emission outside
the VISIR aperture or from the host galaxy projected onto the
nucleus. Because VISIR uses the chopping/nodding technique,
any extended host galaxy emission at scales beyond the chop
throw will be eliminated from the data or, at least, significantly
reduced. As a result, the nuclear point source flux is free of con-
taminating emission from the host galaxy, even if part of the host
emission falls onto the nucleus.

Still, most of the PAH emission in Spitzer is supposed to
come from the vicinity of the AGN. Because we selected galax-
ies with only moderate inclination, projection effects should
play a minor role. Consequently we see a significant reduction
of the PAH emission from scales of 1 kpc down to <100 pc.
What is the reason for the suppression of the PAH emission fea-
tures? The PAH dust grains are prone to photo-destruction by
high-energetic photons as emitted by an AGN or in its vicin-
ity (e.g. from hot thermal plasma). Therefore it is quite plau-
sible that they become less abundant at smaller distances from
the AGN. On the other hand, a lack of PAH emission can
also point to reduced or no star-formation activity. While it is
not possible to distinguish between both effects only from the
PAH emission, the reduction of PAH emission features from IRS
to VISIR goes along with a reduction in continuum flux in our
spectra. If the only reason for suppressed PAH emission were
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I. Silicates & clumpiness
S. F. Hönig et al.: The dusty heart of nearby active galaxies. I.

Fig. 4. VISIR low-resolution spectroscopy (black solid line and gray error bars) and photometry (red filled circles) of ten type 2 AGN. Overplotted
(blue dashed line) are Spitzer data with approximately 10 times less spatial resolution. The hatched areas mark regions with strong sky lines, which
are difficult to calibrate. Prominent mid-IR emission line positions are indicated. The slit position angle (PA) is given in the lower right corner of
each panel.
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Fig. 4. continued.

photo-destruction of the associated grains, we expect that the
continuum level remains roughly constant. Thus we conclude
that the dominating effect of suppressed PAH emission is an ac-
tual decrease in star-formation activity at smaller distances from
the AGN.

4.3. The N-band silicate feature in AGN at high spatial
resolution

Silicate absorption and emission features are the most evident
spectral signatures in the N-band. One of the surprising discov-
eries of Spitzer was based on observations of silicate emission
features in type 1 AGN. The features were much weaker than
expected from early torus modeling (e.g. Pier & Krolik 1993;
Granato & Danese 1994; Efstathiou & Rowan-Robinson 1995).
The same also holds for silicate features in absorption as seen
in type 2 AGN, although very deep features are sometimes seen
in ULIRGs or type 2 AGN, where the host galaxy presumably
contributes by a large fraction to the obscuration (e.g. Levenson
et al. 2007; Polletta et al. 2008; Martinez-Sansigre et al. 2009).

Because the Spitzer data have a spatial resolution of several arc-
seconds in the N-band, it was not clear initially to what de-
gree the weakness of the silicate features was a resolution effect.
Recent ground-based mid-IR spectroscopy of single objects at
high spatial resolution suggested however that even at a resolu-
tion better than 1′′ silicate absorption and emission features were
moderate (e.g. Roche et al. 2007; Mason et al. 2009). Here we
present a much larger sample of type 1 and type 2 AGN observed
at sub-arcsecond resolution so that the silicate feature character-
istics can be studied more systematically (see Sect. 5.3).

Figure 2 illustrates that most type 1 AGN exhibit a rather
weak emission feature, if we can detect any at all. A small bump
in the continuum can be seen somewhere between 9 µm and
12 µm e.g. in NGC 3783 and MCG–6–30–15. The other features
are only revealed when plotting log νFν or fitting the continuum
(see Sect. 5.3) and some seem to be absorption rather than emis-
sion features (e.g. NGC 3227). The strongest silicate emission
feature is displayed by the weak or LINER AGN NGC 7213
(Fig. 3). Based on the spatial resolution of our data of <100 pc
in all objects except MARK 509, we conclude that the weakness
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• clumpiness alters emission characteristics  
 
       → hot/cold faces exposed, view through holes  

• mostly modelled in extreme/unstable configurations  

• “gospel” says: 
            clumpiness suppresses silicate features

Krolik & Begelman 1986

I. Silicates & clumpiness



I. Silicates & clumpiness

• clumpy models do also overpredict silicate emission features

Garcia-Gonzalez et al. 2017



II. Hot & cool dust — not quite the ISM



II. Hot dust is predominantly graphite

• inner radius of torus scales with L1/2  (as expected from dust) 
• absolute sizes are smaller than expected from ISM by factor ~3 
• emissivity + sizes: large graphite grains

Kishimoto et al. 2011a

expected
KI sizes

RM sizes



• mid-IR emissivities are quite high
• hints of large grain predominance?

