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Quasar Jets vs. WindsQuasar Jets vs. Winds

Jets:Jets:
1. Relativistic, highly collimated1. Relativistic, highly collimated
2. Relevant for galaxy groups and clusters2. Relevant for galaxy groups and clusters
3. Rare3. Rare

Winds:Winds:
1. Sub1. Sub--relativistic, wider opening anglerelativistic, wider opening angle
2. Relevant for massive galaxies2. Relevant for massive galaxies
3. Common3. Common
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Normal QuasarNormal Quasar

Lyα CIV     MgII Hβ Hα 



voutflow ~ (0.03-0.2)c

Broad Absorption Lines
(P Cygni profiles)

Quasars with Outflows: BAL QuasarsQuasars with Outflows: BAL Quasars**

Lyα/NV               SiIV CIV

*~20%*~20% (Hewett & Foltz 2003; Dai et al. 2007)(Hewett & Foltz 2003; Dai et al. 2007)



Two Extreme ExplanationsTwo Extreme Explanations

Cocoon vs. DiskCocoon vs. Disk--windwind

The wind covers all of the sky 
for 20% of the time.

The wind covers 20% of the 
sky for all of the time.
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Sample LBQS BAL Quasar Sample LBQS BAL Quasar SEDsSEDs.. (Gallagher et al. 2007)(Gallagher et al. 2007)



BAL Quasar Composite SEDBAL Quasar Composite SED
5000 Å8 μm 2 keV

Comparison SED: SDSS luminous (Comparison SED: SDSS luminous (LLbolbol > 10> 1046.246.2 erg serg s--11) composite ) composite 
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BAL Quasars: BAL Quasars: notnot midmid--infrared brightinfrared bright

LBQS LBQS BALQsBALQs and SDSS comparison sample and SDSS comparison sample —— statistically statistically 
indistinguishable. indistinguishable. 



IRS Spectrum of BAL Quasar IRS Spectrum of BAL Quasar 
PG 2112+059PG 2112+059

((MarkwickMarkwick--Kemper et al. 2007)Kemper et al. 2007)

silicatessilicates



Evidence for Clumpy, DustEvidence for Clumpy, Dust--Forming WindForming Wind

Presence of corundum indicates density Presence of corundum indicates density inhomogeneitiesinhomogeneities while while 
cooling; crystalline silicates require replenishment. cooling; crystalline silicates require replenishment. 

((MarkwickMarkwick--Kemper et al. 2007)Kemper et al. 2007)



Two Extreme ExplanationsTwo Extreme Explanations

Cocoon vs. DiskCocoon vs. Disk--windwind

The wind covers all of the sky 
for 20% of the time.

The wind covers 20% of the 
sky for all of the time.



The Dusty OutflowThe Dusty Outflow

(Adapted from Königl & Kartje 1994)

The inner radius of the dusty outflow is The inner radius of the dusty outflow is 
set by the temperature at which dust set by the temperature at which dust 
sublimates:sublimates:

r=1.3(Lr=1.3(Luvuv/10/104646))½½(T/1500)(T/1500)--2.8 2.8 pcpc



Conclusions IConclusions I

No evidence for midNo evidence for mid--IR excesses in BAL IR excesses in BAL 
quasars.quasars.
No evidence we are looking No evidence we are looking throughthrough the dusty the dusty 
outflow from IRS spectra.outflow from IRS spectra.

→→ ““cocooncocoon”” picture is not supported for bulk of picture is not supported for bulk of 
BAL quasar populationBAL quasar population

We may be seeing dust We may be seeing dust formingforming in the wind.in the wind.



A Model for A Model for AllAll RadioRadio--Quiet QuasarsQuiet Quasars

(Gallagher et al. 2002a: Adapted from Königl & Kartje 1994; Murray et al. 1995)

XX--ray continuum sourceray continuum source
~light hrs (10~light hrs (101414--15 15 cm)cm)

UV/optical continuum sourceUV/optical continuum source
~light hrs~light hrs--days (10days (101616 cm)cm)

UV emission lines
~light yr (1017 cm)



Two Views Through the WindTwo Views Through the Wind

UV
X-ray

shielding shielding 
gasgas

BAL WindBAL Wind

Broad Absorption Line 
(BAL) Quasars



XX--ray and UV Continuum Emitting ray and UV Continuum Emitting 
Regions Are Not Regions Are Not CospatialCospatial

From gravitational From gravitational 
micromicro--lensinglensing..

