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ABSTRACT

Composite spectra of 85 proximate absorbers l¢g 1) > 20 cnt? and velocity difer-
ence between the absorption and emission redg\iftc 10,000 km s') in the Sloan Digital
Sky Survey are used to investigate the trends of metal Ine@gths with velocity separation
from the QSO. We construct composites in 3 velocity bitg: < 3000 km s, 3000< AV
< 6000 km st andAV > 6000 km s?, with further sub-samples to investigate the metal line
dependence oN(H 1) and QSO luminosity. Low (e.g. Sill and Fell) and high iortiaa (e.g.
SilV and CIV) species alike have equivalent widths (EWs} dra larger by factors of 1.5 -3
in the AV < 3000 km s composite, compared to th¢/ > 6000 km s? spectrum. The EWs
show an even stronger dependencebtif only the highest neutral hydrogen column density
(log N(H1) > 20.7) absorbers are considered. We conclude that PDLAs@gnleave higher
metallicities than intervening absorbers, with the enleament being a function of bothV
andN(H1). It is also found that absorbers near QSOs with lower nesté UV luminosities
have significantly stronger metal lines. We speculate thabders near to high luminosity
QSOs may have had their star formation prematurely quenétieally, we search for the sig-
nature of dust reddening by the PDLAs, based on an analysieed®SO continuum slopes
relative to a control sample and determine a limit oBE(V) < 0.014 for an SMC extinction
curve. This work provides an empirical motivation for digfuishing between proximate and
intervening DLAs, and establishes a connection betweei@Q®@ environment and galaxy

properties at high redshifts.
Key words:

1 INTRODUCTION

Damped Lyman alpha (DLA) systems with small velocity separa
tions (typicallyAV <3000 to 5000 km ) from the systemic red-
shift of the background QSO are traditionally excluded byshsta-
tistical surveys (e.g. Lanzetta et al. 1991, 1995; Wolfel.e1295;
Storrie-Lombardi et al. 1996; Ellison et al. 2001; Perouxakt
2001; Jorgenson et al. 2006; Ellison et al. 2008; Prochasikénle
2009; Noterdaeme et al. 2009). The logic for ¥ criterion was
originally imposed to avoid absorbers that were not reprasize

of the intervening population (e.g. those clustered araha®S0O),

or directly associated with the QSO host or its outflows. A fur
ther concern for smal\V absorbers is that proximity to the intense
QSO radiation field may alter the internal ionization bakn€the
galactic interstellar medium (ISM). In turn, this coulddega the re-
quirement for complex ionization corrections when coringrob-
served column densities into elemental abundances. [Besmite
notable exceptions (Prochaska et al. 2002a,b; Dessawyesiaky
et al. 2004, 2006; Milutinovic et al. 2010), ionization caetions in
intervening DLAS can generally be ignored, even when theroal
density is relatively low.

Although these proximity concerns have driven DLA selec-
tion criteria for two decades, there is relatively littlesglvational
evidence to support the imposition of a velocity cut. Apaohi a
higher incidence by a factor of 2—4 (Ellison et al. 2002; Russell,
Ellison & Benn 2006; Prochaska, Hennawi & Herbert-Fort 2008
the only empirical evidence that the proximate DLAs (PDLA#)
fer from the intervening absorbers has been the higherénciel of
Lya emission detected in the DLA trough (Mgller & Warren 1993;
Mgller, Warren & Fynbo 1998; Hennawi et al. 2009). The QSO’s
radiation does not manifest itself in grosffdiences in highly ion-
ized ISM species. For example, Fox et al. (2009) found no evi-
dence for a more frequent occurence of NV. The CIV and OVI col-
umn densities of the proximate absorbers are also indigghgble
from the intervening population (Fox et al. 2007a, 2007lhoagh
larger samples are needed to confirm this. It has also been con
cluded by Rix et al. (2007) (based on the few PDLAs with high
resolution echelle spectra) that their chemical abundpatterns
and overall metal enrichment are consistent with the ieteng
population.

We have recently re-assessed the chemical properties of PD-
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Figure 1. Distribution of absorber (absorption redshifty Eblumn density
and velocity dfset from the QSO systemic redshift) and QSO (luminosity)
properties measured from the SDSS spectra for our sample BD& As.