Kishimoto et al. 2011

II. Mid-IR dust emissivities
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II. Mid-IR may not trace the torus/disk
N. López-Gonzaga et al.: Mid-infrared interferometry of 23 AGN tori: On the significance of polar-elongated emission

Fig. 4. Best-fit models for elongated objects. For every object, we show
the 12 µm image obtained from our best-fit model using a square root
scale. We add as a reference for the polar axis of the system, when
available, the PA obtained from optical polarimetry (green dashed line)
and from the symmetry axis of the ionization cone (red dotted line).

It has been long realized, however, that such a simple struc-
ture cannot represent the actual distribution of dust. Instead,
the dust must be in a clumpy configuration (e.g., Schartmann
et al. 2008) whose image, as simulated using radiative transfer,
is complex and its reduction to an “elongated Gaussian model”
is not at all obvious. If we also take hydrodynamical e↵ects
into account, even a more or less azimuthal dust configuration
can produce images that are polar elongated (e.g., Fig. 8 of
Schartmann et al. 2009; and Fig. 5 of Schartmann et al. 2014).
In fact, models that produce an infrared emission with a

Fig. 5. Top: comparison between the position angle of the mid-infrared
emission from the parsec-scale structure (PAMIR) and the inferred po-
sition angle of the system polar axis (PApolar) for the elongated ob-
jects. For completeness we also include the marginally elongated object
NGC 4507 (blue triangle), no error bars are determined for this object.
The dashed line represents a one-to-one relation for the position angles.
Bottom: histogram of the di↵erence between the inferred system polar
axis and the mid-infrared position angle obtained using interferometry.
The histogram including the marginally elongated object NGC 4507 is
shown in blue bars, while elongated objects are indicated with black
bars. Only objects with elongations obtained from interferometric data
have been used here.

X-shaped morphologies (e.g., Schartmann et al. 2005) also show
polar extension to the zeroth order. Slight asymmetries in the
density distribution produced by filaments or clouds could then
explain the lack of asymmetry around the polar axis system.
Additional information, such as kinematics, would be needed to
distinguish such a scenario from, for example, a disk wind sce-
nario, which would also produce polar-elongated emission (e.g.,
Wada 2012; Gallagher et al. 2013; Schartmann et al. 2014).

While with infrared images alone we cannot provide a com-
plete panorama about the structure of the torus, our result of the
polar extended emission should serve as a constraint for dusty
models that attempt to provide a description of the dusty en-
vironment in AGNs. Current SED fitting studies do not take
this into account as the SED does not provide any geometrical
information. Further investigation needs to be carried out to see
if derived torus properties, such as covering factors, torus sizes,
and cloud numbers from torus models that reproduce the polar-
like extended emission, are consistent with the current models
used by the community.
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Bottom: histogram of the di↵erence between the inferred system polar
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shown in blue bars, while elongated objects are indicated with black
bars. Only objects with elongations obtained from interferometric data
have been used here.

X-shaped morphologies (e.g., Schartmann et al. 2005) also show
polar extension to the zeroth order. Slight asymmetries in the
density distribution produced by filaments or clouds could then
explain the lack of asymmetry around the polar axis system.
Additional information, such as kinematics, would be needed to
distinguish such a scenario from, for example, a disk wind sce-
nario, which would also produce polar-elongated emission (e.g.,
Wada 2012; Gallagher et al. 2013; Schartmann et al. 2014).

While with infrared images alone we cannot provide a com-
plete panorama about the structure of the torus, our result of the
polar extended emission should serve as a constraint for dusty
models that attempt to provide a description of the dusty en-
vironment in AGNs. Current SED fitting studies do not take
this into account as the SED does not provide any geometrical
information. Further investigation needs to be carried out to see
if derived torus properties, such as covering factors, torus sizes,
and cloud numbers from torus models that reproduce the polar-
like extended emission, are consistent with the current models
used by the community.
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X-shaped morphologies (e.g., Schartmann et al. 2005) also show
polar extension to the zeroth order. Slight asymmetries in the
density distribution produced by filaments or clouds could then
explain the lack of asymmetry around the polar axis system.
Additional information, such as kinematics, would be needed to
distinguish such a scenario from, for example, a disk wind sce-
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While with infrared images alone we cannot provide a com-
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vironment in AGNs. Current SED fitting studies do not take
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and cloud numbers from torus models that reproduce the polar-
like extended emission, are consistent with the current models
used by the community.

