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1 INTRODUCTION

Optical and ultraviolet linear polarization, caused byrasyetric
scattering, is potentially a powerful tool in constrainitihg struc-
ture and geometry of unresolved sources. In particular dftisn
looked to in answering the questions surrounding the gegnoét
the approximately 20% of optically-selected quasars wiitat
absorption lines (BALs; Knigge et al. 2008). BAL quasars ane
important subclass, because they represent those quasarthev
most massive, highest velocity outflows. Much recent work ha
shown that quasar outflows likely have effects on the evarhudif
the host galaxy, surrounding intergalactic medium, andauiself

ABSTRACT

We present new spectropolarimetric observations of 8 rhlid broad absorption line (BAL)
guasars, and combine these new data with our previous epetdrimetric atlases (of both
radio-loud and radio-quiet objects) in order to inveskgdie polarization properties of BAL
guasars as a group. The total (radio-selected) sampledie€lB6 (26) high-ionization and
22 (15) low-ionization BAL quasars. On average, we confirat tiroad emission lines are
polarized at a level similar to or less than the continuum lared absorption troughs are
more highly polarized, but we note that these propertiesarérue for all individual objects.
Of the whole sample, 18 (31%) have highQ%) continuum polarization, including 45% of
the LoBALs and 22% of HiBALs. We identify a few correlationsttveen polarization and
other quasar properties, as well as some interesting noetations. In particular, continuum
polarization does not correlate with radio spectral inadehxich suggests that the polarization
is not due to a standard geometry and preferred viewing doa@aL quasars. The polariza-
tion also does not correlate with the amount of intrinsictdeddening, indicating that the
polarization is not solely due to direct light attenuatidgther. Polarization does appear to de-
pend on the minimum BAL outflow velocity, confirming the retsudf previous studies, and it
may correlate with the maximum outflow velocity. We also fihdttcontinuum polarization
anti-correlates with the polarization in theCbroad emission and broad absorption. These
results suggest that the polarization of BAL quasars cammdescribed by one simple model,
and that the scatterer location and geometry can vary signily from object to object.
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orientation/geometric effects, or pure evolutionary effe The ori-
entation explanation has drawn heavily on the unificatiotypé 1
and 2 Seyfert galaxies via viewing angle (Antonucci et aB3)9

In this scenario, all quasars have BAL outflows, but only ¢hesen
from a more equatorial viewing angle are seen through tHéomut

ing wind (e.g. Elvis 2000). Equatorial is used somewhat étos
here, since most quasars from a true edge-on perspectipecire
ably obscured by a dusty “torus.” We simply mean that they are
seen from a viewing angle farther from the accretion diskragm

try axis compared to unabsorbed quasars.

Previous polarization studies often argue in favor of thés p

(Silk & Rees 1998, King 2003, Hopkins & Elvis 2010, Cano-Diaz ture (e.g Ogle et al. 1999), particularly in light of the ftitat BAL

et al. 2012, and others). However, despite a few decadesiay, st
we still do not understand the fundamental reason why ontga f

tion of quasars show BALs.

The two most popular explanations have involved either pure

* Using data from the ESO VLT, programs 087.B-0439(A), 85@:%(A),

and 71.B-0121(A).

guasars are more often highly polarized than their non-Béiine
terparts. If a Seyfert-like scattering geometry is assymith scat-
tering material located in a polar region, we would expedy time
edge-on viewed sources (BALs in this scenario) to be higlaly p
larized. The analysis of Lamy & Hutsemekers (2004), led them
to a similar conclusion, developing a slightly more compfexo-
component wind” model, with a less dense wind/outflow withreno
free electrons in a polar direction as the cause of the stajte

t e-mail: mdipompe@uwyo.edu (MAD); mbrother@uwyo.edu (MSB Weymann et al. (1991) also argued that their comparison of
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this scenario, as relatively small differences were fourtte dif-
ferences discovered were that BAL quasars are more reddaned
they exhibit stronger Fe and Al emission; these results have
been seen in radio-selected and strictly radio-loud BALsquaas
well (Brotherton et al. 2001, DiPompeo et al. 2012b).

While all of these studies are consistent with an orientatio
only explanation, they do not necessarily require it. Iri,fparticu-
larly regarding observations at radio wavelengths, oaigon-only
scenarios have a multitude of of problems. Radio-loud BAhsguis
were only discovered slightly more than a decade ago (faneie,
Becker et al. 1997, Brotherton et al. 1998). At least at maigera-
dio resolutions (such as the FIRST survey’atBecker et al. 1995)
they are more often spatially unresolved than non-BAL gigasa
(Becker et al. 2000). Their relative rarity and compactragssdif-
ficult to reconcile with an equatorial line of sight. Becausehis,
time-based explanations began to emerge, where the BAlepbas
an early evolutionary phase of all quasar lifetimes. In piggure,
BAL quasars are young or rejuvenated quasars that are heavil
shrouded in a cocoon of gas and dust (Boroson & Meyers 1992,
Gregg et all 2002, 2006). As radio jets develop and clear lust t
material, there is only a short overlap between the BAL anlibra
loud quasar phase.

Aside from radio morphology and other properties such as ra-
dio core dominance, the shape of the radio spectrum (deskcrib
by radio spectral indexv.q.q; S o v®red, whereS is the radio
flux and v is the frequency) is a useful orientation indicator in
unresolved sources. Because of relativistic beaming tsffeadio
cores dominate the radio flux at small jet viewing angles émor
pole-on), while radio jets dominate at larger viewing asgRadio
cores tend to be optically thick and thus have flatter radecsp
(araa > —0.5), while radio jets are optically thin with steep ra-
dio spectrad.-.a < —0.5). While there is significant scatter in the
arqq-Viewing angle relationship (DiPompeo et al. 2012a), Seéct
index is a useful diagnostic of ensemble orientations.

Until recently, no difference between BAL and non-BAL
spectral index distributions had been found, suggestiag ttrey
were seen from similar ranges of viewing angles (Becker et al
2000, Montenegro-Montes et al. 2008, Fine et al. 2011). How-
ever, DiPompeo et al. (2011b) observed a sample specifisaily
lected for this test with nearly twice as many objects andfidid
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Richards et al. (2011) argue that the direction and opemigtpaof
BAL winds has an orientation dependence, but this is in tuined
by changes in the quasar SED, particularly at x-ray energieish

is a time-dependent phenomenon. Allen et al. (2011) seerav® h
identified a redshift dependence to the BAL fraction, diffido
explain using only orientation. Thus, it seems that all necesults
are pointing toward a unification that depends on both csiesr
andtime.

In DiPompeo et al. (2010, 2011a) we presented spectropo-
larimetry of nearly 50 BAL quasars, but as separate sam@lase
that time, we have obtained new spectropolarimetric datigift
more sources; here we present this new data, and an in-degith a
sis of the polarization properties of all of these objecta geoup in
order to constrain models describing the source of the jzalgon
in BAL quasars.

