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INTRODUCTION:	

We	present	an	analysis	of	the	average	spectral	proper0es	of	~12,000	SDSS	quasars	as	a	func0on	of	accre0on	disk	inclina0on,	as	measured	from	the	equivalent	width	of	the	
[O	III]	5007Å	line.	The	use	of	this	indicator	on	a	large	sample	of	quasars	from	the	SDSS	DR7	has	proven	the	presence	of	orienta0on	effects	on	the	features	of	UV/op0cal	
spectra,	confirming	the	presence	of	ouZlows	in	the	NLR	gas	and	that	the	geometry	of	the	BLR	is	disk-like.	Relying	on	the	goodness	of	this	indicator,	we	are	now	using	it	to	
inves0gate	other	bands/components	of	AGN.	Specifically,	the	study	of	the	UV/op0cal/IR	SED	of	the	same	sample	provides	informa0on	on	the	obscuring	“torus”.	The	SED	
shows	 an	 increase	 of	 the	 IR	 frac0on	moving	 from	 face-on	 to	 to	 edge-on	posi0ons,	 in	 agreement	with	models	where	 the	 torus	 is	 coaxial	with	 the	 accre0on	disk,	 and	
characterized	by	a	clumpy	structure.	 [Bisogni	et	al.	2017a,	MNRAS,	464,	385B,	Bisogni	et	al.	2017b,	in	prep.]	

Abstract: 

The	observed	
EW[OIII]	distribu2on	
shows	a	power	law	
tail		
for	high	EW	values	
that	can	be	
produced	only	by	
orienta2on	
(Risali2	et	al.	2011).		

We	split	the	sample	
in	EW[OIII]	bins		
and	look	for	
orienta2on	effects	
on	spectral	emission	
features	of	
representa2ve	
spectra	
(Bisogni	et	al.	2017a)	

Bisogni	et	al.	2017a	

Bisogni	et	al.	2017a	

Results	on	op0cal	spectra:	

Implica0ons	for	the	Torus	
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1 dy=yqÞ$1 is a dimensionless constant, ensuring the nor-
malization N0 ¼

R
NCðr;b ¼ 0Þdr. The Gaussian can be taken as rep-

resentative of soft-edge angular distributions, illustrated on the
right in Fig. 5. Sharp-edge angular distributions can be parametrized
with a step function with cutoff at b ¼ r. Fig. 8 shows the results of
model calculations for these two geometries with the same set of
parameters. The sharp-edge geometry produces a bimodal distribu-
tion of spectral shapes, with little dependence on viewing angle other
than the abrupt change that occurs between the torus opening and
the obscured region. This SED dichotomy conflicts with observations
(Alonso-Herrero et al., 2003). In contrast, the soft-edge Gaussian
distribution produces a larger variety in model spectral shapes, with
a smooth, continuous dependence on i, in agreement with the find-
ings of Alonso-Herrero etal. (2003). It is gratifying that the more plau-
sible soft-edge distribution also produces better agreement with
observations.

Clumpy torus modeling was employed in the analysis of spa-
tially-resolved, near-diffraction-limited 10 lm spectra of the nu-
cleus of NGC 1068, obtained by Mason et al. (2006) with Michelle,
the mid-IR imager and spectrometer on the Gemini North telescope.
Mason et al first compared the models with the 8–13 lm Michelle
spectrum of the central 0.400 core to determine the best-fit parame-
ters. The model predictions outside this spectral range were then
compared with all other observations, and Fig. 9 shows the results
of this comparison. As noted above, the torus in this AGN is nearly
edge-on (Section 3.4), and this is the first model to reproduce the ob-
served near-IR flux with such orientation; in contrast, smooth-den-