A47, page 7 of 11

N. López-Gonzaga et al.: Mid-infrared interferometry of 23 AGN tori: On the significance of polar-elongated emission

Fig. 4. Best-fit models for elongated objects. For every object, we show
the 12 µm image obtained from our best-fit model using a square root
scale. We add as a reference for the polar axis of the system, when
available, the PA obtained from optical polarimetry (green dashed line)
and from the symmetry axis of the ionization cone (red dotted line).

It has been long realized, however, that such a simple struc-
ture cannot represent the actual distribution of dust. Instead,
the dust must be in a clumpy configuration (e.g., Schartmann
et al. 2008) whose image, as simulated using radiative transfer,
is complex and its reduction to an “elongated Gaussian model”
is not at all obvious. If we also take hydrodynamical e↵ects
into account, even a more or less azimuthal dust configuration
can produce images that are polar elongated (e.g., Fig. 8 of
Schartmann et al. 2009; and Fig. 5 of Schartmann et al. 2014).
In fact, models that produce an infrared emission with a

Fig. 5. Top: comparison between the position angle of the mid-infrared
emission from the parsec-scale structure (PAMIR) and the inferred po-
sition angle of the system polar axis (PApolar) for the elongated ob-
jects. For completeness we also include the marginally elongated object
NGC 4507 (blue triangle), no error bars are determined for this object.
The dashed line represents a one-to-one relation for the position angles.
Bottom: histogram of the di↵erence between the inferred system polar
axis and the mid-infrared position angle obtained using interferometry.
The histogram including the marginally elongated object NGC 4507 is
shown in blue bars, while elongated objects are indicated with black
bars. Only objects with elongations obtained from interferometric data
have been used here.
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polar extension to the zeroth order. Slight asymmetries in the
density distribution produced by filaments or clouds could then
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vironment in AGNs. Current SED fitting studies do not take
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X-shaped morphologies (e.g., Schartmann et al. 2005) also show
polar extension to the zeroth order. Slight asymmetries in the
density distribution produced by filaments or clouds could then
explain the lack of asymmetry around the polar axis system.
Additional information, such as kinematics, would be needed to
distinguish such a scenario from, for example, a disk wind sce-
nario, which would also produce polar-elongated emission (e.g.,
Wada 2012; Gallagher et al. 2013; Schartmann et al. 2014).

While with infrared images alone we cannot provide a com-
plete panorama about the structure of the torus, our result of the
polar extended emission should serve as a constraint for dusty
models that attempt to provide a description of the dusty en-
vironment in AGNs. Current SED fitting studies do not take
this into account as the SED does not provide any geometrical
information. Further investigation needs to be carried out to see
if derived torus properties, such as covering factors, torus sizes,
and cloud numbers from torus models that reproduce the polar-
like extended emission, are consistent with the current models
used by the community.
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• often close to cone edge → hollow cone?
• polar component contributes ~40-80% on parsec scales (also James’ poster)

• NB: may be different from 100 pc-scale polar features (→ Ric’s law)

Lopez Gonzaga et al., 2016



• 3-5um bump as seen in other type 1s (see Daniel's talk) + mid-IR bump 
(see also Mor & Netzer 2012) 

• differential dust sublimation increases emissivity

• pc-scale wind silicate-poor as launched from sublimation region  
(e.g. Krolik 2007, Dorodnitsyn+12, Marta's poster & David's talk)

II. Silicate-poor outflows on parsec scales?
II. CAT3D-WIND and NGC 3783

• Simultaneous fit of SEDs and visibilities              
• compact disk + shallow wind seen close to the wind edge 

• low inclination of 30o consistent with NLR kinematics & polarimetry 

• hot dust elongated in equatorial plane consistent with near-IR interferometry

The major motivation for the disk+wind model stems from
IR interferometry of nearby AGNs. Therefore, viability of the
new models rests on the ability to not only reproduce the SEDs
but also the interferometry measurements. In general, it can be
expected that a type 2 AGN seen edge-on will indeed show

elongation toward the polar region in these models. On the
other hand, radiative transfer effects might also produce some
polar emission in obscured AGNs in classical torus models
(e.g., Schartmann et al. 2005, 2008). The more challenging
objects are moderately inclined type 1 AGNs where classical
models would produce an elongated, disk-like structure with
orientation along the disk plane.
NGC3783 can be considered a prototypical inclined type 1