We adopt the cosmology of Spergel et al. (2007) for all calcu-
lated properties, with, = 71 km s™* Mpc™!, Qa; = 0.27 and
Qa =0.73.

2 THE SAMPLE

Because this analysis utilizes samples from several DiRRorepal.
references, we give them names as follows to help the reaagr k
track. The sample of DiPompeo et al. (2010) is referred tdas t
“Keck sample”, the sample of DiPompeo et al. (2011a) is refer
to as the “VLT sample”, the sample of DiPompeo et al. (201%b) i
called the “VLA sample”, and the objects from the VLA sample
with spectropolarimetry are referred to as the “VLA-pol gde.
We provide below a brief summary of each.

The Keck sample contains 30 radio-selected BAL quasars.
The majority of these (27) are from the samples of Becker .et al
(2000, 2001), which contains BAL quasars in the FIRST Bright
Quasar Survey (FBQS; White et al. 2000). Also included is thi
sample are 3 other radio-bright BAL quasars from the liteat
See DiPompeo et al. (2010) for more details.

The VLT sample contains 19 BAL quasars, as well as 4
sources originally considered to be possible BAL quasassidted
in DiPompeo et al. (2011a), they are more likely non-BAL @guas

an overabundance of steep spectrum BAL quasars compared to ajiven the most recent observations, and so we will not irethdse

well-matched sample of non-BAL sources. This suggestsittiae
largest viewing angles (before the quasar becomes coryptdie
scured) one will generally see a BAL quasar. However, thgeanf
spectral indices for both samples was similar, indicathag BAL
guasars were indeed sometimes seen along the same linghof si
normal quasars are seen from, including pole-on. This was co
firmed with modeling by DiPompeo et al. (2012a). This resuf-s
ports the claims of the existence of “polar” BALs identifiesing
short timescale radio variability (Ghosh & Punsly 2007, dletal.
2006).

Of course, all of this analysis relies on the assumptionttieat
radio jets are perpendicular to the accretion disk planaveyer,
there is evidence that this is indeed the case for type 2 AGN (d
Serego Alighieri et al. 1993, Vernet et al. 2001), and isljikée
case for higher redshift quasars (Drouart et al. 2012, Stixe)i

In addition to the above findings, other recent results have
been pointing to a picture in which both orientation and etioh
might play a role, but neither is sufficient on its own. Forraxde,
Gallagher et al. (2007) found that BAL and unabsorbed gsasar
do not differ significantly in their infrared properties,ggesting
that BAL sources are not significantly more enshrouded in.dus

sources in this analysis. Three of the included objects ade+
selected. It also contains some extreme objects, sevarat fm
Hall et al. (2002), which are particularly useful in extemglithe
reddening parameter space investigated here. Many olajecssm-
ply bright, southern BAL quasars which could be observed wit
the VLT in reasonable amounts of time. We note that this sam-
ple is heterogeneous, but it is utilized because it sigmiflgan-
creases the sample size and parameter space covered; howeve
will also discuss the results of the following analysis vitits sam-
ple excluded due to its heterogeneous nature. See DiPormpéo e
(2011a) for more details.

Presented along with the VLT sample was spectropolarime-
try of two BAL quasars from the VLA sample. We present here
eight additional sources from that observing program. Werre
to DiPompeo et al (2011b) for details regarding the VLA samnpl
the VLA-pol sample includes the sources from there whichfare
enough south to observe at the VLT (lower thafi @i@clination).

Finally, we include FIRST source FIRST J155633.8+351758
in this analysis, which is in the VLA sample and has spectropo
larimetry presented by Brotherton et al. (1997). 1556+381ahe
of the most highly polarized and reddened BAL quasars discov
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ered to date (Becker et al. 1997). Despite this, it still hagcthe
selection criteria for the VLA sample.

We present basic properties of all sources in Table 1, with sa
ples from different locations separated by horizontaldirghe first
section is the VLA-pol sample, including those with new okiae
tions presented here, the middle section is the Keck sarapk,
the last section is the VLT sample. Note that there is some-ove
lap between the Keck and VLA-pol samples; these objectsradye o
presented once in the table and footnoted in the last col{ie.
columns are as follows: the source RA and DEC in columns 1 and
2, the redshift in column 3, the FIRST peak and integrateceBux
in columns 4-5, the absolut8 magnitudeM g in column 6, the
FIRST integrated flux k-corrected to a rest-frame 5 GHz rédalio
minosity in column 7, the radio loudness paramdtér(as defined
by Stocke et al. 1992) in column 8, the radio spectral index;
in column 9, the balnicity index®T) in column 10, the absorption
index (AI) in column 11, the maximum velocity of the BAL out-
flow (vjmaq) in column 12, the minimum outflow velocity,x )
in column 13, and the BAL subclass in column 10. See secti®n 3.
for more information omBI, AI, vmae, @NdUmin .

The classifications are as follows: HiBALs have evidence for
BAL troughs from highly ionized species (in particulanCA1549
A, but possibly also Siv A1396 A and Nv A1240A), LoBALs
have additional absorption from either Mg\ 2799A and/or Alini
A 1857,&, and FeLoBALs have absorption from various levels of
Fell. Note that the values ok, for the Keck sample are slightly
different than in the original reference; this is due to a lbsys-
tematic correction to the luminosity distance. The changeiway
affects the correlation tests performed in DiPompeo et24110)
due to its systematic nature.

Some care has been taken when calculatidg and R*
(which depends on th& magnitude), as this bandpass often cov-
ers areas of heavy BAL absorption and reddening. To accaunt f
this, we follow a similar method as Gregg et al. (2006). Westak
average values agf — i for quasars as a function of redshift from
Richards et al. (2003) and use thiband magnitude (which is much
less effected by absorption and reddening) to calculatenesded-
denedg magnitude. In cases where sources are not found in SDSS,
g andi magnitudes are integrated from our total light spectra (all

new sources presented here are from SDSS; 7 sources from thé

VLT sample are not, along with 3 from the Keck sample). Both th
Keck and VLT sample data have wavelength coverage that com-
pletely overlap botly and: bandpasses; no attempt to correct for
slit losses is made, but this should not be very problematibea
red end of the spectra where we are making measurementss If th
newg-band magnitude is lower than the original (indicating that
source was likely reddened and/or significantly affectetd AL
absorption), the new value is adopted. Otherwise, we keeprig-

inal value to avoid making the objects bluer without a coripg!
reason to do so. We then convert this tdand magnitude with
the relationB = g + 0.47(g — r) + 0.17 (Smith et al. 2002), and
use this to calculatd/p and R*. More discussion of this can be
found in section 3.3.

