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Abstract. We present /SO mid-infrared spectrophotometry and far-infrared photometry of galaxies with Hidden Broad Line
Regions (HBLR). We also present radiative transfer models of their spectral energy distributions which enable us to separate
the contributions from the dusty disc of the AGN and the dusty starbursts. We find that the combination of tapered discs (discs
whose thickness increases with distance from the central source in the inner part but stays constant in the outer part) and
starbursts provide good fits to the data. The tapered discs dominate in the mid-infrared part of the spectrum and the starbursts
in the far-infrared. After correcting the AGN luminosity for anisotropic emission we find that the ratio of the AGN luminosity
to the starburst luminosity, Lagn/Lsb, ranges from about unity for IRAS 14454-4343 to about 13 for IRAS 01475-0740. Our
results suggest that the warm IRAS colours of HBLR are due to the relatively high Lagn/Lsy,. Our fits are consistent with the
unified model and the idea that the infrared emission of AGN is dominated by a dusty disc in the mid-infrared and starbursts in

the far-infrared.
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1. Introduction

Since the discovery of broad lines in the polarized flux of
the prototypical Seyfert 2 galaxy NGC 1068 by Antonucci
& Miller (1985) much effort has been directed towards the
study of this phenomenon in large samples of narrow-lined
AGN (Miller & Goodrich 1990; Young et al. 1996a,b; Heisler
et al. 1997; Tran 2001, 2003; Lumsden et al. 2001). The main
aim was to test the unified model of active galaxies accord-
ing to which many of the differences between narrow-lined and
broad-lined AGN can be understood as arising from the pres-
ence of an obscuring torus viewed from different directions
(Antonucci 1993).

The presence of a geometrically and optically thick dusty
torus implies that a large fraction of the optical and ultravio-
let radiation emitted by the central engine of the AGN is ab-
sorbed by dust and re-radiated anisotropically in the infrared
(Efstathiou & Rowan-Robinson 1990, 1995; Pier & Krolik
1992; Granato & Danese 1994). Detailed radiative transfer cal-
culations show that the predicted infrared spectrum of a dusty
torus is sensitive to a number of parameters including the in-
clination. Deep absorption features at around 10 um due to

* Based on observations with ISO (Kessler et al. 1996), an ESA
project with instruments funded by ESA Member States (especially
the PI countries: France, Germany, the Netherlands and the UK) with
the participation of ISAS and NASA.
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silicate dust are predicted for edge-on views of the torus. For
face-on views a variety of spectra are predicted ranging from
emission/absorption features at 10 um to completely feature-
less spectra.

The spectral energy distributions (SEDs) predicted by most
radiative transfer models of dusty discs and tori presented to
date are generally narrower than the observed infrared SEDs.
This is not necessarily a limitation of the models. NGC 1068
has in fact been known for some time to be a composite ob-
ject (e.g. Telesco et al. 1984) where the Seyfert nucleus is sur-
rounded by a 3 kpc diameter ring of star formation. The AGN
dominates in the mid-infrared part of the spectrum (Rieke &
Low 1975) and the starburst dominates in the far-infrared.

Rowan-Robinson & Crawford (1989) showed that a three
component model (cirrus, starburst and AGN) could explain
observations of IRAS galaxies. Genzel et al. (1998) argued on
the basis of ISO spectroscopy that about half of the ultralu-
minous infrared galaxies harbour simultaneously an AGN and
starburst activity. ISO spectroscopy (see also Roche et al. 1991)
also showed the prevalence of mid-infrared emission features
due to PAHs in AGN (Clavel et al. 2000). These features are
believed to be emitted by the starburst in these systems as the
radiation field is too hard for the PAH molecules to survive in
the dusty torus (Roche et al. 1991; Siebenmorgen et al. 2004a).