AGN with dominating polar IR emission. It has been
extensively covered with near- and mid-IR interferometry.
Hönig et al. (2013) report simple modeling of 41 VLTI MIDI
observations in the mid-IR and 6 VLTI AMBER measurements
in the near-IR (AMBER data originally from Weigelt
et al. 2012). The IR SED shows the characteristic 3–5 μm
bump with an estimated hot-dust covering factor of about 30%.
The near-to-mid-IR photometric and interferometric data are
best reproduced by two IR-emitting components, characterized
by two perpendicular elongated structures, with the polar-
oriented dominating in the mid-IR. The mid-IR emission is
very elongated with a major-to-minor axis ratio of ∼3:1, which
is challenging to achieve in classical torus models for an
unobscured type 1 AGN at moderate inclinations.
The best SED model fits (see gray contour in Figure 2, right)

were selected to simulate multi-wavelength images, which is
computationally expensive. Interferometric visibilities were
obtained for the model images at 12 μm and compared to the
corresponding interferometric visibilities of NGC3783 (see
Hönig et al. 2013, Figure7). It is immediately found that the
strong elongation seen in NGC3783 disfavors low inclinations
at 0°–15°, as expected. The strongest elongations are seen
either at higher inclination, where the cone is seen from the
side, or when the line-of-sight into the cone is close to its edge.
Stronger polar elongations are found for θw=30° than
for θw=45°.

Figure 2. Observed SED parameter space covered by the grid of CAT3D-WIND models (left) and the classical clumpy torus models of CAT3D (right). Each colored
circle represents one or more model SEDs from the respective model grid. While the position in the grid indicates the spectral indices in the mid-IR, αMIR, and near-to-
mid-IR, αIR covered by the models, the color represents the strength of the silicate feature, τSi, with negative numbers (=blue colors) noting an emission feature and
positive numbers (=red colors) an absorption feature. The dashed black line marks equal spectral indices. Below this line, the near-IR emission is bluer than the mid-
IR, which results in the presence of two distinct emission bumps. The gray contour denotes the model SEDs that are consistent with observations of NGC3783.

Figure 3. Comparison between the observed and model IR SEDs of NGC3783.
The observations are collected from 2MASS (light blue; Weigelt et al. 2012),
ISAAC (dark blue), Spitzer IRS (red line), and IRAC (orange, Hönig et al.
2013). The light gray band shows the range of model SEDs consistent with the
observed IR and mid-IR slopes of NGC3783. In addition, the dark gray line
indicates the model SED for the model used to reproduce the interferometric
observations (see Figure 4).
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Figure 4 shows model visibilities for several position angles
for a representative model with a=−3, aw=−0.5, N0=10,
θw=38°, σθ=10°, and fwd=1.2 seen under an inclination
of i=30°. This orientation and cone shape implied by this
model are in between the suggestions of Müller-Sánchez et al.
(2011) and Fischer et al. (2013), who infer i=60°/θw=30°
and i=15°/θw=45°, respectively. While Fischer et al.
(2013) argue that kinematics disfavor the high-inclination
solution, the strong elongation seen in IR interferometry might
indicate a higher inclination. On the other hand, it is shown
here that a configuration where the line-of-sight is close to the
cone edge produces strong elongations as well.

3.3. Anisotropy of the Mid-IR Emission

An optically thick dusty torus causes significant anisotropy
of the emerging IR emission depending on inclination: more IR
radiation escapes toward low inclinations than toward highly
inclined line-of-sights. However, when taking the intrinsic
X-ray emission as an isotropic tracer for the AGN luminosity, it
has been shown that the mid-IR emission is surprisingly
isotropic (e.g., Lutz et al. 2004; Gandhi et al. 2009; Asmus
et al. 2015), unlike that expected from smooth torus models.
While this small scatter in the mid-IR-to-X-ray luminosity
correlation can be partly explained in the framework of clumpy
torus models, the range of torus parameters leading to low
anisotropy is very restricted, which would imply a physical
mechanism that restricts those parameters (e.g., Hönig
et al. 2011).

