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Apples vs. or incl. Oranges?



BALs or “BALs”

SDSS spectra from Bruni et al. 2012 sample



Modified BAL Definition



Associated Absorption = Ouflow?

Weymann et al. 1979

Better redshifts and line-locking indicate outflows.

See Bowler et al. 2014
Allen & Hewett 2017 
redshifts



BALs or “BALs”



A Range of Intrinsic SEDs

Leighly et al. 2007

Emission line 
differences 
reflect changes 
in the 
underlying 
SED.

Mostly in the 
“unseen” EUV. Classical 

BALs

AALs



Wind Evolution?

Konigl & Kartje 1994

Sarah Gallagher

Elvis 2000



Overly Rigid Toy Models?

"Three models have been proposed to explain the 
presence of BALs: … orientation … bipolar wind … 
evolution.”  (Bruni+12)

It makes no sense to me for us to talk about the 
problem that way.  Clearly a bipolar wind model 
will be subject to both orientation and evolutionary 
effects.

Important to distinguish different sorts of outflows 
to understand physics (and avoid making blanket 
conclusions from “BALs”).



BAL Sub-Classification

Thibert, Gallagher et al. 2017
Using machine learning 
(dendrograms) to classify 
BAL troughs



Winds in Emission

Brandt et al. 2000

Richards et al. 2011

Hard SEDs
Soft SEDs



Independent Component Analysis

Like PCA, but much better.

Hastie et al. 2001

Russian 
Ambassador
US Official

Boroson & Green 1992



Independent Component Analysis I

Hewett et al. 2017

Quasar ICA  
Longward of CIV
(excluding BALs)

6 positive definite 
components

3 “correction” 
components 
allowed to be 
negative



Independent Component Analysis II

This is the big 
deal.  CIII] 
through MgII
perfectly 
reproduces CIV.

Bottom line: we 
can treat all the 
BELR lines as a 
whole (including 
low S/N).



Quasars as a Continuum

ICA Weights: a 
continuum distribution



Radio-
Loud

BALQSOs

Richards et al. 2011

Clues from the Radio

BI>2000 km/slogR>3

Could radio in BALs be from 
shocks? (Jiang et al. 2010, 
Zakamska et al. 2014, Stocke 1992)



Conclusions
Quasars Are Not Uniform
(so we shouldn’t expect their 
outflows to be uniform)

Even when we can’t 
derive M, Mdot, we 
can determine location 
in SED distribution.

New techniques hold great 
promise for helping to derive 
physics of quasar winds.



CIV BH Masses are Inverted

Coatman et al. 2017

Naïve FWHM says 
BH mass is low, but 
the correction says it is 
high.

Naïve FWHM says BH 
mass is high, but correction 
says it is low



Caveats
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SDSS DR7
Our Sample

Why hasn’t this been done 
before?

• Astronomers and 
statisticians speak 
different languages.

• But more importantly, 
you *have* to get the 
redshifts right *first*.

SDSS 
pipeline 
redshifts

HW10 
redshifts

Allen & 
Hewett 
2017 
redshifts

Coatman et al. 2016



“LoBALs” in EV1

LoBALs don’t 
have strong 
[OIII].  What 
are these?

Matthews, Knigge & Long 2017 





Line Locking Then

Turnshek 1988



Line Locking How To

A
B

A
B

Acceleration of cloud A drops due to 1550 absorption by 
cloud B at 1548; relative velocity locked at 500 km/s.



Line Locking Now

Bowler+14



Line Locking Now

Bowler+14

nonBALs BALs



Ionization with Velocity

Bowler+14


