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•  Present in most of the accreting objects, at various scales  
    (from proto-stars to AGNs) 

•  Different launching mechanism (thermal, radiation pressure, magnetic fields) 

•  Can reach relativistic velocities 
  
•  Strong effect/feedback on surrounding AGN environment  
    (e.g. star formation inhibition, Tombesi et al. 2015) 

•  Detected in different bands (UFOs in X-ray, BALs in UV/Optical…) 

Outflows facts 
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Fig. 1 Schematic figures explaining two important processes within supercritical accretion flow onto a black
hole (BH): disk wind (outflow) which occurs from disk surface (left) and photon trapping which is effective
deep inside the disk (right). The critical radii for these two processes are approximately the same; that is, they
occur simultaneously

do, since the directions of the inflow motion of gas and of out-going radiation could be
different. The critical radius is the spherization radius,

Rsph ≡
(
Ṁc2/LE

)
RS

inside which quasi-spherical outflow emerges (see the left panel of Fig. 1). There is another
critical radius, the photon trapping radius,

Rtrap ≡
(
Ṁc2/LE

)
(H/R)RS

inside which the photon diffusion time in the vertical direction exceeds the accretion time
(i.e., photons are “trapped,” see the right panel of figures, see also Chap. 10 of Kato et al.
2008).

We here wish to point out that significant photon trapping effects may lead to suppression
of radiation-pressure driven outflow, since some fraction of photons are trapped and directly
fall onto black holes without exerting strong radiation-pressure force.

Then, a question arises, which wins?
Since the pressure scale-height (H ) is comparable to the radius, H–R, the trapping radius

is on the same order of the spherization radius. That is, both effects work simultaneously but
in slightly different ways: the former process starts to work from the disk surface where
radiation-pressure force reaches its maximum, while the latter from the mid-plane of the
disk where the photon diffusion time reaches its maximum. To understand such complex
matter-radiation interactions we need to perform radiation-hydrodynamic and/or radiation-
MHD simulations. We also need long-term simulations to follow accretion motion of gas on
the viscous diffusion timescale.

Such long-term simulations have become possible only recently and have presented a
number of unique features, such as significant internal circulation, emergence of high veloc-
ity (∼0.1c) outflow, which carries large mass and momentum, anisotropic radiation, and so
on (Ohsuga et al. 2005; Ohsuga et al. 2009).

Radiation-induced outflow is realized even below the Eddington luminosity. Since line
opacity is greater than the electron-scattering opacity, matters can be pushed upward by line-
driven force. This process is extensively studied by Proga and his group (e.g., Proga et al.
2000b; Proga and Kallman 2002). More details will be discussed in Sect. 3.4.

2.4 Magnetically Driven Wind

Finally, we introduce the most ubiquitous mechanism; magnetically driven wind. We do not
require any special conditions for the occurrence of this type of wind unlike the previous
cases. In any situations where magnetic fields exist there is a possibility of magnetically
driven wind.

Ohsuga et al. 2014  
 



Figure 1: Left panel: plot from Vagnetti et al. 2010, showing ↵
ox

for RQ and RL BAL QSOs as a function of the
2500 Åspecific luminosity L

UV

. Note that only 1 RL BAL QSO is present. Right panel: Spectrum of the RL BAL
QSO 1624+37, taken with the WHT-ISIS spectrograph during our NIR/Optical campaign (Bruni et al. 2014, Bruni
et al. 2015 in prep.). The ticks above the emission lines indicate the wavelengths expected for redshift 3.371. A
horizontal bar indicates the C iv (1549 Å) BAL system, with outflow velocity 20300 – 28900 km/s. The central peak
in the C iv trough (presumably a dip in the absorption) has a velocity of 24800 km/s. The expected positions of
corresponding Si iv (1400 Å) and Nv (1240 Å) absorption troughs are indicated by horizontal bars. The mini-BAL
just blueward of the C iv emission line ranges in velocity 2400-3600 km/s.

• With this information, we will be able to plan follow-up X-ray spectroscopic observations,
in order to identify the presence of Ultra Fast Outflows (UFOs), superimposed to the BAL
phase, and thus studying the possible synergy of these two phenomena both in RL and RQ
BAL QSOs, as proposed by Fukumura et al 2010.