LAs using a sample of 16 absorbers witk' < 3000 km s? using
high resolution echelle data. In Ellison et al. (2010) weorégd
the first evidence that some PDLAs do exhibit both distinctaine
enrichment and evidence for ionization by a hard radiatmrrce.
Specifically, it was found that although the proximate absos can
indeed display a wide range of metallicities, at higfH 1) they are
typically a factor of 3 more metal-rich than the intervenjmapu-
lation. Although many of the proximate absorbers exhibit itV
cluding absorption with large velocityisets), the most intriguing
evidence for a hard radiation source came from non-solan-abu
dances of S and Ar. Expansion of the PDLA data set is clearly re
quired to confirm these initial findings and to understandctse-
by-case dependence on QSO proximity.

In this paper, we take a complementary approach by lever-
aging the large statistical power of the Sloan Digital SkyvBu
(SDSS). Although the majority of DLA abundance studies ae p
formed at resolution® ~ 40,000, with high enough/N it is pos-
sible to detect even weak, unsaturated lines in spectraevess
olution is an order of magnitude lower (e.g. Pettini et al94Q
Our strategy here is to construct higfiNScomposite spectra with
various criteria (e.gAV, N(H1), QSO luminosity), in order to in-
vestigate which quantities most significantijeet the metallicities
of the PDLAs.

Unless otherwise stated, we assufg = 0.3, Q, = 0.7 and
Ho = 70 km st Mpc 2.

2 SAMPLE SELECTION

2.1 PDLA sample

The largest compilation of PDLAs is the SDSS data release @R
sample of Prochaska et al. (2008b, hereafter PHHF08). Titempa

sample used by PHHFO08 to search for PDLAs excluded broad ab-

sorption line (BAL) QSOs and required @\&-4 over at least one

region of 20 consecutive pixels. The resulting PDLA samjgle-c
tains 108 absorbers withV < 3000 km s* and logN(H1) > 20.3.

In addition to its size, a second motivation for the adoptbthe
PHHF08 sample is that PHHF08 have re-computed the systemic
redshifts of those QSOs with proximate absorbers, acaogifdir
the well-known systematic blueshifts that are incurred nvhe-
ing rest frame UV lines such as &yand CIV (e.g. Gaskell 1982).
Throughout this paper, we use the valuezgf (determined from
the centroid of the strongest low ion) ang, reported by PHHFO8
to compute the values afV. The revised values dt, take into
account systematic shifts between the observed emissies éind
those that are generally considered to be reliable estmnafahe
systemic value (such as Balmer and oxygen recombinati@s)in
Uncertainties on these systematic shifts are typicallyefendred
km s1. In order to explore the impact of QSO proximity on DLAS,
we extend the nomindll(H 1) andAV criteria to include proximate
absorbers with logN(H1) > 20 andAV < 10,000 km s!. These
cuts are motivated by the practical limitations of SDSS%ote-
tion and the availability of improved redshifts in PHHFO$eFe
are 326 absorbers that fulfill tHé(H1) andAV criteria. The sam-
ple is reduced by requiring that the spectroscophd &tio in the
i-band (as reported in the SDSS fits header) exceeds 10. Wexalso
clude one absorber towards a BAL QSO that was not flagged in the
original filter by PHHFO08 (J014049.18-083942.5). The firahs
ple consists of 85 proximiate absorbers with @ 1) > 20,AV <
10,000 km s, SN > 10 and improved estimates af;, (Table[1,
Figure[Al). Figurd L shows the distribution of QSO and absorb
properties. 11 absorbers in the final sample haveN@d) < 20.3.
Although DLAs are more strictly absorbers with IbiH 1) > 20.3,
and ‘proximate’ absorbers usually considered to be withB000
km s of the QSO, for convenience, we will use the term ‘PDLA
to refer to the 85 members of the sample studied in this paper.