3 OBSERVATIONS& MEASUREMENTS
3.1 Spectropolarimetry observations

The new observations here were part of the same program aS SDS
J1337-0246 and SDSS J1516-0056 from DiPompeo et al. (2011a)
with the same instrumental configuration, but observed énfoi
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lowing period. Observations were performed mostly in AR@IL1,
with the exception of 1307+0422 which was observed in Julyl20

All observations were done in service mode with the PMOS
mode of the FORS2 spectrograph (Appenzeller et al. 1998hen t
Antu unit of the VLT. Total exposure times (sum of all wavepla
positions) ranged from 9 to 50 minutes, depending on theceowr
band magnitude. We used a 600 line mhgrism blazed at 5008
with a 1.4’ slit, giving a resolution of 1& and a dispersion of &
per pixel. We note that when using this grism in PMOS modegthe
is an issue with reflected light in the instrument optics #fégcts
the observed wavelengths 4050-4.0This is removed as best as
possible when flat-fielding, but no polarization measureémane
made in this region.

The wavelength dependence of the polarization positiofeang
due to the instrument optics was calibrated with an ESO{&gp
rotation curve. The polarized standdlfddiltner 652 and Vela 1
were used to check the polarization position angle offsetaar-
ization percentage. Continuum polarizations are accuoasdout
0.2% and the position angle is accurate to abdutThe unpolar-
ized standard star WD1620-391 was observed and was palarize
less than 0.08%. We refer the reader to DiPompeo et al. (2010,
2011a) for full observational details for the rest of the plem

3.2 Polarization measurements

Here we summarize the polarization measurements madeutind f
details are found in DiPompeo et al. (2010, 2011b). Afteuoiug

the data to one-dimensional spectra using standard tegsand
IRAF packages, standard procedures for calculating Stokes Q and
U parameters were used (Miller et al. 1988, Cohen 1997).iBgnn

in flux (counts) is performed before calculating Stokes peat&rs.
Polarizations presented are de-biased using rotated Q aaddth-
eters, and errors arerlconfidence intervals (Simmons & Stewart
1985).

Data were binned when making the polarization measure-
ments in order to reduce errors. Continuum measurements wer
generally binned across 100-300and emission and absorption
features were binned as small as possible without gettirgyser
00 large to distinguish the measurements from surrounsiieg-
tral regions. Figures 1 (a-h) show the spectropolarimetsylts for
the 8 new observations; see DiPompeo et al. (2010, 2011a) and
Brotherton et al. (1997) for similar plots for the rest of gamnple.
The panels in each figure are as follows (from top to bottoh®: t
total flux spectrum (object names are included in the toperooh
this panel), the polarized flux, the polarization perceetamd the
polarization position angle. The light grey lines in thegrdation
percentage and position angle panels show smaller binsqﬁo-
of unbiased measurements, which generally follow the tdbges
closely but with larger errors (not shown).

Table2 lists the white light and continuum polarizationggro
erties of the newly observed objects. White light measurgsare
averaged over the whole spectrum, from 3800-850Continuum
measurements are made over the indicated observed-framee wa
lengths, and these bins are also shown in bold in the potamiza

1 See hitp://www.eso.org/sciffacilities/paranal/ingtents/fors/inst/pola.htrnl
for standard star information.

2 IRAF is distributed by the National Optical Astronomy Obsory,
which is operated by the Association of Universities for&ash in Astron-
omy, Inc., under cooperative agreement with the Nationar®e Founda-
tion.
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Table 1. The full sample and basic properties.

