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The composite quasar spectrum from the Sloan DSS   (Van den Berk et al. 2001; Marziani et al. 2006) 

Quasars’ optical and UV  spectrum 

broad and narrow lines 
emitted by ionic species 
over a wide range of IPs

Broad Narrow

High Ionization CIVλ1549, HeII [OIII]λλ4959,5007,
HeII,NeIII

Low Ionization
Balmer (Hβ), FeII, 

MgIIλ2800, CaII IR 
Triplet)

Balmer, [OI]λ6300, 



Prototypical Narrow  
Line Seyfert 1 

Quasars do not all show  
the same spectrum! 

Widely different  
line profiles, intensity 
ratios, ionization level



Internal emission line shifts
involve both broad and narrow linesl

Eracleous & Halpern 2003
c.f. Hu et al. 2008

Zamanov et al. 2002

Narrow low-ionization lines such as narrow Hβ  and [OII]λ3727 
best for systemic redshift

Lines do not all  show the same profiles! 

Hewett and Wild 2010

Quasar systemic redshift more uncertain if z>1



Internal emission line shifts

A first contextualisation 
(radio quiet vs. radio loud)

Sulentic et al. 1995Tytler & Fan 1992; Gaskell 1982

HIL blueshifts provide evidence of outflow 
require rest frame knowledge and proper contextualisation



(4D)Eigenvector 1 quasar contextualization at low-z

Interpretation of the CIVλ1549 emission line profile
evidence of outflows

analysis of the CIVλ1549 line at high-z and very high L 
with coverage of Hβ-spectral range 

extreme outflows  
(weak lined quasars, (WLQ)s, extreme Pop. A quasars)  

feedback on host galaxy?



4DE1 contextualization



Organizing quasar spectral diversity —  
Quasars’ (4D)Eigenvector 1

Boroson & Green 1992; see also Gaskell et al.  1999   
 Originally defined  by a Principal Component Analysis of 

PG quasars, and associated with an anticorrelation  between 
strength of FeIIλ4570 and   width of Hβ 

Found in several independent samples   
(Dultzin-Hacyan et al. 1997;   Shang et al. 2003, Yip et al.2004, Sulentic et al. 2000, 2007,   Kruzcek et al 2011  

Tang et al. 2012); Recently confirmed by an analysis of SDSS data  (Shen & Ho 2014, Sun & Ho 2015)

Found for multi-dimensional parameter spaces
(Kuraszkiewicz et al. 2008; Mao et al. 2009; Grupe 2004, Wang et al. 2006; Bachev et al. 2004; Sulentic et al. 2007)

  
 The 4DE1 space of Sulentic et al. includes   

    CIVλ1549 line shift and   soft-X ray photon index 

Eigenvector 2: luminosity effects “Baldwin effect(s)”
e.g. Balwin et al. 1978, Bian et al. 2005



Optical plane of Eigenvector 1:
Spectral types in bins 
along a 1D sequence;

Population A and population B 

Sulentic et al. 2002

Pop. A

Pop. B



UV correlates of 
Eigenvector 1:

UV diagnostic  ratios
and CIV 1549 profile:

blueshifted excess

Bachev et al. 2004, 
Marziani e al. 2010

Pop. A Pop. B



Pole-on

Highly inclined

Fixed black hole mass Varying black hole mass, average orientation

Optical plane of 4DE1: a sequence of Eddington ratio  
with significant orientation and black hole mass effects

Increasing Edd. ratio

Increasing Edd. ratio

Massive

Low-mass

Marziani et al. 2001; Zamanov & Marziani 2002, cf. Shen & Ho 2014, Sun & Shen 2015

Ionization parameter U =

R +1
�0

L⌫
h� d�

4⇥rBLRnec
written as a   function of L/MBH and MBH

assuming virial broadening, FeII and line width orientation dependence, L∝ra



Observed 
parameter

Physical 
interpretation

Accretion-
related

parameters

RFeII=I(FeII)/
I(Hβ)

ionization 
degree

col. density, Z
L/LEdd

FWHM(Hβ)
velocity field of 
low-ionization 

gas

L/LEdd, MBH, 
orientation

CIVλ1549 
Shift

velocity field of 
high-ionization 

gas

L/LEdd, 
orientation

Γsoft (0.2-2 
KeV)

Compton thick / 
accretion disk 

emission? 
L/LEdd

The 4D Eigenvector 1 space of quasars

Optical 
plane

of 4DE1

spin axis

 line of 
sight 

accretion disk
black hole

}



spinning 
black 
hole

radio 
axis  radio 

jet

High-
ionization

winds

High-
ionization

winds

low-ionization 
gas accretion 

disk

low-ionization 
gas

line-of-sight

Type-1 
(unobscured)

High-
ionization

winds

low- and high-
ionization 

gas

geometrically 
thin

accretion disk

low- and high-
ionization gas

Pop. A Pop. B

Pop. A/B transition: geometrically thick/thin disk?