2.2 Control sample

A handful of the strongest metal transitions can be seerdimiak

ual SDSS spectra. In order to compare the equivalent widi#)(E
distributions of the Silk 1526 line (which is not only strong but of-
ten located redwards of the &yforest) in the PDLAs and interven-
ing DLA population, a sample of 85 intervening DLAs is assem-
bled as a control sample. The control sample is drawn frorDRg
DLA catalogue of Prochaska & Wolfe (2009), supplementedhwit
a non-statistical sample of lower column density absorfresall
that the PDLA sample extends to |dH 1) = 20). For each PDLA,
the intervening DLA which is the closest simultaneous match
Zaps N(H1) and QSO fibre magnitude is determined. The fibre
magnitude criterion is included in the matching processhso &
similar spectral B\ is achieved. Once a match is made, the inter-
vening DLA is not replaced and can not be considered as a match
for a different PDLA. We also require that the SHl1526 line is
redwards of the QSO’s lyline, i.e.Zem < 1.255% (1 + Zypg — 1.

A Kolmogorov-Smirnov test (KS) is performed to ensure thns t
control sample properties are well matched to the PDLAs.K&e
probabilities are 92%z(,9, 83% (N(H1)) and 98% {( magnitude)
indicating that there is no flerence in the distribution of these
properties between the DLAs and PDLAs.