RA DEC z Sp S; Mp® logL, logR*® a,qq BI Al Vmaz Vimin Class

(€] ) () 4 (%) (6) @ (8 (9) (10) (11) (12) (13) (14)
090552 025931 183 4354 43.84 -28.8 335 1.55 -0.55 256 439 3802 11620 HIBAL
104452 104005  1.88  16.40 17.21 -28.0 33.1 1.45 -0.92 3062 0557 22608 720 HIBAL
110206 112104 235 8232 83.06 -27.8 34.0 2.41 -1.32 0 4371 1421 -785 HIBAL
115944 011206 2.00 26653 26848  -28.6 34.4 2.56 0.31 0 1715 146 4 749 HIiBAL
122848 010414 266  29.36 30.81 -28.4 33.7 1.90 -0.45 4 12 8819 5638 HIBAL
123511 073330 303  10.29 11.28 -28.0 335 1.79 -1.97 0 4235 3584 1307 HIiBAL
130208 003731 168  11.24 11.93 -27.4 32.8 1.38 -1.15 608 1163 9335 4353 LoBAL
130756 042215  3.03  14.29 14.90 -29.0 335 1.46 -0.55 335 921 084® 14845 HIBAL
133701 024630  3.06  43.32 44.82 -28.0 34.1 2.40 -1.76 0 4732 4411 640 HiBAL!
141334 421201 282  17.79 18.74 -28.1 335 1.81 0.77 0 2212 4355 263 HIBAL?
151630 -005625 1.92 2458 25.45 -27.0 333 2.04 -0.62 0 4646 1842 -995 HiBAL!
155633 351757 150  30.92 31.72 -27.4 33.2 1.78 -0.32 . FeLoBAL®
160354 300208 203  53.70 54.17 -27.8 33.7 2.14 -0.57 0 1105 6435 907 HiBAL?
165543 394519 175  10.15 10.16 -27.3 32.9 1.51 -0.20 4134 4478 22874 9213 HiBAZ
013515 -021349 182 2242 22.81 -28.0 33.3 1.62 0.18 2140 6250 13838 800 HIBAL
025625 -011904 249 2578 27.56 -27.8 33.6 2.02 -0.75 328 725 12837 1000 HIBAL
072417 415918 155 7.89 7.90 -27.0 32.7 1.44 0.00 >5061 >5596 >18950 8980 LoBAL
072830 402622 066  16.96 16.79 -27.9 319 0.28 -1.10 . LoBAL
080901 275354 151 1.17 1.67 -27.4 319 0.47 .. >298  >1017 >13724 10200 HIBAL
091044 261301  2.94 7.84 7.46 -27.6 32.7 1.23 -0.50 66 2414 8515 500 HIBAL
091329 394442 158 2.06 2.09 -27.4 32.0 0.61 -0.60 >5984  >6362  >21951 2900 HIBAL
093404 315342 242 4.68 4.39 -28.8 32.8 0.81 -0.20 1092 1806 500 8600 HIiBAL
094602 274403 174 3.54 3.63 -28.1 324 0.67 0 4197 6897 700 HIBAL
095707 235620 199 13610 14049  -27.9 34.1 2.46 -0.60 0 2884 3834 -280 HIBAL
101612 520922  2.46 5.26 176.84  -26.7 34.4 3.23 -1.00 2439 4534 16466 -1290 HIBAL
103110 395321  1.08 2.45 2.03 -25.8 317 0.97 -0.20 LoBAL
104459 365600 070  14.61 15.00 -26.3 32.1 1.15 -0.50 . FeLoBAL
105427 253623 240 2.99 3.02 -28.1 326 0.89 -0.50 2531 6222 498 1500 LoBAL
112220 312457 145 1264 12.87 -27.2 32.7 1.39 -0.60 0 >1068  >6033 145 LoBAL
120051 350836  1.70 2.03 1.46 -28.6 319 0.04 -0.80 2845 4683 2284 1750 HIiBAL
121442 280344  0.70 2.61 2.90 -25.9 313 0.51 -0.80 FeLoBAL
131213 232025 151 4327 44.12 -27.8 333 1.73 -0.80 0 >15  >14107 10850 HIBAL
140800 345125  1.22 2.91 2.87 -27.0 319 0.66 -0.60 LoBAL
140807 305439  0.84 3.34 321 -26.1 316 0.68 -0.70 LoBAL
142014 253354  2.20 1.25 1.20 -28.4 321 0.28 -1.10 2860 3635 500 350 HIBAL
142703 270940  1.17 2.58 2.98 -26.0 319 1.01 -0.70 FeLoBAL
152315 375920  1.34 1.67 1.83 -26.9 318 0.61 -0.60 LoBAL
152350 391404  0.66 3.75 4.07 -26.3 315 0.55 -0.40 LoBAL
164152 305851  2.00 2.13 2.66 276 325 0.95 0.50 7868 12082 26312 -220 LoBAL
170919 281835  2.37 1.51 2.15 -28.0 324 0.77 207 2079 5590 900 HIiBAL
235952  -124137  0.87 -27.0 -0.36 ... FeloBAL
000121 023305  1.87 -27.0 5892 6806 19301 0037  LOBAL
001824 001526  2.43 -26.5 5189 7633 18806 0 70  HiBAL
004323 -001552 2.80 13068 158.10  -28.1 345 2.76 1006 0412 21566 6800 HIiBAL
004938 -303951 2.36 27.1 5681 8384 17828 00 6 HIBAL
011227 -011220 1.76 -27.3 2877 3955 24877 8002 HIiBAL
011539 -003327 159 -27.2 2737 3173 20873 9008 HIiBAL
013652 -372504 252 -28.8 10028 11219 @500 5300 HIBAL
025042 003538  2.38 -27.4 4275 7358 14573  25-1  LoBAL
030000 004833  0.89 27.1 GRAL
031856 -060036  1.97 -28.4 4164 5662 11276 9001  FeloBAL
033721 -332911 226 27.1 7939 8567 24896 00 2 HIBAL
204644  -343335 3.35 275 1898 6475 23968 00 3 HIBAL
211506 -432310 171 -28.9 3334 4614 18835 2002 HIiBAL
221511 -004548  1.48 -28.1 7011 7209 21497 8001 LoBAL
224346 -364703  1.83 -28.6 7807 12148 24183 -1054 LoBAL
235238 010553  2.16 -28.7 0 1913 4095 450 AHIB
235253  -002850  1.62 -26.7 8385 8906 25000 1408 HIiBAL

L The spectropolarimetry for these objects was presentematith the VLT sample.

2These sources happened to overlap with the objects in tHed€eaple, and their spectropolarimetry information candamé in the original reference.

3The spectropolarimetry for this source was presented bjhBrton et al. (1997).

4 AT was integrated using a condition of 800 km/s for continudaseption.

5Corrected for reddening/absorption using SDSS colorsidmihd magnitudes- see sections 2 and 3.3.

The horizontal lines split the table into three groups; thipcts from the VLA-pol sample, including those with new eh&tions presented here, the objects from the Keck sampithe objects from the VLT
sample, respectivels;, and.S; are the 1.4 GHz peak and integrated FIRST fludes.is the k-corrected 5GHz rest-frame radio luminosity, usheggFIRST integrated flux measurement and the spectral index
listed in column 9.R* is the radio loudness parameter, as defined by Stocke eB8R)Xx.., 4 is the radio spectral index. See the text for a discussiaB bf AI, vimaa, aNdv,, i, .

percentage panels of Figlrke 1. The final column of the tablesgi  (1998) via NE. Table3 gives the polarization properties of the
the maximum theoretical interstellar polarization (ISP3sed on C1iv and Ciil] emission lines%.) and the Qv absorption trough
Serkowsky et al. (1975) anli(B — V') values from Schlegel et al.

3 The NASA/IPAC Extragalactic Database (NED) is operated hmy et
Propulsion Laboratory, California Institute of Technojpginder contract
with the National Aeronautics and Space Administration
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(pa). These values are also given when normalized by the contin-
uum immediately to the red side of the feature (unless onty th
blue side was available, in which case the measurement it h

a footnote), in order to account for any wavelength depeceler

the polarization when comparing objects. These measurtsraen
labeled a./p. andp./p.. Note that the continuum in this nor-
malization is not necessarily the same as the continuunripata
tion reported in Tablgl2. Similar tables for the rest of theske
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reasonable measures Af (andv.,..; see below) without includ-
ing any extra non-BAL absorption. When this condition isduiee
measurements are footnoted in the table. Bbfrand BT are only
integrated to 25,000 km/s because this is where the 8dbmplex
begins.
In addition, we measure the maximum and minimum out-

flow velocities ¢maz and vmin, respectively)vm,., is measured

in a somewhat subjective manner, in order to account foasdns

are found in DiPompeo et al. (2010, 2011a). None of these new where absorption begins high on thev\Cemission line and would

observations had Mg available for measurement.
Notes on individual objects

SDSS J090552.40+025931.4 It is clear from Figuré1l (a) and Ta-
ble[2 that SDSS J0905+0259 is likely intrinsically unpated, or
only very weakly so. The continuum polarization is at a samil
level to the maximum possible ISP (the white light polarizat
is even lower), and the polarization position angle changétly
across the spectrum. Only on the far blue end of the spectogs d
the polarization appear to rise to significant amounts, tigt mot
very convincing.