sity models were forced to assume, contrary to observations,
viewing from 22! to 25! above the equatorial plane in order to bring
into view the warm face of the torus backside (Granato et al., 1997;
Gratadour et al., 2003; Fritz et al., 2006). It is noteworthy that all flux
measurements with apertures < 0:500 are in good agreement with
the model results. However, the flux collected with larger apertures
greatly exceeds the model predictions at wavelengths longer than
%4 lm. This discrepancy can be attributed to IR emission from near-
by dust outside the torus – Mason et al. show that the torus contrib-
utes less than 30% of the 10 lm flux collected with apertures P 100.
The bulk of the large-aperture flux comes at these wavelengths from
dust in the ionization cones3; while less bright than the torus dust, it
occupies a much larger volume. On the other hand, the torus domi-
nates the emission at short wavelengths; at 2 lm, more than 80% of
the flux measured with apertures P 100 comes from the torus even
though its image size is less than 0.0400 (Weigelt et al., 2004). This high-
lights a difficult problem that afflicts all IR studies of AGN. The torus
emission can be expected to dominate the observed flux at near IR be-
cause such emission requires hot dust that exists only close to the cen-
ter. But longer wavelengths originate from cooler dust, and the torus
contribution can be overwhelmed by the surrounding regions. There
are no easy solutions to this problem.

All in all, clumpy torus models seem to produce SED’s that are in
reasonable overall agreement with observations for the following
range of parameters (Nenkova et al., 2002; Nenkova et al., 2008a;
Nenkova et al., 2008b):

& Number of clouds, on average, along radial equatorial rays
N0 ¼ 5—15.

& Gaussian angular distribution with width r ¼ 30—50'.
& Index of power law radial distribution q ¼ 1—2.
& Optical depth, at visual, of each cloud sV ¼ 30—100.
& The torus extends from dust sublimation at Rd ¼ 0:4L1=2

45 pc to an
outer radius Ro > 5Rd.

The silicate features display in clumpy models a complex
behavior that cannot be reproduced with smooth-density distribu-
tions. Fig. 10 shows some model results for the spectral region con-
taining the features. The depth of the absorption features is never
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Fig. 8. Model spectra for dust IR radiation of a clumpy torus. In the bottom panel
the cloud distribution follows Eq. (9) with N0 ¼ 5;r ¼ 45' and q ¼ 1 in the
radial range Rd 6 r 6 30Rd. Each cloud has an optical depth sV ¼ 60. Models in
the top panel are the same, except that the angular distribution is uniform
within j b j6 r. Different curves show viewing angles that vary in 10! steps from
pole-on (i ¼ 0'Þ to edge-on (i ¼ 90'Þ. Fluxes are scaled with FAGN ¼ L=4pD2

(Nenkova et al., 2008b).
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Fig. 9. Fits of clumpy torus models to small-aperture (0.400) Gemini 8–13 lm
spectrum of NGC 1068, shown with heavy solid line. Symbols and thin solid line
between 8 and 13 lm mark all other data, which were not utilized in the fits. Filled
symbols denote measurements with aperture a < 0:500 , open symbols a > 0:500 .
Model spectra are for equatorial viewing and various parameters (for details see
Mason et al., 2006).

3 For discussion of ionization cones see lectures by Netzer, Peterson and Tadhunter.
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If	the	Torus	has	the	smooth	structure	depicted	in	the	Unified	Model	for	
AGN,	then	exists	a	maximum	angle	over	which	we	should	not	see	any	
emission.	This	is	NOT	what	seen	in	the	observed	distribu2on.	

EW�3.5
obs

Example	of	SED	fiIng	with	AGNfiLer;	green,	purple,	orange	and	blue	components	
represent	starburst,	torus,	galaxy	and	disk	emissions	respec'vely	

SED	stacking	for	sources	in	each	EW[OIII]	
bin	(in	the	same	fashion	of	the	one	
performed	for	op2cal	spectra),	realised	
ader	flux	normalisa2on	to	a	reference	
frequency		(log	ν	=	13.3	à	λ~15µm)	

Nenkova	et	al.	2008	

The	behaviour	of	the	IR	SED	as	a	func2on	of	EW[OIII]	is	that	
expected	from	the	emission	of	a	torus	when	the	line	of	
sight	intercepts	the	torus	from	a	face-on	to	an	edge-on	
posi2on,	in	agreement	with	the	theore2cal	models	by	
Nenkova	et	al.	2008.	Moreover,	the	fact	that	we	observed	
Broad	Emission	Lines	even	in	AGN	in	posi2ons	close	to	the	
edge-on	suggests	that	the	torus	is	clumpy.	