((KochanekKochanek et al. 2007)et al. 2007)



Γ = 2

N
H

 =

X-ray Absorption by Neutral Gas

(assuming solar metallicity)

almost optically thick 
to Compton scattering



XX--ray Spectroscopy of ray Spectroscopy of 
~12 RQ BAL Quasars ~12 RQ BAL Quasars 

normal underlying Xnormal underlying X--ray continuaray continua
significant intrinsic absorptionsignificant intrinsic absorption
•• NNHH = (0.1= (0.1--5.0) x 105.0) x 102323 cmcm--22

normal UV/Xnormal UV/X--ray flux ratioray flux ratio
not just simple absorptionnot just simple absorption
•• partial coverage and/or ionized gaspartial coverage and/or ionized gas

variability mismatch between UV & Xvariability mismatch between UV & X--rayray
•• UV & XUV & X--ray absorbers not the sameray absorbers not the same

(e.g., Gallagher et al. 2002b, 2005; (e.g., Gallagher et al. 2002b, 2005; Chartas Chartas et al. 2002, 2003; et al. 2002, 2003; 
Aldcroft Aldcroft & Green 2003; & Green 2003; Grupe Grupe et al. 2003; et al. 2003; 

Page et al. 2005; Page et al. 2005; Shemmer Shemmer et al. 2005)et al. 2005)



ChandraChandra BAL Quasar SurveyBAL Quasar Survey

35 luminous BAL quasars35 luminous BAL quasars
z = 1.4z = 1.4——2.92.9
MMBB ~ ~ --26.1 to 26.1 to --28.428.4
UV spectra for all (from literature) UV spectra for all (from literature) 

Relative UVRelative UV--toto--XX--ray power: ray power: ΔΔααoxox

Large, well-defined sample

(Gallagher et al. 2006)(Gallagher et al. 2006)

Collaborators: Niel Brandt, George Chartas, Gordon Garmire (Penn State), Robert 
Priddey (Hertfordshire), & Rita Sambruna (Goddard)



UV Spectra:UV Spectra:
XX--ray Bright vs. Xray Bright vs. X--ray Weakray Weak

CIV CIV

SiIV SiIV

X-ray BRIGHT X-ray FAINT



vvmaxmax vs. vs. ΔαΔαoxox

ΔαΔαoxox
High velocity appears to require large NHigh velocity appears to require large NHH..

ττee~~11



vvmaxmax vs. vs. ΔαΔαoxox (larger sample)(larger sample)

ΔαΔαoxox

(Gibson et al., astro(Gibson et al., astro--ph/ph/0810.2747))



vterm ~ (GMBH/Rlaunch)1/2

(cf. (cf. CheloucheChelouche & & NetzerNetzer 2000; Everett 2005)2000; Everett 2005)

Link Between Shielding Gas and Link Between Shielding Gas and vvmaxmax

smaller Rlaunch higher vtermlarger Rlaunch lower vterm

thicker shield more X-ray weakthinner shield less X-ray weak

(Gallagher et al. 2006; Gallagher & Everett 2007)(Gallagher et al. 2006; Gallagher & Everett 2007)



(Gallagher et al. 2006)(Gallagher et al. 2006)

Conclusions II:Conclusions II:
XX--ray Observationsray Observations

compact & thick compact & thick ‘‘XX--rayray——onlyonly’’ absorbersabsorbers
•• XX--ray & UV absorption not consistentray & UV absorption not consistent
•• some may be Comptonsome may be Compton--thick!thick!

((ττee ~ 1; N~ 1; NHH~1.5x10~1.5x102424 cmcm22))

correlation of correlation of vvmaxmax & & ΔαΔαoxox

supports supports radiativeradiative drivingdriving of UV outflowsof UV outflows



MultiwavelengthMultiwavelength Synthesis: Synthesis: 
The Stratified Wind PictureThe Stratified Wind Picture



Physical Parameters of the Physical Parameters of the 
Stratified WindStratified Wind

WindWind
ComponentComponent

R R 
(cm)(cm)

ffcovcov
ξ ξ 

(erg cm)(erg cm)
NNH H 

(cm(cm--22))
v v 

(km/s)(km/s)

XX--rayray 10101515--1616 >>ffUVUV
~100~100

(O(OVIIVII/O/OVIIIVIII))
10102222--2424 ??????

UltravioletUltraviolet 10101717--1818

(R(RBLRBLR))
0.2(10.2(1--ffQSO2QSO2))

~1~1
(C(CIV/IV/OOVIVI))

10102121--2222 101033--44

MidMid--IRIR >1pc>1pc ffQSO2QSO2 neutralneutral ...... 101022



Stratified Wind Stratified Wind 
Driving MechanismsDriving Mechanisms

UV BAL windUV BAL wind
•• Radiation pressure on UV resonance linesRadiation pressure on UV resonance lines

Dusty OutflowDusty Outflow
•• Radiation pressure on dustRadiation pressure on dust

Shielding GasShielding Gas
•• Continuum radiation pressureContinuum radiation pressure
•• MagnetoMagneto--hydrodynamic driving?hydrodynamic driving?



SummarySummary
BAL Quasar BAL Quasar SEDsSEDs are inherently consistent with those of are inherently consistent with those of 
comparably luminous quasars.comparably luminous quasars.
→→ range of starrange of star--formation contributions to farformation contributions to far--infraredinfrared
→→ no midno mid--infrared excessinfrared excess
→→ supports ubiquity of quasar windssupports ubiquity of quasar winds

Wind has multiple components with different locations, Wind has multiple components with different locations, 
covering fractions, ionization states, and driving covering fractions, ionization states, and driving 
mechanisms.mechanisms.

Measuring the kinetic energy in the wind will likely require Measuring the kinetic energy in the wind will likely require 
the next generation of Xthe next generation of X--ray spectroscopy (ray spectroscopy (IXOIXO) coupled ) coupled 
with dynamical modeling.with dynamical modeling.
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