2 Technical Justification

We propose here to observe with the Chandra ACIS-S the 10 brightest objects in X-ray band,
from the RL and RQ BAL QSOs samples. The expected fluxes at 2-10 keV are estimated from
the bolometric luminosities listed in the seventh data release of the SDSS (DR7, Shen et al. 2011)
by assuming the kbol � ↵ox relation by Lusso et al (2010). We consider a typical ↵ox value of
-1.7 (Chartas et al. 2012), which corresponds to a kbol ⇠90. Our targets are very luminous in
the optical (i.e. (3-70)⇥1046 erg/s) and the ↵ox assumed gives us a lower limit on our X-ray flux
measurements. The expected X-ray fluxes at 2-10 keV assuming an X-ray power-law model with
a photon index of �=2 (our results are only slightly sensitive to the photon index) are shown in
Table 1.

Thanks to the redshift of the sample (z⇠3), a column density NH up to values of 1023 cm�2

will not a↵ect the expected flux. On average, we expect to detect 30 counts per target in the 0.5-10
keV band. The total requested time is 175 ks. The request of Chandra ACIS-S is justified by
the fact that this instrument will provide the lowest and most stable background level, which is
fundamental for the detection of such high-z and faint sources. In particular, 30 counts will allow
to detect each source at more than 5 sigma significance and to estimate the flux with less than 30%
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What do we call BAL QSO? 

•  Broad absorption lines in the blue 
side of UV lines (CIV, SiIV, MgII)  

•  Velocities up to 0.2c  

•  Present in 20% of QSOs 

•  Mild increase with redshift  
    (Allen et al. 2011) 
 
•  Variable on secular timescale  
    (Filiz Ak et al. 2012)  



BAL QSOs vs “normal” QSOs 

 X-Rays:    Emission intrinsically similar, BAL QSOs more absorbed  
     (Green et al. 2001, Gallagher et al. 2007) 

 Sub-mm, mm:  No differences (Lewis et al. 2003, Willott et al. 2003,  
       Priddey et al. 2007) 

 Mid-IR:   Similar properties (Gallagher et al. 2007) 

 Optical:   BALs more reddened, more highly polarized, UV absorption 
  (Goodrich 1997, Krolik & Voit 1998) 

 Near-IR:   Similar properties (Bruni et al. 2014, Rochais et al. 2014) 



 scheme of AGN 



Elvis (2000) 

 
 

Orientation Scenario (Elvis 2000)  

Explanations for the BAL phenomenon 



Explanations for the BAL phenomenon 

Orientation Scenario  

 PRO: 

 Naturally explains why BAL/non-BAL QSOs are so similar 

 Explains higher reddening/obscuration in BAL QSOs 

 CONTRA: 

 Explains higher polarisation (optical band) via resonant scattering 

 Variety of radio spectral indices  
  (Becker et al. 2000, Montenegro-Montes et al. 2008, DiPompeo et al. 2011,  
    Bruni et al. 2012) 

 Found both edge-on (FR II) and polar (strongly beamed) BAL QSOs  
  (e.g., Gregg et al. 2006, Zhou et al. 2006) 



Young or recently refueled quasars 
(Briggs et al. 1984; Lipari and Terlevich 2006) 

Evolutionary Scenario   

PRO: 

 Anticorrelation between radio-loudness and the BAL phenomenon 
  (Gregg et al. 2006) 

CONTRA: 

 Same cold and warm dust properties of BAL/non-BAL QSOs 
(Becker et al. 2000; Gregg et al. 2000, Kunert-Bajraszewska & Marecki 2007,  
Willott et al. 2004, Bruni et al. 2015) 

Explanations for the BAL phenomenon 



Radio continuum & polarization (Effelsberg, VLA, GMRT) 

Morphology & orientation (EVN, VLBA) 

Infrared spectroscopy: central BH mass estimation (TNG) 

Dust detection: (IRAM 30-m, APEX) 

Our observational campaign 



SED fitting 

Both for BAL (25) and non-BAL (34) samples 
 
Determination of the peak frequency 
 
 
 
q    
Evidence of low-frequency (older) 
components in some cases 
(12% BAL QSOs, 18% comparison QSOs) 
   

Bruni et al. 2012  
 

GPS:  32%  BAL QSOs  
 23%  non-BAL QSOs 

Results 



 
 
 
 
q   Spectral index 

q  Wide range of orientations 
  
 
  
 
 
 

steep:  68% BAL QSOs 
  50% non-BAL QSOs 

BALs ? 