Method:	

#

10 S. Bisogni et al.

Table 6. Mean values of [OIII] and continuum at 5100Å luminosities distributions for each EW[OIII] bin.

EW[OIII] (Å) (1� 6) (6� 12) (12� 25) (25� 50) (50� 100) (100� 250)

log(L[OIII]) (ergs�1) 41.5± 0.4 41.9± 0.3 42.1± 0.4 42.4± 0.3 42.6± 0.3 42.9± 0.3

log(L5100) (ergs�1) 44.6± 0.4 44.6± 0.3 44.6± 0.3 44.6± 0.3 44.5± 0.3 44.5± 0.3

Figure 7. [OIII] �5008Å profile for each EW[OIII] representa-
tive spectrum. Profiles are normalized to their peak values.

(iii) The [OIII]/H� distribution shows the same high end
tail as EW[OIII].

(iv) The [OIII] line shows a blue tail whose intensity de-
creases moving from low to high EW[OIII]. The blueshift
similarly decreases with EW.

(v) The width of broad lines increases moving from low
to high EW[OIII].

(vi) FeII emission is prominent for low EW[OIII] and its
intensity decreases moving to high EW([OIII]).

(vii) Double peaked broad lines objects are more frequent
for high EW([OIII]) with respect to low EW[OIII].

Here we discuss the physical consequences of our results.

5.1 Distribution of EW[OIII] and EW([H�])

The distribution of EW[OIII] is relevant in two respects:
(1) the high-EW tail � = 3.5 fully confirms the scenario
of an isotropic emission of the [O III] �5008 Å line, with
intensity proportional to the illumination from the ionizing
source, and a disc-like continuum emission; (2) the ratio be-
tween the width of the intrinsic distribution and its peak
value is an estimate of the precision of the [O III] luminos-
ity as an indicator of the bolometric luminosity (which is
supposed to be dominated by the disk emission). From our
results, we conclude that an estimate of the bolometric/disk
luminosity based on the [O III] line has an uncertainty of a

factor of ⇠2. The possible reasons for the observed intrinsic
dispersion of EW[OIII] are variations in the covering fac-
tor of the Narrow-Line Region clouds as seen from the disc
and e↵ects of the dispersion in the optical/UV spectral en-
ergy distribution (the emission of the [O III] line is expected
to be proportional to the disk emission at the line ionizing

frequency of [O III], i.e. ⇠ 50 eV, while the continuum is
measured at the emission frequency). These e↵ects are dis-
cussed in Risaliti et al. (2011). We note that in principle
an increase in EW[OIII] could be due to dust reddening of
the disc component. In this case, however, the e↵ect of dust
reddening should be seen also on continuum spectra, while
we have shown in Section 3.1 that our selection ensures that
only blue objects are present (see also Tab. 4).

The distribution of EW(H�) strongly suggests a disc-
like emission of the line. The orientation e↵ects found in the
broad emission lines require the BLR to be not only flat, but
also optically thick to these lines. This is likely to be the case
for the H� line: for densities and column densities typical of
BLR clouds (n > 109 � 1010 cm�3 and NH > 1023 cm�2)
the optical depth of the Ly↵ line is expected to be higher
than 104, and the optical depth of the Balmer lines start
to be significant when ⌧(Ly↵) is higher than a few hundred
(Osterbrock & Ferland 2006).

Moreover, the distribution of R=[OIII]/H� confirms the
suggestion of a disk-like shape for the H� emitting region. If
the BLR geometry resembles that of the accretion disk then
this ratio is a close version of the EW[OIII] the di↵erence
between the two being determined by the larger height scale
of the disk of the BLR, probably caused by the presence of
turbulence in the gas componing this structure.

5.2 The [OIII] line profiles

The spectral results on the [OIII] emission line can be inter-
preted as a simple consequence of the increasing inclination
of the sources going from low EWs to high EWs.