The coexistence of dusty AGN and nuclear starbursts and
the low spatial resolution of current infrared observations

http://dx.doi.org/10.1051/0004-6361:20041958



http://www.edpsciences.org/aa
http://dx.doi.org/10.1051/0004-6361:20041958

86 A. Efstathiou and R. Siebenmorgen: ISO observations and models of HBLR

require a composite starburst/AGN torus model to explain
the observed SEDs. In recent years there has been consider-
able progress in attempts to model the SEDs emitted by star-
burst galaxies (Rowan-Robinson & Efstathiou 1993; Kriigel &
Siebenmorgen 1994; Silva et al. 1998; Efstathiou et al. 2000;
Siebenmorgen et al. 2001) and axi-symmetric dust distribu-
tions in AGN (Pier & Krolik 1992; Granato & Danese 1994;
Efstathiou & Rowan-Robinson 1995). These models have been
successfully compared to the SEDs of a number of infrared
galaxies.

The results from the different polarimetric surveys show
that not all narrow-lined AGN show broad lines in polarized
flux. Galaxies known to have HBLR generally show warmer
infrared colours compared to galaxies without HBLR. The first
interpretation of this result was that the occurrence of the phe-
nomenon requires a special viewing geometry (Heisler et al.
1997). Later Alexander (2001), Lumsden et al. (2001) and Tran
(2001, 2003) argued against this model. The cold colours of
galaxies without HBLR were instead mainly attributed to the
dominance of the host galaxy. Galaxies without HBLR have
in general weaker AGN. This is consistent with the compos-
ite starburst/AGN torus model. Tran went a step further and
argued that narrow-lined objects without HBLR do not have a
broad line region at all and therefore the unified model does not
apply to all AGN.

In this paper we report Infrared Space Observatory (ISO)
mid-infrared spectrophotometric and far-IR photometric obser-
vations of two galaxies (IRAS 14454-4343 and 3C 321) that
show HBLR. We use radiative transfer models to separate the
contributions from starbursts and AGN to the SEDs of these
two galaxies. We also model IRAS 01475-0740 for which we
extracted spectrophotometric data from the ISO archive. The
data presented here allow us to carry out the most stringent
test to date to the composite starburst/ AGN torus model for
the infrared emission of AGN. We assume a flat Universe with
A =0.73 and Hy = 71 kms~! Mpc.

2. Observations

Mid infrared spectrophotometric imaging of
IRAS 14454-4343 and 3C 321 were performed on 03-
Sep.-1997 using the ISOCAM circular variable filter (CVE,
Cesarsky et al. 1996). The ISO archive number (TDT) of the
observations are 65800208 for 3C 321 and 65800106 for
IRAS 14454-4343, respectively. The observations cover a
total field of 96” x 96”. For each CVF step between 16.3 um
down to 6.4 um about 30 exposures of 2.1 s integration time
using the 3” lens were read out.

The ISOCAM data were reduced with the ISOCAM
Interactive Analysis (CIA, Ott et al. 1997). We used the default
data reduction steps of CIA: dark current subtraction, initial re-
moval of cosmic ray hits (glitches), detector transient fitting,
exposure coaddition and flat fielding.

The dark current depends on the orbital position of the ISO
space-craft and the temperature of the ISOCAM detector. The
applied correction is based on a model described by Roman &
Ott (1999). The deglitching is done by following the tempo-
ral signal variation of a pixel using a multi-resolution wavelet

Table 1. ISOPHT photometry of IRAS 14454-4343 and 3C 321.

Name S65 pm/Jy S90 ym/Jy S170 pm/Jy
IRAS 14454-4343 45+03 - 2.3+0.35
3C 321 - 0.78+0.23 04+0.12