3.3 Spectral measurements

In addition to the polarization, we have made other measenésn
using the total flux spectra obtained during the observatiddl
spectra are shifted to rest-frame wavelengths using thesaifz

in Table[d. In particular we measure several properties efatv
BAL troughs when it is present in the spectral window. Whiie t
traditional measurements such as balnicity indgX;(Weymann et
al. 1991) or absorption index4(/; e.g. Hall et al. 2002) are some-
what arbitrarily defined (Ganguly & Brotherton 2008) andidiflt

to measure because they depend heavily on accurate placefmen
the continuum, we include them here for completenéssis cal-

culated using:
25,000
BI = / (1 — > Cdv

3,000
wheref(v) is the continuum normalized flux as a function of veloc-
ity (in km/s), andC'is equal to 1 when the normalized flux is below
0.9 continuously for 2000 km/s, otherwise it is set to 0. Thetin-
uum is defined by eye, using a 3rd-5th order polynomial inspkc
regions relatively free of strong emission or absorptioatdees.
Note thatBI is a rather conservative measurement, and was orig-
inally developed to identify sources with very strong abpsion in
low resolution, low SNR spectra. Many obvious BAL quasans ca
have aBI of 0, particularly if the absorption begins at low velocity.
To account for thisAT was developed:

25,000
AI:/ <1—f(“)>c’dv
0

0.9

Notice that the integration begins at 0 velocity here (but still
miss absorption that begins to the red of the emission pé&ak).
consistency with the measurements of others, we also usgiaee
ment of continuous of absorption for 2000 km/s f@frto be set to
one, but we note that this is not necessarily part of a stating
tion of AI. There are a few situation in which this returns/hof
0, despite the clear presence of broad absorption. Thitdés bke-
cause much of the absorption is on top of they@mission, and so
the part of the absorption that drops below the continuurightsy
narrower than 2000 km/s. We find that relaxing our continwstus
sorption requirement in these cases to 800 km/s allows ustém

f()

0.9 @

@)
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be missed using absorption only below the continuum. Udieg t
location whereC' or C’ first become equal to 1 as the minimum
can biasvmi» high due to this effect. We measurg, . using the
location whereAT integration ends. All of these measurements as-
sumev = 0 at 1549.06A. Tabled lists the values dB7, AT, vyaz,
andvmin, -

We estimate the amount of intrinsic reddening in each source
in two ways. First, we use the difference between the origind
unrededdenegd-band magnitudesA,) that were discussed at the
end of section 2. We also estimatlk, in all sources using the
spectra. First, all spectra are corrected for galactic erufd) us-
ing theE(B — V') values. We then utilize an SMC extinction curve
(with Ry = 3.1) and the composite spectrum of all quasars in
the FBQS made available by Brotherton et al. (2001) to eséima
Ay . We chose this composite because the majority of our sources
are radio-selected. It is difficult to automate this procediue to
the heavy absorption in BAL quasar spectra, and so this was do
by eye. We simply stepped through values4af in increments of
0.1 (after making an initial first guess) and de-reddeneti spec-
trum, comparing each step with the FBQS composite until a rea
sonable agreement was found across the whole spectrummia so
cases steps of 0.01 were used to fine-tune the reddeninge Whil
is impossible in most cases to get a perfect match to the cempo
ite, this method provides a reasonable estimate of thengitried-
dening. Our measures df, and Ay correlate strongly, indicating
that these two independent methods provide robust essroathe
amount of reddening4, is however systematically larger, due to
the fact that it is also correcting for flux lost due to BAL ahstion
in many cases.

4 ANALYSIS& RESULTS

Of the 58 total sources, 18 of them have a high continuum polar
ization (defined here as2%). This corresponds to 31.06.1%,
where the uncertainty is calculated from a binomial disttitm.
This is consistent with previous findings, where around fmueth

to one-third of BAL quasars are highly polarized. Broken domto
subclasses, 8 of 36 (22.286.9%) HIiBAL quasars are highly po-
larized, compared to 10 of 22 (45.5240.6%) FeLo/LoBALs. This
would seem to indicate that more reddened BAL quasars are mor
polarized, as generally FeLo/LoBALs are slightly more redy(
Sprayberry & Foltz 1992, Brotherton et al. 2001, DiPompeal et
2012a). Indeed, the most reddened sources in this sampédsare
Lo/FeLoBALs (e.g. see Figufé 4b). We show the continuumrmpola
ization distributions by BAL subtype in Figuié 2. Note thasgite
the higher likelihood of an FeLo/LoBAL quasar being highly-p
larized, it seems that HiBALs and LoBALs can reach similaele

of polarization.

Figure[3 shows distributions of the other polarization para
eters. Panel (a) shows the polarization position angleiloiigion,
which is relatively flat as expected. There may be a slight-ove
abundance of sources with a position angle arourfd BGt given
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Figure 1. The following panels show the the newly acquired spectamoletry, used in addition to the Keck and VLT samples. Irfiglires, the top panel
is the total flux spectrum (object names are in this panet)ptilarized flux, the polarization percentage, and the zaliwn position angle. The bold bins in
the polarization percentage panel show where continuurigation measurements are made. The light grey lines ifattiéwo panels are smaller binned,
unbiased polarization measurements.
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the numbers it is not overly convincing. The next five pangi, polarized than the continuum, but again there some objelotsav
(f), show the polarization in various emission or absonptiea- this is not the case. Statistically, using a Wilcoxon signak-sum
tures;pe/p. for Civ, Cii], and Mgii, respectively, ang,/p. for test, we can only say with certainty that/p. (C1v) does not have
Civ and Mg, respectively. The means of each parameter are also a median of and is not symmetric aboutpl=€ 6.4 x 10~°). Sim-
shown in the figure. Itis clear that on average, broad enridsies ilar tests for all other line polarizations giye~ 0.1, though for

are polarized at a level slightly less than the continuunt there pelpe (C11]) itis lower atp = 0.03
are many clear exceptions to this. BAL troughs are genenatiye
We have also performed an extensive search for correlations

© 2012 RAS, MNRASD00, [1H12
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Table 2. Continuum and white light polarization properties of thevraglditions to sample.

Object White P(%) White PR) Cont. P(%) Cont. PA() Cont.A(A)  Max. ISP (%)

090540259  0.16:0.05 60t 9 0.25+0.09 8210 4500-5150 0.27
104441040  1.210.04 16t 1 1.22+0.07 ot 2 4540-5280 0.25
1102+1121  1.9%0.05 176t 1 2.99+0.09 176t 1 5315-6100 0.14
115940112  2.06:0.05 62+ 1 2.04+0.08 63t 1 4740-5475 0.19
1228-0104  2.58:0.05 331 2.66+0.13 3r1 5890-6220 0.21
123540733  3.62:0.03 11%0 3.58+0.16 142t 1 5925-6050 0.22
1302-0037  1.45:-0.04 32:1 1.5A0.13 30t 2 4580-4820 0.20
13074-0422  2.510.04 146t 1 1.36+0.17 1714 5580-5660 0.23

White light polarization measurements are averaged ogewtiole spectrum, from 3800-85@0 Continuum polarization measurements are averaged over
the observed wavelength region listed in column 6. Maximuiterstellar polarizations along the line of sight using$eekowsky Law are listed in column 7.