In Fig. 11 [OIII] and [OII] 3727.092, 3729.875Å pro-
files are compared for each of the six stacks. The [OIII]
profile shows a prominent blue tail decreasing toward high
EW[OIII] while [OII] holds quite steady in all the bins.

The [OIII] blue component is due to gas in outflow from
the NLR towards a direction mostly perpendicular to the
plane of the accretion disk. In this scenario, the angle be-
tween the outflow direction and the observer line of sight is
the same as the disk inclination angle. The velocity compo-
nent along the line of sight is therefore

vobs = voutflow cos ✓ ' voutflow
EW [OIII]INT

EW [OIII]OBS
. (4)

The increase in the central velocity shift of the blue
[OIII] component with respect to the systemic velocity of the
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Figure 8. Velocity shifts for the main (left panel) and blue (right panel) [OIII] components with respect to [OII] velocity, representing
the systemic velocity for the host galaxy.

Figure 9. Cumulative distributions of EW[OIII] for the whole
sample (black, continuous line), the “unambiguous” double-
peaked quasars (red, dot-dashed), and the “possible” double
peaked quasars (blue, dotted line).

host galaxies (v[OIII]�v[OII]) has the same explanation: the
shift is more important when the object is face-on because
we are observing the outflow exactly along the line of sight
(Fig. 8 right panel) (the same result was found in Boroson
(2011)).

A somewhat more surprising result is the measured
blueshift in the [OIII] main component. This finding can be

explained as an indirect consequence of orientation e↵ects on
the global [OIII] profiles used by Shen et al. (2011) for the
estimates of the redshifts. Since we use redshifts from this
reference, we are obtaining an inclination dependent system-
atic shift: more face-on sources have a more prominent blue
tail, and so a bluer central � in the global profile. This bias
is instead negligible in edge-on objects (Fig. 8 left panel).

To give a more quantitative measurement of the [OIII]
profile degree of asymmetry we evaluate an asymmetry index
similar to that defined in Heckman et al. (1981) and based
on di↵erences between Inter-Percentile Velocities (IPV); the
asymmetry index is defined as

AIPV05�95 =
v50 � v05
v95 � v50

, (5)

where v05, v50 and v95 are the velocities corresponding to
the wavelengths including 5%, 50%, and 95% of the line to-
tal flux. Through this definition we are able to quantify the
asymmetry of a line; with a AIPV05�95 > 1 the line is charac-
terized by a blueward asymmetry, while for AIPV05�95 < 1
the line is more prominent in the red part of its profile.
The asymmetry index for each stack is reported in Tab. 5.
AIPV05�95 decreases moving towards high EW[OIII] in agree-
ment with the result in Fig. 7 (i.e. a blue tail becoming less
prominent at higher EW[OIII].

5.3 Broad line profiles

The number of studies supporting a non-spherical shape of
the BLR has constantly grown in recent years. Zhu, Zhang
& Tang (2009) analyzed the BLR profiles in SDSS quasars
and suggests that two components with di↵erent geome-
tries and physical conditions are needed to reproduce the
observed spectra; others studies also suggest the presence

c� 0000 RAS, MNRAS 000, 000–000
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reported in Tab. 3 is the nominal laboratory vacuum wave-
length for each line, used as a starting guess. The central
wavelength is however left free in the fitting procedure.

The line width is expressed in �, FWHM and Inter-

Percentile Velocity (IPV) width, defined as the di↵erence
in velocity between two reference wavelengths, �1 and �2,
including a fraction f of the total flux F:

Z �2

�1

fline(�)d� = fF (3)

(Whittle 1985). The values of �1 and �2 are chosen in order
to have a flux of 1�f

2 F in each of the excluded tails (i.e.
� < �1 and � > �2, respectively). This additional quantity
has been evaluated on broad lines best fit profiles to account
for broadening and on [OIII] best fit profiles with the aim
of defining an asymmetry coe�cient (see Section 4). For the
broad lines the width parameters are not a direct output of
the fits and, for this reason, the �, FWHM and IPVs have
been computed directly from the output fitted profiles. We
evaluated the errors on these quantities through a Monte
Carlo simulation. In doing this we have to take into account
that the (five) parameters defining a broad component are
not independent. In order to produce a reasonable Monte
Carlo extraction we have instead to deal with independent

parameters; so we made a change of parameters, choosing
combinations that make the covariance matrix diagonal. The
new independent parameters are distributed around their
central values, estimated from the old ones making use of
the transformation matrix. We performed 1000 extractions
for each new independent parameter to collect 1000 param-
eters sets from which we built a synthetic broad line. We
evaluated � and FWHM for each realization of the line and
computed the mean and the standard deviation of the 1000
synthetic profiles, finally getting an estimate of the error on
each parameter of the original profile.