transform algorithm (Starck et al. 1997). The response of the
detector pixels strongly depends on the previous observations
and there are long term hysteresis effects for each detector
element after changes of the photon flux level. The detector
flux transient fitting method for ISOCAM data was developed
by Coulais & Abergel (2000). After application of the default
deglitcher some residuals of cosmic ray impacts were still vis-
ible in the data. Therefore after the detector flux transient cor-
rection we applied a second cosmic ray rejection method which
is basically a multi-sigma clipping of the temporal signal (Ott
et al. 2000). To determine the source spectrum, we perform a
multi—aperture photometry on each image of the different CVF
steps. For all apertures centered on the brightest pixel of the
source we determine the background as the mean flux derived
in a 4 pixel wide annulus which is put 2 pixels away from the
greatest aperture. In this way, we obtain aperture fluxes that
flatten with increasing aperture radius and approach an asymp-
totic value. The same procedure is repeated on a theoretical and
normalised point source image calculated for the central wave-
length of each CVF image (Okumura 1998). This provides a
correction factor of beam effects of the multi—aperture analysis.
In order to derive the statistical uncertainty of the flux, we per-
form the same procedure on the rms image and quadratically
add the rms of the background estimate. The so far reduced
flux must be converted into astronomical units (mJy) by mul-
tiplication with the standard conversion factor (as given in the
calibration files: CCGLWCVF1 and CCGLWCVEF2 provided
within CIA; see ISOCAM Handbook, Blommaert et al. 2001).

Both targets were also observed with the PHT instru-
ment at 170 ym in mini-raster mode. The TDT of the obser-
vations was 61801012 for IRAS 14454-4343 and 60201514
for 3C 321. IRAS 14454-4343 was also observed at 65 um
(TDT 61801013) and 3C 321 at 90 um (60201515).

For the ISOPHT data standard PIA version 9 data reduction
was used. The “actual” FCS responsivity, and not the default
average one, was used. The photometry was derived from the
small maps assuming unresolved point sources. There was no
indication for a significant extended resolved flux contribution
in the maps. The results of the ISOPHT data reduction are given
in Table 1.

3. Radiative transfer models
3.1. Starburst models

Efstathiou et al. (2000; hereafter ERS00) developed a starburst
model that includes stellar population synthesis (Bruzual &
Charlot 1993), a simple model for the evolution of giant molec-
ular clouds and detailed radiative transfer that includes the ef-
fect of transiently heated particles/PAHs. The models make



A. Efstathiou and R. Siebenmorgen: /SO observations and models of HBLR 87

log (vL./Ly)

PR AU USRS IS NS NS S TN NS S ST RN
0.0 0.5 1.0 2.0 2.5 3.0

1.5

log (A/pm)
Fig. 1. Spectral energy distributions of Efstathiou et al. starbursts in
which the star formation rate decays exponentially with time (time
constant 30 Myr). The SED is shown for three different starburst ages:
10 Myr (solid), 40 Myr (dotted) and 70 Myr (dashed). The models
assume a molecular cloud mass Mguc of 2 x 107 My, a star formation
efficiency 1 of 0.25 and an average molecular cloud density n,, of
600 cm™3. The initial star formation rate is assumed to be 100 M yr~'.

predictions about the emitted spectrum of starburst galaxies
from the UV to the submillimeter as a function of the star for-
mation history of the starburst and its age. Some illustrative
results are given in Fig. 1. The effect of age on the SED is
to make it progressively cooler with the interesting prediction
that the submillimeter luminosity becomes almost independent
of starburst age. Note also that the absorption feature at 10 um
gets shallower with age. The models assume that the dust to
gas ratio does not evolve with age.

The ERS00 models were applied with considerable success
to fit the SEDs of the nearby starbursts M 82 and NGC 6090.
The models were also used to model the SEDs of ultralumi-
nous (Farrah et al. 2003) and hyperluminous (Rowan-Robinson
2000; Verma et al. 2002; Farrah et al. 2002) infrared galax-
ies. In this study we consider models of the type described
in ERSO0 with a range of average molecular cloud densi-
ties (nyy = 300-1500 cm™3) and molecular cloud masses
(Mgmc = 107—108 My). The star formation efficiency 7 is kept
fixed at 0.25. The models assume two more parameters: the
time constant of the exponentially decaying star formation rate
(t = 1-30 Myr) and the age of the starburst (r = 0—-72 Myr).

3.2. AGN models

Models of the infrared emission from dusty tori or discs
in active galactic nuclei were presented by Pier & Krolik
(1992, 1993), Granato & Danese (1994), Efstathiou & Rowan-
Robinson (1995), van Bemmel & Dullemond (2003).