In the disk+wind picture, the hollow cone is visible to the
observer at any inclination, naturally leading to low anisotropy
of the mid-IR emission. Quantitatively, the peak of the
luminosity-normalized flux distributions at 12 μm shifts by
about 0.4 dex from 0° to 90°. When considering typical
inclinations of 30° for type 1 AGNs and 75° for type 2s, the

anisotropy is 0.24 dex0.16
0.11

-
+ . This is consistent with estimates

from the relation between X-ray and mid-IR luminosities in
AGNs, finding <0.3 dex (Asmus et al. 2015) and samples
isotropically selected in the radio at ∼0.22 dex (Hönig
et al. 2011).

4. Summary and Conclusions

In this Letter, a new radiative transfer model CAT3D-WIND
is presented to reconcile spatially resolved observations of
AGNs in the IR with model predictions. The model consists of
a geometrically thin disk of optically thick dust clumps and a
hollow cone of putatively outflowing dust clouds. It is
phenomenologically motivated by recent results in IR inter-
ferometry that hint toward such a two-component structure. In
this picture, dust clouds are accreted in the plane of the disk. As
dust partially sublimates near the sublimation radius (leading to
a dearth of silicates), some dust clouds are lifted up by radiation
pressure and flow out into the polar region. Based on a
parameterization of this picture, the following has been found:

1. The new disk+wind models cover a similar parameter
space in terms of mid-IR spectral slope and strength of
the silicate feature as classical clumpy torus models.

2. It is found that the new models are able to explain the
3–5 μm SED bump seen in many type 1 AGNs. This
local emission peak appears from the disk when it has a
more compact distribution of dust clouds than the wind.

3. Many of the disk+wind models do indeed show polar
elongation for inclinations typically associated with both
type 1 and type 2 AGNs. Indeed, a model has been found
to simultaneously reproduce the IR SED and IR
interferometry of the type 1 AGN NGC3783.

4. Exposure of the cone to the observer at all inclinations
naturally results in a low degree of anisotropy of the mid-
IR emission with respect to the inclination or viewing
angle. This is consistent with the observed low scatter of
the mid-IR/X-ray luminosity correlation.

The presented models are radiative transfer models of an
empirical hypothesis. However, the physical mechanisms to
drive the wind are not clear yet. It is possible that a
combination of radiation pressure on the dust and neutral gas,
both from the AGN radiation and from the IR-emitting medium
itself, will play a role. Furthermore, hydrodynamic pressure
close to the sublimation radius may help in launching such a
wind. Work on radiative–hydrodynamical simulations will be
needed to find a physical foundation for the observed polar
structure (e.g., Dorodnitsyn et al. 2012; Wada 2012, 2015;
Chan & Krolik 2016; Dorodnitsyn et al. 2016). The SEDs
presented in this Letter will be made available for download
at http://cat3d.sungrazer.org.

S.F.H. acknowledges support for this work from the
European Research Council Horizon 2020 grant DUST-IN-
THE-WIND (677117). Part of the numerical computations
were done on the Sciama High Performance Compute (HPC)
cluster, which is supported by the ICG, SEPNet, and the
University of Portsmouth. Special thanks go to D. Asmus, P.
Gandhi, C. Ricci, M. Stalevski, and K. Tristram for helpful
discussions.
Software: CAT3D (Hönig & Kishimoto 2010).

Figure 4. Comparison between observed and model 12 μm interferometry of
NGC3783. The different colors note the position angle for each visibility point
with 0° (red) along the polar axis and 90° (violet) parallel to the equatorial
plane. Model parameters are given in the text. The corresponding SED is
highlighted in Figure 3.
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• CAT3D-WIND covers same parameter space as CAT3D… 

• … but opens new SED parameter space: 3-5 μm bump in type 1s

II. A look at SEDs: CAT3D-WIND vs. CAT3D

• Decompose SEDs into 3 components:  
   (1) near-IR to mid-IR slope  
   (2) mid-IR slope;  
   (3) silicate feature optical depth                  

• CAT3D-WIND covers same parameter space as CAT3D 

• opens SED parameter space of the 3-5µm bump in type 1s

The major motivation for the disk+wind model stems from
IR interferometry of nearby AGNs. Therefore, viability of the
new models rests on the ability to not only reproduce the SEDs
but also the interferometry measurements. In general, it can be
expected that a type 2 AGN seen edge-on will indeed show

elongation toward the polar region in these models. On the
other hand, radiative transfer effects might also produce some
polar emission in obscured AGNs in classical torus models
(e.g., Schartmann et al. 2005, 2008). The more challenging
objects are moderately inclined type 1 AGNs where classical
models would produce an elongated, disk-like structure with
orientation along the disk plane.
NGC3783 can be considered a prototypical inclined type 1