SED fitting 

Results 
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pc-scale morphologies from VLBI 
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Fig. 1: Maps of BAL QSO 0849+27 from the FIRST survey (1.4 GHz, left), our JVLA observations (4.86 GHz, center), and our
VLBA observations (5 GHz, right). First contour is at 3-�. Note that the scale of the right panel is in mas.

deconvolved dimensions greater than zero in most cases, corre-
sponding to a fraction of the beam. Quantities for all sources at
the two frequencies are presented in Table 3, together with pro-
jected linear sizes.

These measurements confirm the presence of a low-
frequency, older radio component in some BAL QSOs, thus ex-
cluding that they are a subclass of young radio objects. The size
of these components is significantly larger than the values of a
few kpc measured for the high-frequency, unresolved, counter-
parts (see Bruni et al. 2012), thus suggesting di↵erent emitting
regions for the two. The flux densities found nicely fit with col-
lected data from surveys (see Fig. 2).

JVLA map of 0849+27

During our polarimetry campaign, we could observe the peculiar
BAL QSO 0849+27 with the JVLA at 4.86 GHz. The map of the
resolved structure of this source at 1.4 GHz, obtained from the
FIRST survey, was already presented in a previous work from
our group (Bruni et al. 2012). This resulted to be the most ex-
tended BAL QSO of our sample (44 arcsec, 382 kpc). We could
obtain a map at 4.8 GHz from our subsequent JVLA observa-
tion in 2011, taking advantage of the improved performance of
this instrument, and also a high resolution (pc-scale) map fo the
core component from our VLBA program (see Bruni et al. 2013).
Results are presented in Fig. 1. Four out of five components de-
tected in the FIRST data are visible in our JVLA map (A, B,
C, E), while the flux density of component D seems to drop
below the 3-� significance level. Total flux densities as mea-
sured at 4.86 GHz are 27.6±0.7 mJy, 2.0±0.2 mJy, 0.49±0.05
mJy, and 0.41±0.05 mJy for component A, B, C, E, respectively.
Components E was not classified in our previous FIRST map,
but given the clear detection we obtained in the JVLA map, we
extracted the flux density at the corresponding position in the
FIRST map, where a single contour was present. This results to
be 2.36±0.15 mJy. The obtained spectral index for these com-
ponents, are �0.53, �1.10, �1.78, and �1.41 for components
A, B, C, E, respectively. None of them show a flat spectral in-
dex (> �0.5), that usually identify the core for non-Doppler-
boosted components. Nevertheless, from our VLBA observa-

tions we could infer that core is component A, since at pc-scale it
shows a core-jet structure, with one of the two components (A1)
having a flat spectral index.

The peculiar morphology of this source, explored at both kpc
and pc scales, suggests a jet precession, or radio-activity phases
with di↵erent jet axes. In fact, trajectories connecting the core
(A) with the other components detected at kpc scale are all dif-
ferent, not permitting to identify one as the counter-jet of the
other. Moreover, the pc-scale structure shows a further launching
direction for the most recent component (A2), not corresponding
to any among the ones at kpc scale. In this scenario, the BAL-
producing outflow is launched in a certainly not young radio
source, with a complex behaviour, and multiple ongoing radio
phases.

4.2. SEDs shape from 235 MHz to 850 GHz

We present here a study of the SED shape for the objects in
this work. We implemented the new flux densities in the ones
from Bruni et al. (2012), spanning from 74 MHz up to 43 GHz,
in order to improve the overall frequency coverage. For three
sources (0756+37, 0816+48, 1335+02) we provide here a re-
vised flux density for the VLA measurements presented in Bruni
et al. (2012): for source 0816+48, during previous data reduction
the vicinity of a strong source led to an incorrect phase refer-
encing, resulting in an overestimated flux density measurement.
While for sources 0756+37 and 1335+02, our flux-extraction al-
gorithm missed the source, displaced of a few arcsec from the
map centre, due to atmospheric e↵ects. The revised values are
given in Tab. 2.