A second control sample is constructed in order to assess the
extinction properties of the PDLAs via the comparison ongibec-
tral slopes of QSOs with and without PDLAs (Secfidn 5). The-co
trol sample is drawn from the list of DR5 QSOs with> 2, no
PDLA and no strong BAL features, as determined from visual in
spection. We do not exclude QSOs with intervening DLAs beeau
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QSO imag Plate MJD  Fibre  Zm Zabs log N(H1) AV (kms1
J012747.88140543.2 1856 0425 51898 278 2.4877 2.4416 20.30 3991.57
J014214.74002324.3 18.08 0401 51788 500 3.3734 3.3481 20.40 1733.61
J023903.43-003850.8 18.71 0408 51821 134 3.0782 3.0185 3520. 4371.54
J025518.58004847.6 18.87 0410 51816 466 3.9936 3.9145 21.40 4771.41
J073718.16323631.5 19.10 0541 51959 151 3.0175 2.8926 20.30 9487.00
J075901.28284703.4 19.02 0859 52317 453 2.8550 2.8223 21.05 2532.00
J080050.28192058.9 18.89 1922 53315 152 3.9533 3.9465 20.25 448.52
J081240.68320808.6 17.43 0861 52318 333 2.7045 2.6259 21.30 6391.40
J081256.05563746.9 18.80 1872 53386 474 3.3170 3.2251 20.00 6425.95
J081256.05563746.9 18.80 1872 53386 474  3.3170 3.3387 20.35 -1310.54
J081518.56291153.9 19.33 0930 52618 593 4.2552  4.2588 20.50 -205.44
J082107.64310751.2 17.04 0931 52619 491 2.6193 2.5347 20.15 7060.41
J082531.88263619.2 18.93 1267 52932 051 2.5640 2.5409 20.45 1933.80
J082612.54451355.7 19.16 0548 51986 167 3.8170 3.7068 20.50 6979.90
J082638.59515233.2 17.02 0442 51882 528 2.8438 2.8333 20.80 820.62
J083510.92065052.8 18.37 1297 52963 517 3.9781 3.9556 20.35 1359.00
J083914.14485125.7 18.64 0550 51959 460 2.9673 2.9692 20.60 -136.08
J090017.63490001.9 18.72 0765 52254 306 3.2080 3.2054 20.95 185.42
J090033.49421546.8 16.78 0831 52294 201 3.2954  3.2456 20.30 3477.11
J090940.6%330347.6 1851 1272 52989 022 3.7835 3.6583 20.60 7922.54
J091210.35054742.0 18.09 1194 52703 257 3.2407 3.1231 20.35 8398.34
J091223.02562128.5 18.75 0451 51908 312 2.9816 2.8894 20.55 7027.37
J091548.98302542.6 18.85 1936 53330 614 3.1928 3.0678 20.45 9091.90
J092914.49282529.1 17.54 1940 53383 441  3.4044 3.2629 21.10 9743.62
J093019.58423803.9 18.86 0870 52325 042 3.7363 3.6098 20.20 8119.55
J094453.89372840.2 18.81 1276 53035 172  3.3397 3.3356 20.45 262.81
J095256.41332939.0 18.74 1945 53387 032 3.3962 3.3468 20.70 3369.33
J095744.46330820.7 18.15 1948 53388 137 4.2088 4.1794 20.45 2039.99
J095817.81494618.3 18.64 1006 52708 474 2.3555  2.2909 20.65 5831.18
J095937.14131215.4 17.43 1744 53055 368 4.0717 3.9131 20.15 9540.28
J100409.35120256.5 18.87 1744 53055 109 2.8804 2.8006 20.60 6232.89
J101725.88611627.5 18.13 0771 52370 155 2.8069 2.7681 20.60 3073.19
J102611.35341459.9 18.45 1958 53385 449 3.3991 3.4141 20.60 -1021.19
J102619.09613628.8 18.43 0772 52375 227 3.8442 3.7853 20.35 3657.30
J103403.8¥380248.4 18.15 1998 53433 343 3.5605 3.5161 20.70 2948.23
J104837.40-002813.6 19.28 0276 51909 313 4.0070 3.8880 65 20. 7214.72
J105123.08354534.3 1854 2090 53463 105 4.8990 4.8208 20.40 4003.30
J110855.4¥120953.3 18.62 1604 53078 383 3.6737 3.5453 20.75 8302.28
J111151.60133235.9 17.15 1752 53379 242 24328 2.3820 20.30 4401.43
J111611.73411821.5 18.04 1439 53003 595 2.9829 2.9426 20.20 3012.79
J113002.34115438.3 18.39 1606 53055 102 3.3939 3.3171 20.20 5226.94
J113008.19535419.8 17.60 1014 52707 211 3.0495 2.9870 20.25 4575.67
J113130.43604420.7 17.60 0776 52319 250 2.9069 2.8755 20.50 2428.55
J113354.89022420.9 18.92 0513 51989 428 3.9865 3.9147 20.65 4332.45
J115526.34351052.6  18.85 2035 53436 011 2.8374 2.7582 20.70 6247.59
J120359.0¥341114.2 1858 2099 53469 635 3.7484 3.6740 20.60 4718.10
J120359.0¥341114.2 1858 2099 53469 635 3.7484 3.6860 20.60 3917.08
J121324.58423538.5 18.85 1450 53120 455 3.7663 3.7646 20.60 56.65
J122040.23092326.8 18.05 1230 52672 066  3.1462 3.1322 20.75 978.39
J123840.93343703.3 18.44 2020 53431 490 25718 2.4712 20.80 8551.19
J123937.56343701.8 18.41 2020 53431 501 2.4632 2.4812 21.10 -1727.50
J124138.32461717.0 1857 1455 53089 257 2.7697 2.6672 20.70 8300.70
J124640.3¥111302.9 18.02 1694 53472 085 3.1475 3.0975 20.45 3594.52
J125659.4¥301439.0 18.71 2011 53499 388 2.9457  2.8805 20.70 4967.33
J125759.22-011130.2  18.64 0293 51994 127 41120 4.0208 30 20. 5358.04
J125832.14290903.1 18.95 2011 53499 171 3.4830 3.3512 20.55 8928.92
J130152.57-030729.3  18.47 0339 51692 277 3.0706 3.0510 5020. 1336.92
J130426.15120245.5 17.93 1696 53116 278 2.9775 2.9135 20.55 4835.33
J130426.15120245.5 17.93 1696 53116 278 2.9775 2.9289 20.35 3726.19
J132235.12584124.6 18.63 0959 52411 237 2.8507 2.8183 20.50 2511.27