One of the principal constraints for these models were spec-
trophotometric observations of AGN at 8—13 yum (Roche et al.
1991). These observations showed moderate absorption

features at 10 um in type 2 AGN, which are attributed to sil-
icates, but rather featureless spectra in type 1 AGN.

Pier & Krolik (1992) presented models of moderate to high
optical depth tori which were approximated as cylinders of uni-
form density. The most optically thick of their models produced
flat 8—13 um spectra or moderate absorption features when the
tori were viewed face-on but the SEDs were rather narrow. In
their application of these models to NGC 1068, Pier & Krolik
(1993) introduced an additional optically thin component that
broadened the emission from the optically thick torus.

Granato & Danese (1994) presented models for flared discs
of moderate optical depth. With a standard interstellar dust
mixture such models predict emission features at 10 um when
the discs are viewed face-on (Efstathiou 1990). Granato &
Danese showed that these features are suppressed if the sili-
cates are destroyed (for example by shocks) in the inner part
of the dusty disc. Grain mixtures that differ from the standard
galactic one have also been discussed by Laor & Draine (1993),
Maiolino et al. (2001a,b), van Bemmel & Dullemond (2003)
and Galliano et al. (2003). Granato et al. (1994) presented a fit
to the SED of the nucleus of NGC 1068 with a model that as-
sumes that the dust density varies exponentially with a function
of the polar angle ©®.

Efstathiou & Rowan-Robinson (1995, hereafter ERR95)
considered anisotropic spheres (see also Rowan-Robinson et al.
1993), flared and tapered discs. Flared discs have a thickness
that increases linearly with distance from the central source.
The thickness of tapered discs also increases with distance in
the inner disc but assumes a constant value in the outer disc.
ERR95 concluded that the geometry that best fits the observa-
tional constraints is that of tapered discs. Efstathiou, Hough &
Young (1995) proposed a model for the nucleus of NGC 1068
that involved a tapered disc and dust in the ionization cones.
The presence of conical dust in NGC 1068 is supported by sub-
arcsecond mid-infrared imaging (e.g. Cameron et al. 1993). If
the conical dust is diffuse and composed of the standard inter-
stellar mixture it will emit a strong silicate emission feature.
This dust should therefore either be concentrated in clouds or
be composed of large grains only. Efstathiou, Hough & Young
attempted to model approximately the emission of conical dust
by increasing the abundance of very large (30 um) grains in the
cones.

Rowan-Robinson (1995) presented a model for the infrared
emission of PG quasars that treated an anisotropic distribu-
tion of clouds which were approximated by narrow shells. This
model also produces weak silicate emission features and broad
SEDs. The idea of a clumpy torus was explored in much more
detail by Nenkova et al. (2002) who calculated the emission of
individual clouds with the slab approximation. The latter au-
thors also computed the emission/absorption by an ensemble
of clouds in a flared disc.

The AGN models considered in this study are the tapered
disc models described in ERR95 that represent one possible
solution to the problem. For simplicity we do not consider con-
ical dust in this paper. The reader is referred to ERR95 for a
discussion of how the predicted SEDs depend on the assumed
parameters. We consider tapered disc models in which we vary
two parameters: the half-opening angle ®, which we vary in
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Table 2. Best fitted AGN torus parameters and derived luminosities: A is the anisotropy factor (see Sect. 4.1), i is the angle between the line of
sight and the polar axis of the disc, ®, is the half-opening angle, Ly,, Lagn and Ly, are the starburst, AGN and total 1-1000 gm luminosities
respectively. Note that the emission from the AGN torus is anisotropy corrected (see Sect. 4). For the starburst models the best-fitted parameters
for all objects are: time constant of the exponentially decaying star formation rate is 3 x 107 years, age is 7.2 x 107, average molecular cloud

density 1500 cm™ and molecular cloud mass 5 x 107 M.