Flux densities at mm wavelengths

Best et al. (1998) presented a study of the grey-body dust emis-
sion of the radio galaxy 3C 324 (z=1.206). They implemented
radio observations in the GHz range with sub-mm data from
SCUBA (JCMT, Hawaii). The continuum emission in the mm-
band is related with the dust mass by the following formula:

S (⌫obs) =
Md(1 + z)kd(⌫rest)B(⌫rest,Td)

D2
L

, (2)

Article number, page 4 of 8

Results 

In some cases a complex morphologies, at also different scales, is 
present. Project size up to ~200 kpc. 

 
 

Different radio phases? 



Results 

NIR helps… 

BAL QSOs are less common in RL QSOs (Becker et al. 2001; Gregg et al. 2006) 
 
 
…we compared 16 RL vs 18 RQ BAL QSOs, through NIR spectra: 
 
•  BH mass distributions do not significantly differ 

•  Similar Eddington ratios                    similar accretion rates 

•  Similar dimensions for BLRs 

No clear differences in the central engine geometry / physics: 
same objects presenting BALs can become/have been RL?  

Bruni et al. 2014  
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Fig. 2: SEDs of the 18 BAL QSOs observed during the m/mm-wavelength campaign (x-axis: GHz; y-axis: mJy). 235 MHz and
610 MHz flux densities from the GMRT; 250 GHz flux densities from IRAM-30m; 345 and 850 GHz flux densities from APEX.
Measurements at other frequencies are taken from Bruni et al. (2012), or from our polarimetry campaign (see Sect. 3). Triangles are
3-� upper limits. Solid lines are parabolic or linear fits.
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Results 

New constraints from GMRT… 

CSS components arise when extending SED 
coverage 
 
Most of objects (~80%) are in a GPS or GPS+CSS 
phase 
 
CSS, older component suggests a restarting activity 

Not so dusty 

Only 1/17 (6%) sources observed at mm wavelengths 
present emission due to dust vs ~26% found by 
Omont et al. (2003) for QSOs 
 
BAL are dust-poor w.r.t. other QSOs? 
 
Possible feed-back on star formation? 

Bruni et al. 2015  
 



Conclusions 

 
No particular orientation, only steep-spectrum majority 

Indications of a young/restarting phase in radio-loud BAL QSOs 

Different morphologies, sizes from ~10 pc to ~200 kpc 

Dust-poor objects w.r.t. general QSOs, possible feed-back on star 
formation 
 
Same BH masses, BLR gemetries, Eddington ratios 
 

Are accretion-disk outflows precursors of radio jets? 
 





The BALs are most probably produced by outflows, 
but:  
 
①  with different possible orientations 

(recollimated outflows?) 

②  Present in different evolutionary stages of the 
QSO 

③  Probably as an intermittent phenomenon 
    (Filiz Ak et al. 2012) 
 

Conclusions 



Sample selection 

SDSS QSO  
catalogue IV 

FIRST  
catalogue 

> 30 mJy @ 1.4 GHz 
1.7 < z < 4.7  

 

536 RL QSOs  
 

 
 

25 RL BAL QSOs 
(AI>100 in CIV) 

 

34 non-BAL RL QSOs 
(Comparison) 

 



Results 

1) Morphology  

42CHAPTER 3. RADIO SPECTRA AND POLARIZATION PROPERTIES
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Figure 3.1: Maps of the resolved QSOs. The synthesised beam size is shown
in the lower left corner of the map. Levels are multiples of the 3-� flux density
value in mJy/beam, according to the legend. A cross indicates the SDSS
optical position.
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Figure 3.1: Maps of the resolved QSOs. The synthesised beam size is shown
in the lower left corner of the map. Levels are multiples of the 3-� flux density
value in mJy/beam, according to the legend. A cross indicates the SDSS
optical position.
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Figure 3.1: Maps of the resolved QSOs. The synthesised beam size is shown
in the lower left corner of the map. Levels are multiples of the 3-� flux density
value in mJy/beam, according to the legend. A cross indicates the SDSS
optical position.

q  8 resolved source with the VLA:  
    4 BAL + 4 non-BAL QSOs (16% vs 12%) 

q  Linear sizes from 20 to 400 kpc for both 

q  Similar morphologies 
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Figure 3.1: Maps of the resolved QSOs. The synthesised beam size is shown
in the lower left corner of the map. Levels are multiples of the 3-� flux density
value in mJy/beam, according to the legend. A cross indicates the SDSS
optical position.
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the sample for each couple of measurements, through the calculation of the
fractional variability and significance. For the sources resolved in the VLA
maps (see Sect. 4.1) we used the total flux densities. We adopted the frac-
tional variability index defined by Tornianien et al. (2005) as:

V ar�S =
Smax � Smin

Smin

(3.3)

The significance of the source variability was estimated using the �V ar

parameter as defined e.g. by Zhou et al. (2006),

�V ar =
|S2 � S1|p

�2
1 + �2

2

(3.4)

where Si and �i are the flux density and its corresponding uncertainty. We
consider as candidate variable sources those with �V ar � 4 and a fractional
variability � 20%. In the following we briefly discuss these cases.

