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[OIII] EW as orientation indicator

disk
Continuum emission from 
geometrically thin, optically 
thick accretion disk is 
expected to be anisotropic 

L
obs

= L0 cos ✓

NLR
[OIII] Line emission excited 
from AGN is expected to be 
isotropic (Mulchaey+1994; 
Heckman+2005) or mildly 
anysotropic (di Serego+97)

L[OIII],obs = L[OIII]

EW[OIII],obs = EW[OIII] / cos ✓



Expected distribution of EW[OIII]
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In the ideal world: can observe the entire population of AGN
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with no preferred line of sight

e.g., Netzer 1985, 1990



Expected distribution of EW[OIII]
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In the real world: can observe a flux limited sample
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Observed EW distribution

EW[OIII],obs = EW[OIII] / cos ✓ with no preferred line of sight

Risaliti, Salvati & Marconi 2011



Quasar sample
Quasar sample from SDSS DR7, EW[OIII] measurements from Shen+2011


Selection criteria:


“uniform” sample  
(flux limited sample)

z < 0.8  
(include [OIII] 5007 line profile)

average (S/N)pix > 5

!
!

Compare observed W[OIII] 
distribution with expected 
from L cos 𝜃 continuum 
anisotropy

Intrinsic

Observed

Observed 
expected



Observed distribution of EW[OIII]
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Slope is not a free parameter!



EW distributions of Broad Lines do not show -3.5 power law tail

L[OIII]/LBLR distribution has the same -3.5 power law tail as EW[OIII] 
distribution

Broad lines Luminosities behave 
like continuum luminosities,  
i.e.

EW[OIII] vs EW of Broad Lines 

V
L
BLR,obs

= L
BLR

cos ✓

Broad H𝛽, MgII, CIV are optically thick lines and BLR has a disk-like structure 
aligned with the accretion disk. (e.g. Wills & Brown 1986, Netzer 1987, Wills 
& Brotherton 1995, Goad & Wanders 1996, Smith+2005, Maiolino+2001, 
Jarvis & McLure 2006, Down+2010)
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The presence of the Torus
The torus (or T.O.R.U.S.) prevents observing objects with


	 	 	 	 	 i.e.✓ > ✓
max
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Observed distribution of EW[OIII]
NO “Torus cut” at high W[OIII] (𝜃max > 85deg). Also sources close to edge on 
observed!

� = �3.5
No torus?

Misaligned 
torus?

Clumpy torus?



It is possible to invert the distribution and use EW[OIII] as inclination 
indicator (also Boroson+11)

Inclination from [OIII] EW

100-250 Å

1-6 Å



Tests and consequences
!

Is the EW[OIII] distribution driven by continuum obscuration  
(i.e. obscuration toward the AD/BLR)?


!

Are there evidences for geometrical projection effects in BLR lines?


!

Are there evidences for geometrical projection effects in NLR lines?


!

What about the obscuring torus and IR emission?


!

Is there a physical interpretation for Eigenvector 1?



Average QSO spectra in EW bins
We are interested to average effects on the QSO population, not in intrinsic 
differences in a given EW[OIII] range …


spectral stacking in EW bins


entire sample of DR7 quasars 
to increase statistics (~12000) 
with EW[OIII] by Shen+11


no significant differences in 
stacks by using only targets 
from uniform sample 



EW[OIII] driven by continuum obscuration?

no significant changes in 
slope, no dust obscuration


also no change in AD 
spectrum …


!

!

host  
galaxy



Geometrical projection effects in BLR lines?

In high EW sources AD is expected to be seen edge on


BLR is “disky” like AD


BLR Line widths are expected to 
increase on average with EW[OIII]


Orientation effects in quasars 2229

Figure 4. Hβ linewidth, W(Hβ), versus EW([O III]) for our sample of 6029
quasars. The small green points represent each object in the sample, while
the large, blue points represent the average W(Hβ) in each logarithmic bin
of EW([O III]), with a width "[log(EW)] = 0.1. Lower panel: residuals with
respect to the average of the whole sample (the horizontal line in the upper
panel).

complex observed profiles require that the line is emitted, at least
in part, by a disc-like region.

The interpretation of the observed EW distributions of broad
lines as due to a flattened emission region can be tested comparing
the widths of the broad lines with EW([O III]): being EW([O III])
an indicator of the disc inclination, we expect on average a larger
physical width of the broad lines in objects with higher EW([O III])
(i.e. seen more edge-on). This check can be done easily for the
Hβ linewidth, which is available for the same sample providing
the [O III] measurements. The results are shown in Fig. 4. As for
the case of the average X-ray emission shown in Fig. 2, the in-
trinsic dispersion of the W(Hβ)–EW([O III]) relation is quite large,
and visually hides any correlation; nevertheless a positive corre-
lation becomes apparent if we plot the averages of W(Hβ) for
large enough EW([O III]) intervals (Fig. 4). Quantitatively, a lin-
ear fit to the points provides a line correlation coefficient r =
0.79, with a probability of null correlation P < 10−6. This correla-
tion further confirms the disc-like shape of the broad-line emission
region.