Name z Xiqin/df A i 0, loglLaon/Le logLgy/Ls 1ogLio/Lo
IRAS 14454-4343  0.03856 1.19 1.4 58° 45° 11.40 11.37 11.69
3C 321 0.09610 1.26 73 73 60° 12.30 11.40 12.35
IRAS 01475-0740  0.01766  0.85 1.7 60° 45° 10.78 9.67 10.81

the range 30°, to 60° (this is related to the angle ®; defined by
ERROS5 by ®, = 90° — @) and the inclination i which covers
the range 0 to 7/2 (face- to edge-on tori). The SED is computed
for 37 lines of sight equally spaced in i. The ratio of inner to
outer disc radii ry /r; is fixed at 0.05 which is the middle of the
values considered by ERR95. The equatorial 1000 A optical
depth is kept fixed at 1000 and the ratio of disc height to inner
radius //r; is assumed to be 10 for all models. As in ERR95 the
density distribution in the tapered disc is assumed to follow r~!.

Galliano et al. (2003) carried out a comprehensive study of
the prototypical Seyfert 2 galaxy and HBLR NGC 1068. They
found that the nuclear SED can be fitted successfully with both
tapered discs and flared discs whose density varies with polar
angle ©. Galliano et al. found that the size and optical thickness
of the torus are reasonably well constrained by the data but the
geometry of the torus is not. Good fits are obtained with mod-
els that assume that the inclination is in the range 30° to 50°.
For reference, the model of Efstathiou et al. (1995) for the nu-
cleus of NGC 1068 assumed an inclination of 45°. Because we
are only considering a small set of tapered disc models in this
paper, our predicted inclinations may be uncertain by 10-20°.
This also introduces an uncertainty in the anisotropy corrected
luminosity of the AGN (see Sect. 4.1).

4. Results of model fitting

Given the set of starburst and torus models described above we
seek the combination which provides the minimum reduced y?.
The torus emission can vary with the inclination but the
starburst emission is assumed to be inclination-independent.
Furthermore, we assume that there is no absorption of radia-
tion emitted by the torus by the starburst and vice versa. This
is not an important limitation if the starburst is concentrated in
a circumnuclear ring as in the case of NGC 1068, although in
such a case we may expect some heating of the outer parts of
the torus by the starburst. If, however, a significant fraction of
the radiation emitted by the AGN in directions not covered by
the torus is intercepted by circumnuclear or galactic dust then
our estimated starburst luminosity will be overestimated.

To be consistent with the fact that no broad lines are seen di-
rectly in these objects, we only consider models where the line
of sight to the central source passes through the disc. The re-
sulting fits are given in Fig. 2 and the best fit parameters are tab-
ulated in Table 2. There are no other combinations of starburst
and AGN torus/inclination that give a y> lower than anin + 1.

The best fit models are found to be in good agreement with the
broad band SEDs as well as the detailed ISO spectrophotome-
try in the 5-13 um range.

4.1. IRAS 14454-4343

Polarized Broad H, and Hg were discovered in IRAS 14454-
4343 by Younget al. (1996a). A very good fit to the spectropho-
tometry and far-IR photometry is obtained with a model where i
is 58°.

As it is clear from the plot of the spectral energy distribu-
tion of the torus for different inclinations given by ERR9S5, the
emission from the torus is highly anisotropic. We quantify this
with the anisotropy factor A(i) which is defined to be

2 [5G sini di
7S (i)

AG) =

where S (i) is the bolometric emission at angle i.

For the specific model and inclination that gives the best
fit to IRAS 1445-4343, A is 1.4 which implies that the AGN
is about 40% more luminous than it would be if the observed
emission was radiated isotropically. After this correction the
AGN torus is found to be approximately as luminous as the
starburst. The predicted intrinsic luminosity of IRAS 14454-
4343 (4.9x10'"! Ly) places this object in the Luminous Infrared
Galaxy (LIRG) class.

The starburst age is predicted to be 72 Myr and the ini-
tial visual optical depth of the molecular clouds is predicted
to be 250. The latter is a factor of five higher than the optical
depth of molecular clouds in the M 82 and NGC 6090 starburst
(ERS00). More details of assumed parameters and derived lu-
minosities are given in Table 2.