Regarding the BAL QSO sample, 20 sources have the two measurements at
4.8 GHz and 17 have the two measurements at 8.4 GHz (16 of them in common
with the first group). In four cases we found �V ar > 4 and these sources are
listed in Table 3.6, where the flux densities, variability significance, fractional
variability and time interval are presented. None of these sources exceeds the
limit of 20% fractional variability.

30 of the sources in the comparison sample were observed at E↵elsberg
and the VLA at 4.8 GHz, and for 25 of them also both measurements are
available at 8.4 GHz. Seven of the sources have variability significance above
4 at one or both frequencies and they are listed in Table 3.6. 1005+48 shows
modest variability, just at the considered threshold. 0029�09 and 1521+43
show both a high variability significance, �V ar > 10, and a high fractional
variability, ⇠ 40-50 per cent, with 1521+43 being the most extreme case,
showing in fact large variations at the two frequencies. The remaining variable
source, 1411+34, is resolved at the VLA (see Sect. 4.1). It shows variations
at the two frequencies at a level 20-40 % with significance 5-7�. Since for this
case we found the lower flux densities at the higher resolutions, the measured
variability for this source could be due to resolution e↵ects and therefore it
cannot be considered as a bona fide intrinsic variable candidate.

Summarizing the results from the comparison between VLA and E↵elsberg
data, we found three sources with likely intrinsic variability, 0029�09, 1005+48
and 1521+43, all of them in the comparison sample. 1411+34 (non-BAL QSO
sample) shows flux density variations that could be due to resolution e↵ects.
Given the low number of variable sources, it is not possible to firmly state
whether BAL and non-BALs have di↵erent variability behaviour, although
our data suggest a lower fraction of variables for the BAL QSO sample.

The BAL QSOs 1159+01, 1603+30 and 1624+37 were also included in the
Montenegro-Montes et al. (2008a) sample. We studied the possible variability
of these sources comparing the flux densities at various frequencies in this work
with those reported at Montenegro-Montes et al. (2008a), considering the same
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q  Calculation of the flux-density variability 
    (4.8 and 8.4 GHz; Var>20%; σvar>4) 
 
q  1 BAL vs 3 non-BAL QSOs present variability 
     
q  Results confirmed by the variability study of 

the RBQ sample (20% vs 14%)  
    (Montenegro-Montes e al. 2008) 
 
   Polar orientation is not preferred 
 
 



5) Polarimetry 
 
 
q   Polarisation percentage 
 
q   Rotation Measure 
 
  
  

Bruni et al. 2012 
 

~ 1-10% Similar to non-BAL QSOs 

800<|RM|<3500 rad/m2 , 1 outlier 

Benn et al. (2005) 
(-18350±570 rad/m2) 

RM [10^4 rad/m^2]
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Results 

q  82% of sources are resolved at pc-scale 

q Different morphologies imply different possible orientations 

q Missing flux in some cases, possibly due to extended 
components. 

q  Linear sizes up to 200 kpc from previous VLA observations: 
not all sources are young/compact. 

 
 



q   BAL QSOs are 4 time less common among QSOs 
     with R*>2 (Stocke et al. 1992) 

q   FR II BAL QSOs found by Gregg et al. (2006) with strong 
anticorrelation between Radio-Loudness and BAL strength  

Why are RL BAL QSOs rare? 

BAL QSOs                              RL QSOs 

Evolutionary track? 



Near-Infrared observations 

q  TNG-NICS spectroscopic 
observations of 16 RL + 18 RQ BAL 
QSOs, optically bright (r<19) 

 
q  Low resolution (R~50) but  
    high-sensitivity, with the  
    AMICI prism (0.85-2.4 microns). 
 



