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1. Introduction

According to the unification scheme of active galactic nuclei (AGNs; e.g., Krolik & Begel-
man, 1988; Antonucci, 1993) the bulk of the radiation from the central engine is absorbed by
an anisotropic, circumnuclear, obscuring structure and re-emitted mainly at mid-infrared (MIR)
wavelengths. This structure may be composed of several different physical components. A main
component of the obscuring structure is believed to be a dusty torus. The MIR SED of such a
torus depends on its dimensions and geometry, the density distribution and the dust grain proper-
ties. Other AGN components can contribute to the observed MIR spectrum of AGNs. Some of
this emission may originate farther from the central radiation source, at distances exceeding the
dimensions of the torus. Dusty clouds in the narrow-line region (NLR) may be the source of such
radiation (Schweitzer et al., 2008; Mor et al., 2009, hereafter M09).

Another component of very hot dust at the innermost edge of the torus has been suggested
in the past, and in recent years is increasingly being supported by observations. Dust reverbera-
tion measurements lead to the conclusion that the near-infrared (NIR) emission in these sources
is dominated by thermal radiation from hot dust very close tocenter (e.g., Minezaki et al., 2004;
Suganuma et al., 2006). Several studies fitted the NIR to MIR SEDs of AGNs using a blackbody
spectrum to represent emission from hot dust in the inner region of the torus (e.g., Edelson &
Malkan 1986; Barvainis 1987; Kishimoto et al. 2007; Riffel et al. 2009; M09; Deo et al. 2011).
More recently Landt et al. (2011) found similar results by fitting the optical to NIR SED of 23
AGNs. The modeled temperature of this component is usually found to be high,>∼ 1200K, re-
gardless of the AGN luminosity and is consistent with pure-graphite dust emission (M09). Mor &
Trakhtenbrot (2011) used the (observed) optical to MIR SEDsof ∼ 15000 type-I AGNs to conclude
that a hot pure-graphite dust component is observed in the vast majority of type-I AGNs.

In these proceedings we present the results of a detailed investigation of a large sample of
NLS1s and BLS1s. We fitted the observed NIR to MIR SEDs of 115 type-I AGNs using a 3-
component model made of a clumpy torus, dusty NLR clouds and very hot pure-graphite dust
clouds. These results are discussed in full detail in an upcoming publication by Mor & Netzer.

2. Sample Selection and Observations

Our sample consists of local type-I AGNs collected from several other samples, covering a
wide range in luminosity and divided into two groups of NLS1sand BLS1s, according to their
FWHM[Hβ ]. The sample is based on the one described in Sani et al. (2010) and supplemented
with a sample of 26 PG QSOs which is described in detail in Schweitzer et al. (2006) , Netzer et al.
(2007) and M09. The luminosity range of the entire sample isL5100≈ 1042.2−45.9 ergs−1 where
L5100 stands forλLλ at rest wavelength 5100Å.Spitzer/IRS spectra for all objects were taken in
either low or high resolution modes and cover the wavelengthrange of 5-35µm in the observed
frame. We supplemented theSpitzer spectra with NIR data obtained from the 2MASS extended
and point source catalogs (Skrutskie et al., 2006). To account for longer wavelengths of the SED
we useIRAS 60 µm photometry (Neugebauer et al., 1984).

In order to compute the bolometric luminosity of all sourceswe adopt the Marconi et al. (2004)
“intrinsic”, luminosity dependant SED, which provides a polynomial prescription for estimating
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λLλ (4400Å) at everyLbol. We use this prescription forL5100 by adopting afν ∝ ν−0.5 power-
law approximation. We have estimated the black hole mass (MBH) and normalized accretion rate
(L/LEdd) for all sources using the procedure described in Netzer & Trakhtenbrot (2007). In this
procedure (the “virial" mass determination, see Eq. 1 in Netzer & Trakhtenbrot 2007),L5100 and
FWHM(Hβ ) are combined to obtainMBH. L/LEdd is obtained by using the adopted bolometric
correction factor.

3. Spectral Decomposition

One of the main goals of the present work is to fit the 2-60µm SED of the sources in our
sample, following the general scheme of M09. Our models include different physical components:
a very hot graphite-only dust, a clumpy torus with silicate dust, a dusty NLR, and a star forming host
galaxy. We start by separating the AGN-related components from the host galaxy component. This
subtraction is a major challenge and a major source of uncertainty mainly at longer wavelengths
where the emission from star formation is dominant.