AGN with dominating polar IR emission. It has been
extensively covered with near- and mid-IR interferometry.
Hönig et al. (2013) report simple modeling of 41 VLTI MIDI
observations in the mid-IR and 6 VLTI AMBER measurements
in the near-IR (AMBER data originally from Weigelt
et al. 2012). The IR SED shows the characteristic 3–5 μm
bump with an estimated hot-dust covering factor of about 30%.
The near-to-mid-IR photometric and interferometric data are
best reproduced by two IR-emitting components, characterized
by two perpendicular elongated structures, with the polar-
oriented dominating in the mid-IR. The mid-IR emission is
very elongated with a major-to-minor axis ratio of ∼3:1, which
is challenging to achieve in classical torus models for an
unobscured type 1 AGN at moderate inclinations.
The best SED model fits (see gray contour in Figure 2, right)

were selected to simulate multi-wavelength images, which is
computationally expensive. Interferometric visibilities were
obtained for the model images at 12 μm and compared to the
corresponding interferometric visibilities of NGC3783 (see
Hönig et al. 2013, Figure7). It is immediately found that the
strong elongation seen in NGC3783 disfavors low inclinations
at 0°–15°, as expected. The strongest elongations are seen
either at higher inclination, where the cone is seen from the
side, or when the line-of-sight into the cone is close to its edge.
Stronger polar elongations are found for θw=30° than
for θw=45°.

Figure 2. Observed SED parameter space covered by the grid of CAT3D-WIND models (left) and the classical clumpy torus models of CAT3D (right). Each colored
circle represents one or more model SEDs from the respective model grid. While the position in the grid indicates the spectral indices in the mid-IR, αMIR, and near-to-
mid-IR, αIR covered by the models, the color represents the strength of the silicate feature, τSi, with negative numbers (=blue colors) noting an emission feature and
positive numbers (=red colors) an absorption feature. The dashed black line marks equal spectral indices. Below this line, the near-IR emission is bluer than the mid-
IR, which results in the presence of two distinct emission bumps. The gray contour denotes the model SEDs that are consistent with observations of NGC3783.

Figure 3. Comparison between the observed and model IR SEDs of NGC3783.
The observations are collected from 2MASS (light blue; Weigelt et al. 2012),
ISAAC (dark blue), Spitzer IRS (red line), and IRAC (orange, Hönig et al.
2013). The light gray band shows the range of model SEDs consistent with the
observed IR and mid-IR slopes of NGC3783. In addition, the dark gray line
indicates the model SED for the model used to reproduce the interferometric
observations (see Figure 4).
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III. AGN do not destroy (all) PAHs



III. PAHs in ground-based mid-IR spectra

• PAHs weak in AGN nuclear spectra  
      (1) PAH destroyed? 
      (2) PAH emission swamped by AGN continuum?

PAH features within few hundred parsecs of AGN 15

Figure A1. Spectra of the sample extracted within the central aperture with a width of 0.4 arcsec. The position of the 11.3µm PAH
feature is indicated by the dashed line in each plot. The data has been smoothed with a 20-pixel boxcar for display purposes.

Jensen, Hoenig, et al. 2017



III. PAHs in ground-based mid-IR spectraPAH features within few hundred parsecs of AGN 5
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Figure 2. Luminosity of the 11.3 µm PAH feature measured within 0.4 arcsec apertures as a function of physical distance for the 13
AGN in our sample where we detect the feature. Upper limits are shown as downward arrows. Each object is colour coded according to
its intrinsic X-ray luminosity LX listed in Table 2.

Esquej et al. (2014) only provide an upper limit. Our mea-
surement is consistent with this upper limit. For two ob-
jects, NGC 1068 and Mark 509, Esquej et al. (2014) detect
the 11.3µm PAH feature, whereas we are unable to reli-
ably measure a flux. For these two objects, we find that
the contrast between the feature and the underlying contin-
uum in the central aperture is too low for a detection within
our extraction process. For the rest of the objects common
to both studies, detections and non-detections agree. Fig-
ure A1, Figure A2, and Figure A3 in Appendix A show the
spectra extracted inside the central 0.4 arcsec aperture for
all the objects in our sample.