© 2012 RAS, MNRAS000, [1H12
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between various quasar properties and polarization, dsawéle-
tween polarization properties, using the Spearman ranieledion
coefficient ¢s). These results are tabulated in Table 4. The first
two columns list the two properties examined, the third oolu
givesr,, the fourth column gives the two-tailed probability thag th
test statistic is significantly different from zer®,( ), and the final
column gives the numbernj of objects used in the test. We use
a cutoff of P, < 0.02 to identify significant correlations; these
values are typeset in bold in the table. With 29 tests perfoim
we expect fewer than one correlation to appear by chance give
our significance cutoff. There are two particularly inteires non-
correlations, which are shown in panels (a) and (b) of Fifire
Continuum polarization does not seem to correlate with; nor

the amount of reddening. These will be discussed furthezdtien
5.

We identify 5 significant correlations, which are shown drap
ically in Figure[2:

(1) An anti-correlation between polarization and the maxim
velocity of the Qv BAL outflow (Figure[4c). The sources with
large polarization seem to be outliers however, and serwesken
the correlation. Better coverage of very high polarizaonrces
may then make this correlation disappear.

(2) An anti-correlation between polarization angl;, of the
C1v BAL outflow (Figurel4d). This does appear to be an upper en-
velope rather than a true correlation, and is analogousetfiritling
by Lamy & Hutsemekers (2004) thatand the detachment index
(DI) form an envelope.

© 2012 RAS, MNRASD00, [1H12
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(3) An anti-correlation between continuum polarization &me
polarization in the Qv broad emission line (Figufé 4e). Again, the
relationship appears to form an envelope.

(4) The same as above, but for the\Cabsorption trough polar-
ization (Figurd_#f).

(5) A positive correlation between the polarization in thg M
emission line and absorption trough (Figlle 4g). Note thiatdor-
relation is only based on 13 points and is strongly drivenhsy t
two sources with large values of/p. andp./p.. Without these
sources, the significance of the correlation drops belowcatoff,
to P., = 0.038. Because of this, we will not consider this correla-
tion further until it is confirmed with more data.

1n

all cases excluding these objects makes the already s@mifor-
relations stronger, due the the fact that they appear |lkssefn-
velopes and more like true correlations. On the other hamnk of
the non-significant correlations become significant with ékclu-
sion of these objects.

Briefly, we compare these results to some of the similar tests
done by Lamy & Hutsemekers (2004). As stated above, we confirm
their finding of an upper envelope in thev,,., relationship (they
useDI, but this is very similar t@,,;,). While we do not perform
detailed spectral fitting here, we have done so for the VLAam
which is presented in DiPompeo et al. (2012b). We did nottifien
any correlation betweeBI and Fal strength (also seen by Wey-

We realize that it may appear that some of these correlations mann et al. 1991), nor betwed/ and the slope of the ultraviolet

are driven by the few objects with large polarization. Hoaren

© 2012 RAS, MNRAS000, [1H12

continuum. It is possible that these discrepancies poiatdifer-
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Table 3. Polarization properties of emission and absorption featin the new additions to the sample.

Object pe (CIV)  pe (CI])  pa (CIV) Z_i (Civ) Z_i (cm) Z—Z (Civ)
090540259 0.51 0.00 . 0.80 0.00
104441040 3.77 1.12 5.29 2.59 0.76 3.64
1102+1121 1.83 1.91 0.89 0.84
115940112 0.87 2.00 13.91 0.87 1.12 6.78
1228-0104 0.77 4.14 0.29 1.56
123540733 1.37 4.75 0.36 1.26
1302-0037 0.38 1.77 4.23 0.18 1.27 2.00
1307+0422 8.26 6.07

1 The continuum polarization for normalization in these olgavas measured bl
spectrum.

ueward of the emission lines becausiadiseare at the red edge of the

Typical uncertainties op. andp, are approximately 0.2-0.4%. See text for discussion ofathmeters. No measurements of polarization iniMge

measured here as they are not in the spectral window.
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Figure 3. The distributions of other polarization properties (aiklipolarizations are normalized by the redward adjaceritrearm): (a) The continuum polar-

ization position angle. (b)-(d) The @, Ci1], and Mgl emission line polarizati
respectively. Dotted lines mark the distribution means.

ence between radio-loud and radio-quiet BAL quasars. Wéraon
that there is no correlation betwepmand B, and therefore the re-
lationship found by Schmidt & Hines (1999) is probably natlre
However, we caution this could be due to the large number-of ra
dio sources in our sample, and could signify a differenceveen
radio-selected and radio-quiet BAL sources. We also doemtise
correlations between polarization in thexCtrough andB1, or be-
tweenp./p. in Civ and Cii]. Finally, we had seen a correlation
betweenM i and polarization with the Keck and VLT samples ana-
lyzed individually. However after more careful consid@ratof the
effects of reddening here, this correlation disappeaigufieidh).

We pointed out earlier that the VLT sample is heterogeneous,
in that it consists only of particularly bright and often ethe ex-
amples of BALs, and therefore we have also performed thesisal
with this subsample excluded to ensure that our resultsarbin
ased in some way (such as being driven by the brightest sgjurce
The remaining sample is homogeneous, in that it is simply-com
posed of radio-loud BAL quasars with a range of other propgrt

ons, respectively. (e)-(f) ThevGind Mgl absorption trough polarizations,

Without the VLT sample, in general, the above results holte T
percentages of highly polarized BAL quasars, including nvbiely
considering Hi or LoBALSs, do not change significantly. Thertds
seen in emission and absorption line polarizations renm@rsame
as well. The significance of the four correlations seen withtio-
uum polarization ¢maez, Vmin, Pe/pe (C1V), andp./p. (C1v)) do
drop below our significance cutoff, but this is mostly duehsit
appearance as upper envelopes rather than true corrslatiso-
ally, the relationships look quite similar. We do howevee see
emergence of a significant correlation betwdeh and the polar-
ization in the Qv emission line, withP,., = 0.01 (andn = 14).
However, there are quite a few large outliers, and as them® is
clear explanation of this relationship we believe it may Ioetreal.
No other correlations become significant with the exclusibthe
VLT sample.

© 2012 RAS, MNRASD00, [1H12
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Table 4. Correlation analysis of polarization properties.