Type-1 
(unobscured)

Abramowicz et al. 1988, Shakura & Sunyaev 1973

TorusTorus

Not drawn to scale



Interpretation of the CIVλ1549 emission line profile



Blueshifted component 
(BLUE): strong in Lyα, 
CIVλ1549, HeIIλ1640

“Broad Component”(BC) 
strong in all low ionization 

lines: FeII, MgIIλ2800, Hβ

“Very Broad Component”  
(VBC FWHM∼10000 km s−1)  

redshifted: strong in Lyα, 
CIVλ1549, HeII, Balmer lines 

absent in FeII 
Marziani et al. 2010

Strongest emission lines along the 
4DE1 sequence can be empirically 

reproduced by three main components



lo
g 

U

Blueshifted component physical conditions
Results of Cloudy 08.00 (Ferland et al. 1998,2013) simulations 

as a function of density and ionization parameter U

BLUE consistent with high ionization  (U~10-1±0.5) 
and moderate density (nH~109.5±0.5 cm-3)

lo
g 

U

log n log n

Lyα/Hβ CIV/Lyα

HeII/CIV CIII/CIV 



Blueshifted 
component:

large 
Lyα/Hβ>30 

Very different from 
the other 

components for 
which 

Lyα/Hβ ~ 5 - 10

Nc=1021 cm-2

Nc=1022 cm-2

fc=1

Matter bounded 
emitting region?



Interpretation of the heuristic decomposition 
of the broad profiles: “stratification”

broad component  →   lower ionization Broad Line Region 
line broadening predominantly virial; FeII, CaII emission

 very broad component  → 

high-ionization inner Very Broad Line Region (VBLR)
emitting no FeII and showing lower continuuum responsivity 

(Snedden & Gaskell 2007; Goad & Korista 2014).

 
 blueshifted component → outflow/wind     



CIV 1549 blueshifted emission

LIL  
emission

Elvis 2000; Collin-Souffrin et al. 1986

Heuristic model(s)

Explains 
most 
striking  
observations 
of blueshifts 
in Pop. A 
sources  

line-of-sight



Analysis of CIVλ1549 at high-z and high-L
maximizing luminosity effects



ESO VLT ISAAC

FORS 
R = λ/δλ~ 

1000 - 1500 
optical 

Galileo TNG

R = λ/
δλ~1000 
sZ,J,H,K

Dolores  
R = λ/
δλ~500 
optical 



Boyle et al. 2000

The sample at high luminosity
Rare, extremely  

luminous quasars

HST 
FOS

A control sample 
at low z and 
luminosity

130 HST/FOS 
CIV observations

Sulentic  et al. 2007



52  HE quasars observed with ISAAC in the Hβ 
spectral range (yielding reliable rest frames),

for   32 CIV was observable from ground 
(28 actually observed)

The sample at high luminosity

Pop. A Pop. B



Pop. A Pop. B

CIVλ1549: high amplitude blueshifts 



The “Baldwin effect”

Consistent with 
Bian et al. (2005)

Still explainable 
by a dependence 

on Eddington 
ratio and selection 

effects

Bachev et al. 2004; Baskin & Laor 2005 
Sulentic et al. 2007; Marziani et al. 2008

Filled: Pop. A  
Open: Pop. B 
Circles: RQ 
Squares: RL



CIVλ1549 line profile parameterisation

line centroids at fractional intensity
independent from multi-component decomposition 

 

Pop. A Pop. B



Blueshift distribution as a function of luminosity

All and Pop. A; FOS + HE All and RL; FOS + HE

Shaded  
Pop. A 

Shaded  
RL 

Consistent with result from SDSS  

Richards et al. 2011



HIL

Pop. A

Pop. B
LIL

Pop. A
Pop. B

RQ
RL

No strong effect of Radio Loudness on LIL profiles, only on HILs.  