4 RESULTS

4.1 Broad lines

As described in Section 2, the absence of the power law tail
in the distribution of the EW of broad lines suggests that
the BLR clouds share the same anisotropy as the accretion
disk. In this case both the flux of the broad lines and that
of the disk have the same dependence on the inclination
angle, making the ratio between lines and continuum fluxes,
i.e. the EW, no longer a function of inclination. The BLR
clouds should then orbit on a disk around the SMBH and
they must be optically thick to the broad emission lines.
If this is the case the velocity inferred by the observer from
the line widths should be only a fraction of the intrinsic one,
depending on the inclination of the source with respect to
the line of sight (specifically vobs = vint sin ✓).
The subsequent step of our analysis has been the study of
profiles as a function of EW[OIII] for H�, H↵ and MgII. Fig.
3 shows the broad profiles normalized to their peak values
for each subsample with a constant EW[OIII].

Figure 3: Broad components profiles; from top to bottom H�,
H↵ and MgII. Profiles are normalized to their peak values.

c� 0000 RAS, MNRAS 000, 000–000
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Figure 4. FWHM, � and IPV (90%) of the H� broad component as a function of EW[OIII].

Table 4. (4400 � 5400)Å slope continuum and broad component best fit FWHM, � and IPV(90%) of H�, H↵ and MgII for each
EW[OIII] bin.

EW[OIII] (Å) [1� 6] [6� 12] [12� 25] [25� 50] [50� 100] [100� 250]

(4400� 5400)Å slope �1.175± 0.001 �1.393± 0.001 �1.370± 0.001 �1.208± 0.002 �1.152± 0.003 �1.151± 0.007

H� FWHM (km/s) 3212± 32 3897± 38 4150± 41 4347± 43 4520± 45 4464± 45

H� � (km/s) 2874± 29 3285± 33 3345± 33 3520± 35 3708± 37 4203± 42

H� IPV(90%) (km/s) 9353± 94 10648± 106 10821± 108 11357± 114 11999± 120 13626± 136

H↵ FWHM (km/s) 2092± 21 2539± 25 2736± 27 2727± 27 3078± 31 2886± 29

H↵ � (km/s) 1803± 18 2064± 21 2137± 21 2301± 23 2349± 23 2374± 24

H↵ IPV (90%) (km/s) 5864± 59 6709± 67 6938± 69 7481± 75 7632± 76 7719± 77

MgII FWHM (km/s) 2335± 23 2876± 29 3107± 31 3487± 35 3770± 38 3956± 40

MgII � (km/s) 1850± 19 2051± 21 2305± 23 2586± 26 2475± 25 3143± 31

MgII IPV (90%) (km/s) 6021± 60 6652± 67 7482± 75 8395± 84 8016± 80 10209± 102

c� 0000 RAS, MNRAS 000, 000–000
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AGNfiger	(Calistro	Rivera	et	al.	2016)	was	used	to	obtain	the	SED	for	each	
object.	We	considered	data	(or	upper	limits)	from	WISE	(Wright	et	al.	
2010),	2MASS	(Skrutsie	et	al.	2006),	GALEX	(Mar2n	et	al.	2005)	and	SDSS	
(Shen	et	al.	2011).		

Torus	

The	width	of	the	Broad	Lines	increases	with	increasing	EW[OIII],	as	expected	when	observing	objects	
at	higher	inclina2ons	

The	absolute	value	of	the	velocity	of	the	[OIII]	blue	component	decreases	with	increasing	EW[OIII],	as	
expected	when	observing	objects	at	higher	inclina2ons	