Property 1 Property 2 rs Py n
Cont.p Qrad 0.034 0.836 38
Cont.p Ay (Ag) 0.101 (0.166)  0.448 (0.211) 58
Cont.p L, 0.170 0.287 41
Cont.p R* 0.282 0.074 41
Cont.p Mg 0.200 0.132 58
Cont.p BI (AI) 0.019 (0.022) 0.916 (0.890) 32 (41)
Cont.p VUmax -0.479 0.001 41
Cont.p Umin, -0.421 0.004 46
Cont.p pe/pe(C1V) -0.465 0.005 35
Cont.p pe/pe(CiNY) 0.143 0.379 40
Cont.p pe/pc(Mg ) -0.092 0.676 23
Cont.p Da/pPc(C1V) -0.407 0.017 34
Cont.p Pa/pc(Mgil) -0.086 0.749 16

BI (AI) pe/pe(Clv)  0.265(0.238) 0.200(0.195) 25(31)
Vmagz pe/pe(CIV) 0.241 0.192 31

Umin De/Pe(CIV) -0.058 0.741 35

BI (AI) pa/pe(CIV)  0.069 (-0.045)  0.734(0.807) 26 (31)

Umaz Da/pe(C1V) 0.317 0.082 31

Vmin Pa/pe(CIV) 0.391 0.022 34
pe/Pe(CIV)  pe/pe(Cill]) 0.299 0.108 30
pe/Pc(CIV)  pe/pc(Mgi) 0.445 0.169 11
pe/pe(CIV) Pa/pPe(C1V) 0.305 0.122 27
pe/Pc(CIV)  pa/pc(Mgil) -0.200 0.747 5
Pe/Pec(C])  pe/pc(Mgir) 0.251 0.349 16
pe/Pc(CMY)  pa/pe(CIV) 0.289 0.144 27
Pe/Pc(CN])  pa/pc(Mgil) 0.252 0.513 9
pe/Pc(Mgll)  pa/pc(Civ) -0.130 0.703 11
pe/Pc(MgN)  pa/pe(Mgi) 0.776 0.002 13
Pa/Pe(CIV)  pa/pe(Mg II)(b) -0.300 0.624 5

The first two columns give the parameters being compargts the Spearman rank correlation coefficient, &hd is the two-sided significance of its
deviation from 0. Values aF,., smaller than 0.02 are highlighted in boldis the number of sources included in each test.
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Figure4. Visualizations of the significant correlations shown haewell as some important non-correlations. From top lajtThe non-correlation between
p and a.q4- (b) The non-correlation betweenand Ay . (c) The correlation between and vm,q.. (d) The correlation betweep and v,,,;,,, Mmore of an
upper envelope. (e) The correlation betwegeand the Qv emission line polarization, also an upper envelope. (f) breelation betweep and the Qv
absorption trough polarization, another upper envelogeThe correlation between the Nigemission line and absorption trough polarization. (h) Once
corrected for reddening, there is no correlation betwkén andp. Note that in all panels, pluses denote HiBALs, squares t@eboBALs, and diamonds
denote FeLoBALs. The dotted lines in panels (d), (e) andré)eenpirically determined envelopes and are there to ghielesaders eye. All are simple power
laws.
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5 DISCUSSION

One of the primary motivations of this study was to look foroa-c
relation betweenv,..4 and continuum polarization. It is now very
likely that BAL quasars are seen along a wide range of viewaimg
gles, but this does not mean that the number of high-poloiza
sources is not related to orientation. If the most polarizedrces
are indeed seen edge-on, thenogs, decreases (becomes more
negative) the polarization should increase. As shown irep@) of
Figurel4, there is no correlation, suggesting that there istrong
relationship between viewing angle and polarization. Beisms to
rule out models where the polarization is only due to an emtge-
view of equatorial BAL winds with a polar scattering region.

One possible caveat is that the spectral index distribifion
this sample happens to be clustered aroufdb. This region of pa-
rameter space is somewhat ambiguous with regards to vieaving
gle due to the amount of intrinsic scatter in the,4-viewing angle
relationship (DiPompeo et al. 2012a, for example). Howetrer
range ina-.q4 for this sample does cover the full range of observed
spectral indices, from around?2 to 1. Additionally, the four most
highly polarized source (> 4%) would be considered flat spec-
trum sources. We see this as a clear indication that a BALcsour
need not be seen edge-on to be highly polarized.

Another simple explanation for the polarization in BAL
guasars could be related to their higher amounts of reddetfin
the direct, unpolarized continuum light from the accretitisk is
attenuated by the dust in the wind, then the ratio of scatteme
direct light in BAL sources is higher than in non-BAL sources
leading to higher polarizations on average. The discovérgbe
jects like FIRST J1556+3517 seemed to support this viewt as i
is one of the most highly polarized and highly reddened BAL
quasars known. The percentages of highly polarized sowges
subclass found here also seem to support this view. It is know
that FeLo/LoBAL quasars are more reddened than HiBAL qsasar

M. A. DiPompeo, M. S. Brotherton, C. De Breuck

(notice in panel (b) of Figurgl 4 that the most reddened ssLace
almost all FeLo/LoBALs; see also DiPompeo et al. 2012b), and
they are nearly twice as likely to have polarizations abdie 2

However, Lamy & Hutsemekers (2004) saw no correlation be-
tweenp and a.,.,, which is a fairly good indicator of the amount
of reddening. We confirm that here with our measuremem pf
(and Ay), as shown in panel (b) of Figufg 4. Clearly there are
sources with a significant amount of reddening that are rgitii
polarized. Likewise, there are sources without significadden-
ing that appear highly polarized, particularly the two s@srwith
very high polarization (nearly 8%) and values4{ only around
0.1-0.2. Some have speculated that BAL quasars are irgaihsi
bluer than non-BAL quasars (e.g. Reichard et al. 2003), anitl s
is possible that the amount of reddening measured heretalbct
an underestimation. However, unless the intrinsic contimshape
in BAL quasars depends strongly on some other fundamental pa
rameter (i.e. it can vary significantly between sources3,should
simply have a systematic effect on our measurements and-no ef
fect on the correlation analysis. Thus, it seems that dalsteneing,
like orientation, is insufficient to explain the polarizatiin BAL
quasars. This is also supported by the lack of a correlagtwden
polarization andR*.

As previously mentioned, we do confirm that on average broad
emission lines (BELSs) are less polarized than the surragndon-
tinuum (or at a level similar to the continuum). This is getigr
interpreted to mean that the BEL region lies either cointiaeth
or outside the scattering region. This may be the case in mbny
jects, however for all emission lines there are a significamhber
of sources where the polarization does increase. In facthasn
in Figure[3 (panels b-d), the distributionsaf/p. appear approxi-
mately Gaussian around 1. This seems to indicate that theig-i
nificant variation in the scatterer location relative to BIEL re-
gion.

The BAL troughs, on the other hand, seem to be almost always
more polarized than the surrounding continuum, and theilolist
tions in Figurd B do not appear normal as they do for the BELSs.
Obviously there is significant blocking of the direct contiim light
in the BALSs, and so this naturally leads to an increase inrpala
tion and supports the idea that the polarization is indeetlitoto
scattering well outside the BAL region. The polarizationrgase
in the Civ BALs is generally stronger than in the NigBALs,
likely because the @/ troughs are often much deeper than the
Mg 11 troughs, and in some cases almost completely black. An ex-
treme example of this is seen in the spectropolarimetryspimt
1159+0112 in Figurgll (d), where the polarization jumps tarne
14% in the very deep & BAL (as well as the N/ BAL).