Contextualization for High Ionization Lines

Hβ RL vs RQ  
Pop. B  



Large blueshifts are apparently more frequent at high 
L but shift amplitudes at lower L are comparable

“Dynamical relevance”  
of CIVλ1549 shift

Filled: Pop. A  
Open: Pop. B 
Circles: RQ 
Squares: RL



Blueshift  trends are consistent  
with a radiation-driven wind 

Using 2×c(1/4) as a 
proxy of terminal 
velocity

Filled: Pop. A  
Open: Pop. B 
Circles: RQ 
Squares: RL

Assuming:

Laor & Brandt 2002



Correlations with 
4DE1 parameters 
FWHM(Hβ)   
RFeII=F(FeIIλ4570)/F(Hβ)

Pop. A 
RQ  
only

Filled: Pop. A  
Open: Pop. B 
Circles: RQ 
Squares: RL



High-L HE quasars in the optical plane of the 4DE1

FOS HE  

Luminosity (Mass) effect visible in a systematic increase of the minimum 
FWHM possible for a sub-Eddington radiator 

Filled: Pop. A  
Open: Pop. B 
Circles: RQ 
Squares: RL 

c(1/2)≤-1000 
-300 ≥c(1/2) > -1000 
-300 < c(1/2) ≤ 300 
300 < c(1/2) ≤ 1000 
c(1/2) > 1000



Virial Black Hole Mass & Eddington ratio

rBLR

FHWM
σ  

FWZI

MBH =
fr(�v)2

G

geometry
dynamics

 Keplerian velocity field: the BLR 
dynamics dominated by the gravity of a 

central  mass;  v ∝ r-1/2

for large samples: r ∝ L1/2 →  MBH = MBH(L, FWHM)  
(Vestergaard & Peterson 2006; Trakhtenbrot & Netzer 2012) 

valid for low-ionization lines
  Hβ and MgII λ2800 

Bolometric correction not trivial especially at high L  
(Richards et al. 2006; Runnoe et al. 2013)



Largest CIVλ1549 blueshifts 
are observed  at high L/LEDD 

but not necessarily at high 
MBH or high L

Filled: Pop. A  
Open: Pop. B 
Circles: RQ 
Squares: RL

c(1/2)≤-1000 
-300 ≥c(1/2) > -1000 
-300 < c(1/2) ≤ 300 
300 < c(1/2) ≤ 1000 

c(1/2) > 1000



Extreme outflows in extreme quasars



Shemmer et al. 2009

Low equivalent width of CIVλ1549 (≤10 Å) and Lyα (≤16 Å) 
Diamond-Stanic et al. 2009

CIVSiIV+OIV]
AlIII+SiIII]

FeII+FeIII

Weak Lined Quasars (WLQs)



W(CIV) vs CIV shift

W(CIVλ1549) vs CIV shift

Filled: Pop. A  
Open: Pop. B 
Circles: RQ 
Squares: RL

c(1/2)≤-1000 
-300 ≥c(1/2) > -1000 
-300 < c(1/2) ≤ 300 
300 < c(1/2) ≤ 1000 

c(1/2) > 1000



CIVλ1549 profiles show   
extreme blueshifts



UV spectrum 
consistent with

extreme A quasars 
revealed at both high 
and low luminosity, 

radiating at high 
Eddington ratio

(Dultzin et al. 2011; Negrete et al. 2012
Marziani & Sulentic 2014)

High z!



Plotkin et al. 2015

WLQs in the optical plane of 4D Eigenvector 1
Most —all of the ones at high-z — are extreme Pop. A sources  
with RFeII > 1, with CIV showing extreme outflow velocities

Filled: Pop. A  
Open: Pop. B 
Circles: RQ 
Squares: RL

c(1/2)≤-1000 
-300 ≥c(1/2) > -1000 
-300 < c(1/2) ≤ 300 
300 < c(1/2) ≤ 1000 

c(1/2) > 1000



The most powerful outflows: feedback?



Fabian 2012; Rupke & Veilleux 2011; Tombesi et al. 2010; Reeves et al. 2009

The observational evidence  
of  the active nucleus  

feedback is still debated 

Large 
Balnicity 
index  
BAL QSOs 
are a 
minority of 
quasars 

UFO



CIVλ1549 blue 
component    

a fraction of the line emitting  
gas is above the expected  

projected escape velocity at  
r ~ 1000 Rg. 

Full and BLUE line L (shaded)

King & Pounds 2015; Faban 2012; Cano.Diaz et al. 2014



Conclusions

4DE1 provides an interpretation framework at   extreme   
luminosity.  

 

The CIV analysis   reveals blueshifted emission   
associated with quasars outflows in RQ quasars, with 

high amplitude shifts being frequent at high L. 

“Unexpected” luminosity effects are not seen: larger  
CIV shifts are expected for a radiation driven wind. The 

outflow phenomenology is self-similar over a wide 
range of  L.

The CIV blueshift-dominated profile  in the most luminous 
sources supports   the idea that the  outflow may be at the  

origin of galactic-scale feedback effects. 