In Appendix B, we show the emitted surface flux of the
11.3µm PAH feature and the underlying continuum for the
13 objects where we detect the feature. For all these ob-
jects, the emitted continuum surface flux – originating from
the unresolved nuclear source – declines more rapidly than
that of the 11.3µm PAH feature. A similar behaviour was
found by Alonso-Herrero et al. (2014) for a few local AGN
observed with the Gran Telescopio CANARIAS CanariCam.
This means that the PAH features are indeed spatially re-
solved, at least marginally. However, this also implies that
the point spread function (PSF) will affect the radial pro-
files of the PAH features and needs to be taken into account
when modelling/interpreting the results. All the extracted
spectra for the 28 objects are made available online3.

3 Will be made available on VizieR upon publication

4 THE LX – rsub CORRELATION

In our data analysis and discussion, we want to assess if the
AGN has any influence on the PAH feature in its vicinity by
searching for evidence that the PAH strength in the nucleus
is (universally) related to that of the AGN. However, our
AGN sample spans a large range in luminosity and distance:
the same angular scale corresponds to a different degree of
incident AGN flux, since both the physical distance from
the AGN and the AGN intrinsic luminosity determine its
strength in each of our extraction windows. The difference
in physical scales (=pc; as shown in Fig. 2) can easily be
accounted for by taking into account the physical distances
from the AGN for each of our extraction windows in each
source. For the differences in incident AGN radiation, we
have to further normalise the extractions windows according
to a scale that accounts for the 1/r2 dilution of radiation.
We thus normalise the emission profile by a scale intrinsic
to the AGN allowing us to directly compare the objects.

Since the PAH features are supposedly originating from
dense molecular and dusty clouds, a convenient choice for
such an intrinsic scale is the dust sublimation radius. Unfor-
tunately, only few of the type 1 objects in our sample have
measured sublimation radii from near-IR interferometry or
reverberation mapping (Glass 1992; Kishimoto et al. 2009,
2011; Koshida et al. 2014). Moreover, the current empirical
relations between AGN optical luminosity and hot dust time
lags are only applicable to type 1 AGN, since type 2s suf-
fer from significant obscuration in the optical. Therefore we
take a different approach and aim at establishing a relation
between an intrinsic AGN luminosity tracer that is unaf-
fected by obscuration and the near-IR time lags. For that
we compile a sample of 11 sources that have both near-IR
time lag measurements and absorption-corrected 2–10 keV

Jensen, Hoenig, et al. 2017

• a bit of a mixed bag, but… 
• … (luminosity) scales do matter!



III. PAHs in ground-based mid-IR spectra

• emission becomes stronger towards the AGN (see also Alonso Herrero+14) 

• a universal slope? → at least partial AGN excitation

8 J. J. Jensen et al.
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Figure 4. Emitted surface flux of the 11.3 µm PAH feature measured within 0.4 arcsec apertures as a function of sublimation radius
for the 13 AGN in our sample where we detect such features. Upper limits are shown as downward arrows. The hashed gray area above
5000 rsub shows where emission associated with star formation starts to become the dominant excitation mechanism for the PAH grains
(see § 5). Each object is colour coded according to its intrinsic X-ray luminosity LX .
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Figure 5. Upper limits for the emitted surface flux of the 11.3µm PAH feature measured within 0.4 arcsec apertures as a function of
sublimation radius (see § 4) for the 15 AGN in our sample where we do not detect the feature. The shaded gray area shows where our
detections fall (see Figure 4) and indicate the detection limit for the 11.3µm PAH feature. Each object is colour coded according to its
intrinsic X-ray luminosity LX .
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Summary

• What we learned…
‣ AGN processes dust composition → not ISM anymore 
‣ hot dust predominantly large graphite grains
‣ mid-IR emitting dust might have deficiency of silicates 
‣ PAHs do survive in the proximity of an AGN → (self-)shielding 

• What will be coming soon (hopefully)…
‣ More complexity: Dust forming around AGN? (Elvis 2000) 
‣ where does the pc polar dust originate from?  

    → radiative hydrodynamics   (e.g. David’s talk + others on Thursday)  
    → IR+AGN radiation pressure   (e.g. see Marta’s poster)

‣ real parsec scale images with VLTI/MATISSE & VLTI/GRAVITY
‣ JWST for PAHs