5 C O N C L U S I O N S

We have presented an analysis of the EW distributions of the [O III]
λ5007 Å, Hβ, Mg II λ2800 Å and C IV λ1549 Å lines in flux-limited
subsamples of the SDSS DR5 quasar catalogue. The main results
are the following:

(1) The distribution of EW([O III]) exhibits a high-EW tail per-
fectly consistent with a model where the [O III] emission is isotropic,

and the continuum emission is due to a randomly oriented optically
thick, geometrically thin disc.

(2) The distribution of EW([O III]) is not compatible with the
presence of a torus co-aligned with the disc and covering more than
a few degrees.

(3) The deviations of the observed hard X-ray fluxes with respect
to the average X-ray to UV correlation follow a trend with respect
to EW([O III]), suggesting that the X-ray emission is more isotropic
than the optical continuum.

(4) The EW distributions of the broad lines suggest that the
broad-line region has a flattened geometry, closer to that of the
optical continuum emitting disc than to that of the [O III] emitting
region.
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Geometrical projection effects in BLR lines?

Same results for  
H𝛽 and MgII !

low EW[OIII]

high EW[OIII]



Geometrical projection effects in BLR lines?



Geometrical projection effects in NLR lines?
In high EW sources accretion disk is 
expected to be seen edge-on


[OIII] is outflowing in ionisation cone  
(e.g. Fischer+13,14)


[OIII] outflow velocity should on average 
decrease with EW  
(eg. Boroson 2011)

[OIII] velocity maps of z~2.5 
QSOs showing conical outflows 
(Carniani+14)



high EW[OIII]

Geometrical projection effects in NLR lines?
In high EW sources 
accretion disk is expected 
to be seen edge-on


[OIII] is outflowing in 
ionisation cone  
(e.g. Fischer+13,14)


[OIII] outflow velocity 
should on average 
decrease with EW  
(eg. Boroson 2011)

low EW[OIII]



Geometrical projection effects in NLR lines?
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IR emission and the obscuring torus?
~All quasars detected by WISE


Average MIR SED in bins of 
EW[OIII] (normalized at 20 μm)

Nenkova+2008, Elitzur 2008

high W[OIII]

low W[OIII]
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IR emission and the obscuring torus?

?



IR emission and the obscuring torus?
~100 QSOs with SEDs from near-IR to far-IR


SED fitting and decomposition of AGN and host galaxy

Balmaverde+14

Cefalú 2014

Barbara
Balmaverde

Introduction

The sample

Properties of
the outflows

The star
formation rate

Results

Conclusions &
Discussions

The star formation rate

Disantangle the contribution from the AGN and from star-forming regions is not easy, expecially for
powerful Type 1 quasars. We rely on clumpy torus templates by .. and starburst templates by
Charlot&Elbaz.

SFRFIR(M⊙ yr−1) = (4.5× 0−44)LFIR erg s−1

Kennicutt et al. 1998

Barbara Balmaverde (Universitá di Firenze) Cefalú 2014 May 31, 2014 9 / 11

High EW[OIII] sources!



Eigenvector 1
At least part of the Eigenvector 1 (Boroson & Green 1992) could be 
ascribed to an inclination effect …

Hß-[OIII]

Face-on

Edge-on

see also Shen & Ho 14

1-6 Å

100-250 Å50-100 Å

6-12 Å 12-25 Å

25-50 Å



Conclusions
EW[OIII] distribution indicates that Accretion Disk emission is 
anysotropic: L = L0 cos 𝜃, as expected     

average spectra in EW[OIII] bins indicate L effect on EW[OIII] is not due 
to obscuration (i.e. high EW[OIII] sources are not obscured)  

EW[OIII] can be used as an orientation indicator:  
low EW[OIII] face on AD, high EW[OIII] edge on AD,


[OIII] outflow velocity anticorrelated with EW[OIII]


EWBLR distributions (CIV, MgII, H𝛽) indicate that BLR is anysotropic like 
continuum, i.e. BLR is disk-like


Confirmed by strict correlation of average BLR line widths and W[OIII]


Average color of MIR SED is correlated with EW[OIII]  
(i.e. edge on objects are redder, as expected from torus models)


Possible interpretation of Eigenvector 1 (anticorrelation of FeII and OIII): 
inclination effect 

Risaliti+11, Bisogni+14, stay tuned!