4.2. 3C 321

A polarized broad component of H, was discovered in this
powerful FR II galaxy by Young et al. (1996b). The spectropho-
tometric data for this object are not as good as for IRAS 1445-
4343 as this object is about an order of magnitude fainter in the
mid-infrared. Nevertheless a clear 10 um feature in absorption
is detected. The best fit model is the most geometrically thin
of the models considered i.e. the model with ®, = 60°. The
best fit i in this object is 73°. This implies a higher anisotropy
factor which is found to be 7.3 in this case. After correcting for
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Fig. 2. Best fits to the rest frame SEDs of IRAS 14454-4343, 3C 321 and IRAS 01475-0740 with a starburst/ AGN torus combination model.
The total emission is plotted with a solid line whereas the individual contributions from the starburst and AGN are given by the dashed and
dotted lines respectively. In the case of 3C 321 and IRAS 01475-0740 where optical/near-IR data is available, the emission by an old stellar
population (12.5 Gyr) normalized to the H band is shown with a dash-dot line.

this effect we find that the AGN is about a factor of 8 more lu- 4.3. IRAS 01475-0740

minous than the starburst. The predicted intrinsic luminosity of

3C 321 (2.2 x 10" Ly) places this object in the Ultraluminous ~ Polarized broad lines in this object were discovered by Tran

Infrared Galaxy (ULIRG) class. (2001). The best fit disc model is identical to that for
The best fit starburst parameters for 3C 321 are identical to  IRAS 1445-4343 but i is slightly higher (60°) i.e. this object is

those found for IRAS 14454-4343, viewed more edge-on. The anisotropy correction factor is also
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slightly higher (1.7). This object is the least luminous of the ob-
jects studied with a total intrinsic luminosity of 6.5 x 1010 L,
Interestingly, however, it has the highest ratio of AGN to star-
burst luminosity (13). The fitted starburst parameters are also
identical to those for IRAS 14454-4343 and 3C 321.

5. Discussion and conclusions

We presented ISO mid-infrared spectrophotometry and far-IR
photometry for two objects (IRAS 14454-4343 and 3C 321)
that show (polarized) Hidden Broad Line Regions. We also
extracted from the /SO archive mid-IR spectrophotometry for
a third object (IRAS 01475-0740) that shows the same phe-
nomenon. We used radiative transfer models of torus and star-
burst emission to separate their contribution to total lumi-
nosity. We find that the combination of the tapered discs of
Efstathiou & Rowan-Robinson (1995) and the starburst models
of Efstathiou et al. (2000) provide good fits to the data. These
results support the idea of a two-component model to explain
the infrared emission of AGN. The same model has been ap-
plied to fit the SEDs of ultraluminous (Farrah et al. 2003) and
hyperluminous (Morel et al. 2001; Farrah et al. 2002; Verma
et al. 2002) infrared galaxies although in those studies mid-
infrared spectrophotometry was not available. A similar study
was carried out by Rowan-Robinson (1995) who modeled the
SEDs of PG quasars with a combination of the starburst model
of Rowan-Robinson & Efstathiou (1993) and a model for the
AGN emission that considered an ensemble of geometricaly
thin shells. Models of the type presented here were also applied
to fit the SEDs of Cen A (Alexander et al. 1999) and Circinus
(Ruiz et al. 2001).

Nenkova et al. (2002) presented a model that is based
on the idea that the dust in AGN is concentrated in clouds.
They found that if the dust is contained in 5-10 clouds (each
with a visual optical depth greater than 60) along radial rays
through the torus they can produce SEDs extending to the
far-infrared. The broadest of the predicted SEDs shows a sil-
icate feature in emission for type I objects. More recently,
Dullemond & van Bemmel (2005) presented models of clumpy
tori around active galactic nuclei and compared them with
equivalent smooth tori. They found that the 10 ym emission
feature of the clumpy models, when seen almost face-on, is not
appreciably reduced compared to the equivalent smooth mod-
els.

Kuraszkiewicz et al. (2003) presented flared disc models
for three X-ray selected active galaxies. The models reproduce
the whole infrared SED without the need for a starburst com-
ponent. The models presented by Kuraszkiewicz et al. show
strong silicate features in emission. The latter authors note that
these features would be eliminated if the torus were clumpy but
as discussed above this may not necessarily be the case.