 Mass of the BH from FWHM of MgII and Hβ  

Vestergaard et al. 2006 
 
 
Vestergaard & Osmer 2009 
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present, and the central black hole mass can be an important variable for the
dynamics of the central environment of the AGN.

In literature various relations are present to infer the mass of the central
BH from single epoch spectra: these are empirical relations, derived from Re-
verberation Mapping (RM, see Peterson (2011) for a review), related to the
FWHM of the strong UV emission lines in the optical-UV domain (C iv, Mg ii,
H�) and with the continuum luminosity at a given wavelength. These rela-
tions are applicable with the caveats that no absorption is present in the line
profile, and a good signal to noise (S/N) ratio is available from measurements,
otherwise the low-precision FWHM measurement can introduce errors or even
systematic biases in the final estimate. For this reason (and also because at our
redshift range only Mg ii and H� are present in the NIR window) we decided
to discard the C iv line from this kind of analysis, since it presents the BALs
feature, and avoid the use of SDSS data for that line.

Another important condition to perform a good estimate through scaling
relations, is that the chosen formula are on the same mass-scale: nowadays the
only sets of relations for H� and Mg ii with this property are those presented
by Vestergaard et al. (2006) and Vestergaard & Osmer (2009) respectively.
Thus, the two relations we used for our estimate are the following:

MBH [M�] = 106.86


FWHM(MgII)

1000 km s�1

�2 
�L�(3000 Å)

1044erg s�1

�0.50

(6.1)

from Vestergaard & Osmer (2009), where L�(3000 Å) is the rest-frame lumi-
nosity at 3000Å. This relation is given with a 1-� scatter of 0.55 dex.

The second estimator we use is derived by Vestergaard et al. (2006), and
related with the H� line:

MBH [M�] = 106.91


FWHM(H�)

1000 km s�1

�2 
�L�(5100 Å)

1044erg s�1

�0.50

(6.2)

where L�(5100 Å) is the rest-frame luminosity at 5100Å. This relation is given
with a 1-� scatter of ±0.43 dex.

These relations take advance of the most recent updated analysis of the
reverberation mapping sample (Peterson et al. (2004)) and of the improved
radius-luminosity (R-L) relations between the BLR size and continuum lu-
minosity (Kaspi et al. (2005); Bentz et al. (2006)). Results are presented in
Tables 6.4 and 6.5, together with the FWHM of the lines as extracted from
the spectra and the continuum luminosity. We applied the K-correction both
to the continuum and the FWHM.

Masses can span in more than one order of magnitudes for both samples
and for both the estimators used. The medium values obtained for the two
distributions are 1010.02M� (� = 100.40) and 109.91M� (� = 100.56) respectively
for RL and RQ BAL QSOs. Estimates from the H� emission line give a
similar range of masses, with a mean value of 109.66M� (� = 100.23) for RL
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 Eddington ratio and BLR radius  
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Figure 6.1: Distributions of the BH masses for the RL (black) and RQ (grey)
QSO samples, estimated from the Mg ii (left) and H� (right) lines.

and 109.68M� (� = 100.55) for RQ objects. We do not see any significative
di↵erence between the BH masses estimated for RL and RQ BAL QSOs.

It is worth noting that the scatter in both relations 6.1 and 6.2 of respec-
tively 0.55 dex and 0.43 dex is an important constraint comparing masses.
Considering this large inherent error, a discrepancy of at least 3-� between the
two means would be necessary to indicate an intrinsic di↵erence between the
distributions of BH masses for the two groups of BAL QSOs.

6.4.2 The Eddington ratio

From the continuum luminosity we can derive another quantity useful to test
the di↵erences between the two group of BAL QSOs: the Eddington ra-
tio. Kaspi et al. (2000) derived the following formula for the calculation of
the Eddington ratio, roughly estimating the bolometric luminosity as Lbol ⇡
9�L�(5100Å):

Lbol

LEdd

⇡ 0.13

✓
�L�(5100 Å)

1044 ergs s�1

◆0.5

. (6.3)

The Eddington ratios for the RL and RQ BAL QSOs are in Table 6.4 and
6.5. All the objects (both RL and RQ) results to have super-Eddington lumi-
nosities, with a mean value of respectively 2.52 and 2.80. This can be due to
selection e↵ect, since only the most luminous BAL QSOs in the optical band
were considered for our sample, implying an higher luminosity also at NIR
wavelengths. No significant di↵erence is present between the two samples.