We have constructed a library of SF templates usingSpitzer/IRS spectra of 5 different star
forming galaxies: M82, UGC 2982, NGC 6090, IRAS 22491-1808,and Arp 220. These galaxies
span a wide range of IR luminosity (LIR≈ 1010.5−12.2 L⊙) and PAH luminosities (LPAH(7.7µm) ≈

108.4−9.8 L⊙). The observed spectra of the templates are smoothed to avoid any systematic features
in the subtracted AGN spectra. The ratio between the FIR and MIR fluxes (f60/ f25) in star forming
galaxies has a large intrinsic scatter and ranges between about 3 and 13 (e.g., Sanders et al., 2003).
For each star forming galaxy we choose 8 values within this range and simulate a 60µm flux
accordingly. Finally, our set of SF templates consists of 40templates covering a large range of IR
luminosity, FIR/MIR ratio, and PAH features strengths.

We subtract each template from the observed SEDs using the intensity of the PAH emission
features clearly seen in many of our sources. The PAH emission is assumed to be solely due to the
SF in the host galaxy. For each SF template we choose a normalization factor such that after the
subtraction, the observed PAH features are completely gonefrom the spectrum, and the remaining
flux at the relevant wavelength range is consistent with the level of noise. For objects with no PAH
detection the subtraction is limited according to the levelof noise in the relevant wavelength ranges
in their spectrum.

The first AGN-related component represents a dusty torus surrounding the central energy
source. We use the clumpy torus models of Nenkova et al. (2008a) in a similar way to that described
in M09. Unfortunately the normalizations of the models (those calculated before September 2010
and used in M09) were found to be off by a factor of∼ 2− 3 (see erratum by Nenkova et al.,
2010). The corrected clumpy torus models are very useful to determine the contribution of the
torus component to the IR SED (i.e. the torus covering factor). The first parameter of the clumpy
torus model is the inner radius of the cloud distribution that is set to the dust sublimation radius
Rd,Si. This corresponds to a dust sublimation temperatureTsub that depends on the grain properties
and mixture. All models considered here assume spherical dust grains with MRN size distribution
(Mathis et al., 1977). The dust has a standard galactic mix of53% silicates and 47% graphite. The
optical properties of graphite are taken from Draine (2003)and for silicates from Ossenkopf et al.
(1992, OHM). Nenkova et al. (2008b) adopted a sublimation radius appropriate for an “average”
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grain, representing the properties above and a sublimationtemperature of 1500 K. This is given by

Rd,Si ≃ 1.3×

(

Lbol

1046ergs−1

)1/2(1500K
Tsub

)2.6

pc. (3.1)

The second component of the model represents a collection ofdusty NLR clouds. The mo-
tivation for this component is explained in Schweitzer et al. (2008) and M09 where it was shown
that such a component can contribute significantly to the MIRflux of luminous AGNs. The prop-
erties assumed here for these clouds are similar to the ones used in M09. We assume constant
column density clouds withNH = 1021.5 cm−2. We further assume constant hydrogen density of
105 cm−3, solar composition and galactic dust-to-gas ratio. The important physical parameters for
this component are the distance from the central source to the clouds (which determines the dust
temperature), the incident SED, and the dust column density.

The third component represents a collection of dusty cloudsof gas located at the inner edge of
the torus and with a pure graphite dust composition. The motivation for this component is explained
in M09 where it was shown that such a component is necessary toexplain the NIR emission of type-
I QSOs. Mor & Trakhtenbrot (2011) have shown that a hot dust component is present in& 80% of
type-I AGNs and is significantly luminous. The pure-graphite dust must be external to the broad
line region (BLR), where dust cannot survive, and internal to the “standard” clumpy torus, where
the distances are large enough to allow silicate-type dust.Here we suggest that the pure-graphite
dust is located in BLR clouds that are between the silicate and graphite sublimation radii. The
pure-graphite dust sublimation radius is given by

Rd,C ≃ 0.5×

(

Lbol

1046ergs−1

)1/2(1800K
Tsub

)2.8

pc. (3.2)

The fitting procedure starts with the SF template subtractedSED that is assumed to represent
only the AGN-produced continuum. Although the SF componentis subtracted prior to the model
fitting, it introduces another degree of freedom to the procedure. To fit the SED with a 3-component
model we useχ2 minimization in a similar way to that described in M09. The only difference is
that the normalization of the torus component is now a free parameter. Fig. 1 shows the best fit
model for a representative case, the NLS1 Mrk 896.

