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Apples vs. or incl. Oranges?




Survey: boss Program: boss Target: QSO_KNOWN_MIDZ QSO_FIRST_BOSS QSO_KDE QSO_CORE_MAI Survey: sdss Program: legacy Target: QSO_HIZ QSO_FIRST_SKIRT SERENDIP_FIRST
RA=246.22283, Dec=37.96852, Plate=5190, Fiber=412, MID=56077 RA=201.78341, Dec=38.21881, Plate=527, Fiber=418, MID=52342

2=8.37546+0.00039 Class=QS0 BROADLINE 2=2.83005+0.00024 Class=QS0O BROADLINE

No warnings.
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Modified BAL Detfinition

A CATALOG OF BROAD ABSORPTION LINE QUASARS FROM THE SLOAN DIGITAL
SKY SURVEY THIRD DATA RELEASE
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ABSTRACT

We present a total of 4784 unique broad absorption line quasars from the Sloan Digital Sky Survey Third Data
Release. An automated algorithm was used to match a continuum to each quasar and to identify regions offlux at least
10% below the continuum over a velocity range of at least 1000 km s~ in the C v and Mg n abborption regions. The
model continuum was selected as the best-fit match from a set of template quasar sptura binned in lummo:ﬂlv
emission line width, and redshift, with the power-law
parameters. We characterize our samplelhrough the t
well as through parameters euuh as the width, outfio ‘ i ] [TOT! - : i
sample of 16,883 quasars at 1.7 < z < 4.38, we identify 43 '36(..6 ) quasars w1th broad C v absorpllon 01 which
1756 (10.4%) satisfy traditional selection criteria. From a sample of 34,973 quasars at 0.5 < 2.15, we identify

457 (1.31%) quasars with broad Mg 1 absorption, 191 (0.55%) of which satisfy traditional selu,tlon criteria. We also
provide a supplementary list of 39 visually identified z > 4.38 quasars with broad C 1v absorption. We find that broad
absorption line quasars may have broader emission lines on average than other quasars.
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Associated Absorption = Outlow?
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Fi1G. 1.—A histogram showing the observed distribution of C 1v systems in
velocity of the absorption system relative to the QSO. Most of the systems (¢
has a tail extending from the peak out to velocities of the order of 20,000 k
three separate components of the distribution which correspond to the differer
line marked *“intervening clusters component™ is explained in the text,

Weymann et al. 1979
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Better redshifts and line-locking indicate outflows.
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BALSs or “BALS”

Survey: boss Program: boss Target: QSO_KNOWN_MIDZ QSO_FIRST_BOSS QSO_KDE QSO_CORE_MAI

RA=246.22283, Dec=37.96852, Plate=5190, Fiber=412, MJID=56077
2=8.37546+0.00039 Class=QS0 BROADLINE
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Survey: boss Program: boss Target: VARBAL

RA=142.30819, Dec=37.96194, Plate=4642, Fiber=12, MID=55926
2=1.90221+0.00022 Class=QS0O BROADLINE

Warnings: NEGATIVE_EMISSION
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A Range of Intrinsic SEDs

Emission line
differences
reflect changes
in the
underlying
SED.

Mostly 1n the
“unseen’” EUV. _ Classical
BALs

Frequency (Hz

Leighly et al. 2007



gas

Konigl & Kartje 1994

a) High Luminosity

smaller divergence angle

S

smaller vertical region

larger opening angle

b) Medium Luminosity
‘reference geometry’

¢) Low Luminosity

r
ng angle

Sarah Gallagher




Overly Rigid Toy Models?

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

[t 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

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

BAL troughs

Cluster 1: 97 objects
Cluster 2: 383 objects
Cluster 3: 105 objects
Cluster 4: 107 objects
— Cluster 5: 78 objects

1600 1700
Rest Frame Wavelength [A]

Cluster 6: 107 objects
Cluster 7: 57 objects
Cluster 8: 104 objects
Cluster 9: 46 objects



Winds 1n Emission

Soft SEDs
Hard SEDs

Mean

1600
Wavelength
1309 .
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Independent Component Analysis

14.7 Independent Component Analysis and Exploratory Projection Pursuit 561

Source Signals Measured Signals

ICA Solution

Boroson & Green 1992 FIGURE 14.37. lllustration of ICA vs. PCA on artificial time-series data. The

— upper left panel shows the two source signals, measured at 1000 uniformly spaced
time points. The upper right panel shows the observed mized signals. The lower
two panels show the principal components and independent component solutions.

Like PCA, but much better.

EW A5007




Independent Component Analysis 1

Quasar ICA
Longward of CIV
(excluding BALSs)

6 positive definite
components

3 “correction”
components

allowed to be o I
. 1600200024002800
negative




Independent Component Analysis 11

deal. CIII] _
through MglI e
perfectly

reproduces CIV.

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

ICA Weights: a T T
continuum distribution *

U X~-ray
+5 continuum
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Clues from the Radio
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Could radio in BALSs be from
shocks? (Jiang et al. 2010,
Zakamska et al. 2014, Stocke 1992)

0

CIV Blueshift [km
Richards et al. 2011

1115: wRL
M17: civeaL

BI>2000




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.

1600 1800
Wavelength

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




CIV BH Masses are Inverted
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Caveats

SDSS
pipeline
Why hasn’t this been done redshifts
before?
HW10
» Astronomers and redshifts
statisticians speak
different languages.
* But more importantly, Allen &
you *have™ to get the ?g;’;ett

. . % K
redshifts right *first™. redshifts

Coatman et al. 2016




“LoBALs” in EV1

LoBALs don’t
have strong
Ll ) S OII1]. What
o000 [t A an | are these?

[Lgqa (SH14)

Matthews, Knigge & Long 2017



Survey: sdss Program: legacy Target: QSO_HIZ QSO_CAP SERENDIP_BLUE
RA=310.88835, Dec=-0.18453, Plate=981, Fiber=44, MID=52435
Survey: sdss Program: legacy Target: QSO_HIZ 2=0.54324+0.00070 Class=QSO BROADLINE
RA=153.73620, Dec=4.51317, Plate=574, Fiber=478, MID=52356 No warnings.
2=0.56691+0.00002 Class=QS0 BROADLINE
No warnings.
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Survey: sdss Program: legacy Target: QSO_CAP QSO_FIRST_CAP SERENDIP_FIRST
s dss P P T +: QSO_HIZ RA=224.35005, Dec=45.38805, Plate=1876, Fiber=449, MID=53147
urvey: sdss Program: legacy Target: - -
RA=182.10062, Dec=3.76177, Plate=564, Fiber=575, MID=52224 £=0.71667+0.00019 Class=QSO BROADLINE
2=0.69946+0.00008 Class=QS0 BROADLINE £s-
No warnings.
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Line Locking Then
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Line Locking How To

\/\/ W Ve < Va; AV <500

‘A4
\/ U Ve < VAV = 500 Q@ ‘,’:

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



Line Locking Now

CIV 1548,1550
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Line Locking Now
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Ionization with Velocity

Silll 1206 / HI 1216 / NV 1238,1242 SIV 1393,1402 CIV 1548,1550 Mgll 2796,2803
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