6.4.3 Broad Line Region radius

Vestergaard et al. (2006) derived the relation 6.2 starting from the Broad Line
Region (BLR) radius, obtained from RM, and from the velocity of the H� gas
approximated from the FWHM of its broad emission line. It has been found
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that the BLR region is correlated to the continuum luminosity (Kaspi et al.
(2000, 2005)). Bentz et al. (2006) updated these results taking into account
the contribution of the host galaxy starlight. This last version is consistent
with the method of Vestergaard et al. (2006), and is the following:

RBLR = A ·


�L�(5100)

1044erg s�1

�0.5

lt � days (6.4)

where the coe�cient A is the scaling factor. The principal di↵erence with
respect to the formula proposed by Kaspi et al. (2005) is the value of the
exponent of the luminosity, given as 0.69±0.5 in that work, and corresponding
to the slope of the correlation in logarithmic scale. The value of A, as the
value of the slope, depends on the method used to interpolate data (BCES or
FITEXY, see the papers for further details): both authors use the two methods
and compare the values obtained for the scaling factor. In this work we decided
to use the mean value proposed by Kaspi et al. (2005) for the scaling factor
(A=22.3±2.1), and apply the correction provided by Bentz et al. (2006) for
the slope.

Also in this case no clear di↵erences are present between RL and RQ BAL
QSOs: we have obtained a mean BLR radius of 481 light-days for the first
group (�=142) and 433 for the second (�=198), suggesting similar dynamics.

6.5 Results from the SDSS DR7 Quasar Cat-
alogue

Shen et al. (2011) provides a catalogue of Quasars properties from the SDSS
DR7 (Schneider et al. 2010), including BAL classification, Radio-Loudness
parameter R (as defined in Stocke et al. 1992) and virial BH mass estimates
based on di↵erent emission lines. With these data it is possible to study the
spectroscopic properties of RL vs RQ BAL QSOs and BAL QSOs vs non-BAL
QSOs with a better statistics. Since our combined samples of RL and RQ BAL
QSOs are composed only from the brightest object in r band, we preferred not
to compare with the catalogue BAL samples, in order to avoid biases due to
the selection process.

Among the 105783 QSOs included in the catalogue, 6214 (⇠6%) are classi-
fied as BAL QSOs and the remaining 99569 (⇠94%) as non-BAL QSOs or ob-
jects with no su�cient wavelength coverage for BAL classification purposes; a
fraction of BAL QSOs could still be hidden in this sub-sample (⇠8%, restoring
the ⇠15% BAL fraction known from literature, see chapter 1). Among these
BAL QSOs only 139 (⇠2%) are RL and 5679 RQ (⇠91%), considering as RL
all the BAL QSOs with log R > 2 and RQ all the objects with log R < 0.5, as
done in Stocke et al. (1992). The remaining 7% has 0.5 < log R < 2. These
percentages confirm the rarity of RL BAL QSOs, since in the whole catalogue
4819 objects (5%) are RL QSOs, more than two times the percentage found
among BAL QSOs only.

Kaspi et al. 2000 
 
 
 
Kaspi et al. 2000, 2005 
Bentz et al. 2006 

q   Similar values for Eddington ratios:  
   1. all super-Eddington (selection effect) 
   2. mean values of 2.41 vs 2.92 

 
q  Similar values for BLR: 427±191 vs 501±155 light-days 
 
 



 Results from the SDSS DR7 QSO catalogue 
                                          (Shen et al. 2011)  

q   69 RL vs 3369 RQ BAL QSOs 

q   3650 BAL vs 79650 non-BAL QSOs 

q   means within ±1 sigma for RL vs RQ BAL QSOs 
 

RL vs RQ BALs BALs vs non-BALs 



 Results from the SDSS DR7 QSO catalogue  

 
    Excess of super-Eddington objects among BAL QSOs: 

               13% vs 2%        26% vs 13% 

         BALs vs non-BALs             RL BALs vs RQ BALs 

 
q   High accretion rates required to trigger the BAL 

phenomenon? 

q   BH mass is not responsible for the rarity of RL BAL QSOs 
 
 

(Bruni et al. 2014, in prep.) 
 
 
 