Siebenmorgen et al. (2004b) presented radiative transfer
models for 3CR radio galaxies detected by ISOCAM. Although
the models of Siebenmorgen et al. are spherically symmetric,
they take into account for the first time the destruction of small
grains and PAHs by the radiation field of the central engine
of the AGN. Their models show that when the dust is at large
distances from the central engine (several kpc) the SED peaks

in the far-IR and strong PAH features are predicted. When the
dust is close to the central engine, a situation that approximates
a nuclear torus, the SEDs shift to shorter wavelengths and do
not show strong PAH bands.

It would be interesting to see if the models considered in
this paper and those discussed above can successfully model
the detailed SEDs of AGN that will soon become available with
the Spitzer Space Telescope.

The results from the various spectropolarimetric surveys
carried out to date show that not all narrow-lined AGN con-
tain HBLR. Heisler et al. (1997) pointed out that galaxies that
harbour HBLR tend to have warm mid- to far-infrared colours
(Feo/F25 < 4). To interpret this result they proposed a model
according to which the orientation of the dusty torus is the
main factor that determines the visibility of polarized broad
lines. Heisler et al. suggested that the reason for this is that
scattering takes place very close to the nucleus. In their model
non-HBLRs are those narrow-lined AGN which are viewed at
high inclination and therefore the scattered (and hence polar-
ized) radiation is also blocked by the torus. In a subsequent
paper Lumsden et al. (2001) presented results from a spec-
tropolarimetric survey of a complete far-infrared selected sam-
ple of Seyfert 2 galaxies. This study confirmed the findings of
Heisler et al. that galaxies with HBLR tend to have warm mid-
to far-infrared colours. However, Lumsden et al. presented ev-
idence showing that the warmth of the infrared emission is not
solely due to inclination. They found instead that the main de-
termining factor is the relative luminosity of the AGN and the
host galaxy as proposed first by Alexander (2001). HBLRs are
found in objects where the AGN dominates the infrared lumi-
nosity. Lumsden et al. also found that HBLRs have less ob-
scuration than non-HBLRs of the same luminosity suggesting,
that orientation may also be important if obscuration arises in
a torus.

Recently Lumsden et al. (2004) presented results from
a spectropolarimetric survey of a sample of Compton-thin
Seyfert 2 galaxies. They found that the detection of HBLR in
this sample is considerably higher than in Seyfert 2 galaxies
as a whole. They also found HBLR in galaxies with cool mid-
to far-infrared colours (Fey/F»5 > 4). These observations ar-
gue against the idea proposed by Tran (2003) that there are two
populations of Seyfert 2s, those with a broad line region and
those without one.

The available evidence therefore suggests that the occur-
rence of the HBLR phenomenon requires a strong AGN rela-
tive to the host galaxy and possibly lower obscuration which
may imply a dependence on inclination. The method applied
in this paper allows a determination of both the ratio of AGN
to starburst luminosities and the inclination. So a similar anal-
ysis on a larger sample of Seyfert 2s preferably with data
provided by new space telescopes, such as the Spitzer Space
Telescope, promises to be useful for understanding the HBLR
phenomenon.

The tendency of galaxies with HBLR to show both warm
mid- to far-infrared colours and evidence for strong AGN rel-
ative to the host galaxy (as measured by the [OIII] 5007 A
to Hp ratio) supports the idea of the two-component model for
the infrared emission of AGN. Galaxies with warm colours are
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objects with a strong AGN whose emission peaks in the mid-
infrared and therefore boosts the 25 um flux.

As it is evident from Fig. 2, even in objects in which the
AGN dominates the bolometric luminosity, the starburst dom-
inates at wavelengths longer than 60—-100 um. By contrast the
rest-frame mid-infrared emission is dominated by the AGN
torus. If we assume that the same model applies to the high
redshift Universe, this result justifies the use of submillime-
ter and millimeter fluxes to derive star-formation rates for high
redshift objects found in blank field surveys (e.g. Hughes et al.
1998; Scott et al. 2002) or pointed observations of high redshift
objects (e.g. Priddey & McMahon 2001).
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