4. Intrinsic AGN SED

The subtracted spectra are used for constructing a median intrinsic AGN SEDs for different
groups in the sample divided by luminosity and by emission line width. For all the spectra in each
group we calculate the median luminosity in every wavelength bin, to get a median intrinsic AGN
SED. The right panel of Figure 2 shows the median AGN SED for the two populations of narrow-
and broad-line AGNs in our sample. The left panel shows the median AGN SED for different
luminosity groups in our sample. Examining Figure 2 it is evident that the general shape of the
SEDs is very similar regardless of luminosity or line widths. All SEDs exhibit three distinct peaks
at short (. 5 µm) and medium (∼ 10 and∼ 20 µm) wavelengths. The last two peaks are likely
dominated by silicate dust, corresponding to the 10 and 18µm broad emission features.
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Figure 1: Best fit using the three-component model for a representative case, the NLS1 Mrk 896. Top panel
shows the best fit model (magenta), the observed (gray) and the subtracted and binned (black) spectra. We
also show individual components: torus (green), NLR (red) and hot pure-graphite dust (blue). In the bottom
panel we show the quality of the fit in each wavelength bin, by calculating the ratio between the model and
the fitted data.

Our result is consistent with the SEDs found by Netzer et al. (2007) for the QUEST sample.
The QUEST sample represents the high end of the AGN luminosity range of our current sample,
and mostly consists of broad line sources. Netzer et al. (2007) also divided the QUEST sample
into two groups of sources with strong and weak FIR emission.Again, the shapes of the AGN
SEDs were remarkably similar. Deo et al. (2009) employed a similar subtraction method to a large
sample of type-I and -II Seyfert galaxies. These authors findthat the AGN continuum emission
drops rapidly beyond∼ 20 µm for all AGN types, regardless of SF activity. Recently, Mullaney
et al. (2011) employed a slightly different method to determine the intrinsic AGN SED of a sample
of type-I and type-II AGNs. These authors fit the IR SEDs, simultaneously, using a SF template and
a broken power law that represents the AGN emission. They findthat the warm dust peak is located
at somewhat longer wavelengths (between∼ 15 and 45µm) before dropping rapidly towards FIR
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Figure 2: Intrinsic AGN SEDs. Right: median subtracted SEDs for two sub-groups of NLS1s (blue) and
BLS1s (red). Dashed lines represent the 25th and 75th percentiles of each sub-group. Left: median sub-
tracted SEDs for two sub-groups divided according to their luminosity at 6µm. The blue and red curves
represent sources above and below the median luminosity at 6µm (1044.2 erg s−1), respectively. As in the
right panel, dashed lines represent the 25th and 75th percentiles of each sub-group. All SEDs have very
similar shape and exhibit three peaks at short (. 5 µm) and medium (∼ 10 and∼ 20 µm) wavelengths.

wavelengths. This result is not confirmed by our analysis, probably due to the different way of
accounting for the SF contribution and the different SF templates used. We suspect that it may also
be affected by the presence of type-II AGNs in their sample and the difficulty to properly account
for the host contribution in these sources.

5. Hot Pure-Graphite Dust

A major goal of our work is to explain the NIR emission in type-I AGNs and to identify the
physical properties of the component responsible for this emission. Here we suggest that the emis-
sion is due to hot dust clouds with pure graphite dust composition. The most important parameter
of the hot dust component, determined by the fitting procedure, is its luminosity (LHD). Since the
hot dust is optically thick at all UV-optical wavelengths,LHD is a measure of the covering factor of
this component (CFHD). Figure 3 shows a strong correlation betweenLHD andLbol. NLS1s (blue
circles) exhibit a similar trend to that of BLS1s (red circles) although the scatter is larger. Fig. 3
also show the results of Mor & Trakhtenbrot (2011) (gray dots). These authors fitted the (observed)
optical to MIR SEDs of∼ 15000 high luminosity QSOs at 0.75<z< 2, and measured the luminos-
ity of the hot dust component. The relation betweenLHD andLbol, over a large luminosity range,
indicates that CFHD in type-I AGNs spans a relatively limited range (∼0.1-0.2, see below). The
NLS1s that lie much below the relation of Fig. 3 may representsources with exceptionally low
CFHD (see below).

A major assumption of this work is that the entire MIR spectrum, after starburst subtraction, is
reprocessed AGN radiation. This can be used to deduce the covering factor of the central source by
the three components (see also M09 and references therein).The covering factors are defined by
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Figure 3: Luminosity of the hot dust component vs. AGN bolometric luminosity. Results from the current
work are shown as blue and red circles (NLS1s and BLS1s, respectively), Results for a much larger sample
of high luminosity QSOs from Mor & Trakhtenbrot (2011) are shown in gray. The black line represents an
OLS fit to the data of the current work.

the ratio between the total luminosity of each component andLbol. Figure 4 shows the cumulative
distribution functions of the covering factors of the different components. In all panels the blue
lines represents the NLS1s in the sample and the red lines represents the BLS1s. As can be seen
in Fig. 4, NLS1s tend to have lower covering factors comparedwith BLS1s. The median value of
CFHD for the NLS1s is 0.23 and for the BLS1s 0.27. The median value of the torus covering factor
is 0.24 for the NLS1s and 0.33 for the BLS1s. The covering factor of the NLR component has a
median value of 0.03 for the NLS1s and 0.07 for the BLS1s.