Spectropolarimetry can be particularly useful for soungith
resolved radio jets, because it allows a comparison betieera-
dio jet position angle and the polarization position aniléth a
more edge-on view and scatterers in a polar region (maybeieve
the jet itself), we expect these position angles to be rqughbt-
pendicular. Alternatively, a more pole-on view with an etguigl
scattering region will have these position angles parditeleed,
the former is generally the case, for both quasars and typ8I A
(di Serego Alighiere et al. 1993, Vernet et al. 2001, Brdihreet
al. 2006, DiPompeo et al. 2010, 2011a), but the numbers aie qu
small. Unfortunately, none of the newly observed sourcesgmted
here are resolved by FIRST or our own observations and somve ca
not apply this test. Since our other results seem to rule pidgtare
in which BAL quasar polarization is due to orientation alpite
may simply be that the sources sufficiently resolved enoagieé
radio jets are generally seen edge-on and the scatterédqwigich
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may occur in multiple regions) is dominated by that from to&p
regions.

Lamy & Hutsemekers (2004) identified the correlation be-
tween polarization ané I as potentially one of the more important
ones, and argued that it had a natural explanation in otientésee
their Figure 8). While we confirm this correlation here via mea-
surement ob,.;», and do not deny that their interpretation seemed
reasonable, it is difficult to accept given some of the newiffigs!
here (and other recent BAL studies). In particular, thetlaat more
evidence is mounting that polar BALs exist and there is noezor
lation between polarization and.,; seems to rule out this simple
picture. Also, we do not see a correlation betwegn; andv.min,
neither with this sample nor with the VLA sample.

One possibility is that some BAL outflows are launched in
bursts, while others are more continuous in nature, regssdbf
which direction they are launched in, and polarization deid
due to scattering off the winds themselves. In this caseconén-
uous flow through which we see all velocities (sm@ll or vynin),
there is sufficient material for light to scatter from and gyada-
tion may or may not be seen, depending on the projected snatte
geometry. Thus, sources with smal};,, can have a range of po-
larizations. In sources where BAL clouds are launched inratbu
and we only see the absorption after the cloud is acceletated
high velocity (largev...»), there isn’t much material behind it to
scatter continuum light, and so largg,;, sources are always low
polarization.

The anti-correlation/upper envelope in theGabsorption and
continuum polarizations has a relatively natural expliamatOb-
jects in the upper left of this plot probably have scatteongurring
outside the absorbing outflow, such that the scattered igghot
absorbed and we see a high polarization in the absorptioighso
where direct light is severely attenuated. Objects in thestchalf
of the plot likely have both scattered and direct light bedtten-
uated, indicating that the scattering occurs interior ® dbsorb-
ing region causing the polarization in the line and continuo be
similar. The relative locations of the scatterers and dlisgrwind
cause the scatter around one here. The region devoid of g@gteb
is probably due to the amount of polarization possible ireoty
seen at these viewing angles. For example, an object witma co
tinuum polarization of about 4% would need to have a poléiora
of above 12% in the absorption trough to even begin to falvabo
the upper envelope seen. For an object with 8% continuunr-pola
ization, it would need to have polarization in the line abaveund
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than the equatorial one, since it seems that BAL outflowsgpdany
line of sight have similar properties (DiPompeo et al. 2Q1#ds

likely that there are multiple scattering paths, evidengogdhe re-
sults above as well as the rotation of the polarization oséngle
across absorption features seen in many objects, and & beuhat
the winds themselves are the scatterers.

6 SUMMARY

We have presented new spectropolarimetric observatio88ai.
quasars from the sample of DiPompeo et al. (2011b), and cedbi
these measurements with the observations presented bynp#®o

et al. (2010, 2011a) in order to analyze the polarization At. B
guasars as a group. Many of our objects are radio selected, an
have radio spectral indices available as an orientatiocicanor. \We

find that about 30% of BAL quasars are polarized at a leveltgrea
than 2%. When split into subclasses, FeLo/LoBALs are ahwiatt

as likely to be highly polarized. However, we also find thalapo
ization does not correlate with either radio spectral indexhe
amount of intrinsic reddening, despite the fact that Feb&ALs

are redder on average. This suggests that the polarizatiBAL
guasars cannot be explained by a preferred viewing anglbeor t
blocking of direct unpolarized continuum light alone. Whihese
could both be important factors, or some other as yet unknown
mechanism, it seems there is significant variation betwearces
and one mechanism may dominate for some objects while anothe
dominates for others.

We also find that while on average the polarization in broad
emission lines is lower (or similar to) the continuum, thappears
to be a smooth distribution with a non-negligible numberafrses
not following this trend. This is another indication of sificant
variation among sources in the scatterer location and gegpme
BAL troughs on the other hand, are almost always more p@driz
than the surrounding continuum, with few small exceptions.

We identify a few correlations between various quasar prop-
erties and polarization, as well as between some polasizatiop-
erties. There is an inverse correlation (really more of gueugn-
velope) between continuum polarization and the minimum BAL
outflow velocity, confirming results from other groups. A gam
relationship may exist with the maximum outflow velocity bet
BAL trough, though it is of lower significance and there area f
guestionable outliers. Both the polarization in thevGemission

15%. Since we know these objects are not seen beyond abdut 40 line and absorption trough decrease with continuum paédn.

from the symmetry axis in the most extreme cases (DiPompelo et
2012a), modeling has shown that these polarizations beddfire
cult to achieve even if all of the direct light is absorbed Mtihe
scattered light is not absorbed at all (Brotherton et al3)99

The anti-correlation between continuum polarization drel t
polarization in the Qv emission line is more difficult to interpret.
Itis likely that the zone of avoidance here has a similar axation
as above. However, the absorption of direct and/or scattiyet is
required to explain the other regions, so it cannot be useggin
this relationship with emission lines.

All of these results seem to paint a picture in which the rela-
tively high polarization of BAL quasars could be due to a ritudte
of factors, and one explanation such as an edge-on view f@sim
insufficient. Clearly BAL quasars along any line of sight dam
highly polarized, and BAL quasars with various amounts délen-
ing can have similar polarizations. The two-component wiradlel

While a simple orientation-dependent picture for the polar
ization in BAL quasars similar to what is found for Seyferpey
galaxies is nice in principle, it appears that it does notkwoprac-
tice. Moreover, it appears that there is significant vasiabietween
sources in scatterer location and geometry, which may make i
ficult to use spectropolarimetry as a tool to analyze BAL quaas
a group, though it is potentially useful for detailed studiyndivid-
ual objects.
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