Sani et al. (2010) found that NLS1s tend to have stronger SF activity compared with BLS1s
at a given AGN luminosity. Since we fit the SF subtracted SED this may effect the derived torus
and NLR covering factors. However, this cannot explain the difference in the covering factors of
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Figure 4: Cumulative distribution functions of the covering factorsof the three dusty components. For all
components, the covering factors tend to be smaller in NLS1s(blue) than in BLS1(red). The distribution of
CFHD and the torus covering factor are very similar, indicating that about half of the obscuration is due to
hot pure-graphite dust clouds which are not included in “standard” torus models.

the hot dust component since the SF contribution to the 1-5µm wavelength range is very small.
Host contribution to the optical range (i.e. toL5100) would result in an overestimation of the AGN
bolometric luminosity and consequently lower the estimated covering factor. Such host contribu-
tion to the optical spectrum is, however, more significant inlower luminosity AGNs regardless of
their line widths.

In order to explore the relation with AGN properties we focuson CFHD and compare it against
Lbol, MBH, andL/LEdd. Fig. 5 shows CFHD against these properties for the current sample of NLS1s
(blue circles) and BLS1s (red circles). The results of Mor & Trakhtenbrot (2011, gray dots) are
shown for comparison. The black dashed lines in Fig. 5 represent the 99th percentiles boundaries of
the CFHD distribution of the Mor & Trakhtenbrot (2011) sample. The percentiles were calculated
by assuming that the CFHD distribution, in any a certain luminosity bin, should be symmetrical
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around the peak value and by mirroring the high-CFHD side of the distribution. This is done in
each (0.2 dex) luminosity bin separately. Mor & Trakhtenbrot (2011) suggest that all the points
which lie below the lower dashed lines can be regarded as hot dust poor AGNs. The fraction of
such sources in their sample is∼20% and does not depend on source luminosity.
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Figure 5: Covering factor of the hot pure-graphite dust component against Lbol (left), MBH (middle), and
L/LEdd (left panel). In all panels, NLS1s are represented by the blue circles and BLS1s in red. Results of
Mor & Trakhtenbrot (2011, gray dots) are shown for comparison. Dashed black lines represent the peak of
the CFHD distribution and the 3σ -equivalent range - see text

The NLS1s in our sample have lowerMBH than the BLS1s. As can be seen in the middle
panel of Fig. 5, most of the sources with log(MBH/M⊙)< 7.3 are NLS1s and∼20% of them have
CFHD lower than 0.1. No significant correlation was found betweenCFHD andMBH. If the NLS1s
that have very low CFHD are truly hot dust poor AGNs it may suggest that these sourcesare more
common in lowMBH sources.

L/LEdd is known to be higher in NLS1s. The right panel of Fig. 5 shows CFHD againstL/LEdd.
There is a clear anti-correlation over two orders of magnitude in L/LEdd. The NLS1s that lie
below the CFHD-Lbol and CFHD-MBH relations are also the sources with the highestL/LEdd. Mor
& Trakhtenbrot (2011) did not find any significant correlation with L/LEdd. However, their sample
spans a narrow range ofL/LEdd.

The second parameter that is determined by the fitting procedure is the distance from the
center to the hot dust component (RHD). Figure 6 shows this distance againstLbol. The silicate
and pure-graphite dust sublimation radii defined by equations 3.1 and 3.2, respectively, are also
shown. We also show the relation between the emissivity weighted BLR radius for the Hβ line,
RBLR andLbol. This distance is based on an up-to-date version of the Kaspiet al. (2005) relation
taking into account the modifications of Bentz et al. (2009):RBLR = 0.02×

(

L5100/1044
)0.62

[pc].
Fig. 6 demonstrates that clouds are clearly situated outside the dust-free BLR and within the edge
of the “standard” silicate-dust torus.
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Figure 6: Distance to the hot pure-graphite dust components vs. AGN bolometric luminosity for two sub-
groups of NLS1s (blue) and BLS1s (red). Dashed and solid black lines represent the sublimation radii of
silicate and pure-graphite dust, respectively. Dot-dashed line represent theRBLR-Lbol relation (see text).
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