Table 1. 85 PDLAs used in this study. Magnitudes are in the Petrogiates and are corrected for Galactic extinction.
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QSO imag Plate MJD  Fibre  Zm Zabs log N(H1) AV (kms1
J133724.69315254.5 1854 2109 53468 052 3.1829 3.1742 21.30 617.43
J135305.18-025018.2  18.70 0914 52721 235 2.4149 2.3618 3020. 4647.59
J135317.14532825.5 18.29 1043 52465 492 2.9153 2.8346 20.80 6192.41
J135803.97034936.0 18.62 0856 52339 196 2.8937 2.8535 20.40 3113.30
J135842.92652236.6 18.70 0498 51984 398 3.1731 3.0641 20.30 7576.96
J135936.23483923.1 18.44 1671 53446 305 2.3641 2.2572 20.40 9647.59
J141906.32592312.3 17.69 0789 52342 368 2.3189  2.2467 20.95 6597.23
J141950.54082948.2 18.66 1811 53533 198 3.0344 3.0504 20.40 -1157.78
J142446.29054717.3 17.91 1827 53531 269 2.3944  2.3072 20.40 7751.38
J144127.66475048.8 18.80 1674 53464 608  3.1977 3.2130 21.05 -1091.46
J145329.53002357.5 18.49 0309 51994 423 2.5417 2.4436 20.40 8389.79
J145429.65004121.2 19.42 0309 51994 466  2.6567 2.5657 20.15 7667.94
J150726.32440649.2 17.80 1677 53148 424 3.1133 3.0642 20.75 3595.06
J152413.35430537.4 18.86 1678 53433 614 3.9196 3.8809 20.70 2399.96
J154153.46315329.4 17.53 1581 53149 220 2.5530 2.4434 20.85 9388.11
J155814.53405337.0 18.85 1054 52516 602 2.6403 2.5521 20.30 7356.66
J160413.9¥395121.9 17.95 1055 52761 459 3.1542 3.1625 21.75 -656.45
J164716.62313254.4 1853 1341 52786 025 25173 2.4936 20.25 2028.25
J170353.98362439.6 18.91 0820 52438 631 2.4764 2.4186 20.25 5046.92
J173935.2¥575201.7 19.06 0358 51818 605 3.2081 3.1357 20.35 5242.13
J210025.03-064146.0 18.21 0637 52174 370 3.1295 3.0918 0521. 2729.34
J211443.94-005532.7  18.68 0986 52443 185  3.4245 3.4420 5020. -1211.24
J223843.56001647.9 19.02 0377 52145 560 3.4499 3.3654 20.40 5750.84
J231543.56145606.4 1858 0745 52258 355 3.3769 3.2735 20.30 7149.85
J232115.48142131.5 18.44 (0745 52258 232 2.5539 2.5729 20.60 -1607.98

Table 1. Continued. 85 PDLAs used in this study.

the PDLA sample will have the same statistical occurencen-of i
tervening absorbers. In order to reduce the statisticanainty in
the properties of our control sample, multiple control speare

has three advantages over a mean combination. First, thiamisd
more robust against spurious spectral features and a somaber
of absorbers with extreme absorption properties. Secdwdun-

matched to each PDLA spectrum. The best match for each QSOabsorbed continuum has a value very close to unity in the anedi

with a PDLA in absolute Petrosianmagnitude and., is taken
from the list of non-PDLA QSOs (without replacement) reisigjt
in a sample of 85 control QSOs. The KS probabilities thatithe
magnitudes and., of the PDLA and control QSOs are drawn from
the same distribution are calculated. The process is regeadth
each iteration taking the next best simultaneous maté¢kam z.,
until the KS probability of one of the two quantities dropddve
30%. This process yields 20 control QSOs for every PDLA QSO.

3 COMPOSITE SPECTRA

Before creating data stacks, the absorption redshift oéterd
by PHHFO08 was checked by fitting gaussians to three transitio
in the SDSS spectra, where detected: B02, Sill 11304 and
Sill 11526. The average of the metal line redshifts was adopted for
spectral stacking. The meaffget between the values reported by
PHHFO08 and our mean metal line redshifts is 0.060P01, where
0.001 corresponds to 75 km'sat z=3. The SDSS pixel scale is 69
km s per pixel, so the typical shifts are 1 pixel. As stated above,
theAV values are still calculated based on the PHHF08 redshifts fo
easy reference and comparison to that work.

All of the spectra are shifted to the rest-frame of the proxi-
mate absorber as determined from the metal lines or usingritpe
inal Lya redshift in 3 cases where no metals were detected. The
spectra are normalized using continua that are fit using tae S
link software DIPSO. Composites are made by median combin-
ing the individual normalized, rest-frame spectra. Ushgrhedian

composite. The mean composite ifeated by other absorption (at
different redshifts) resulting in a continuum level noticabéjaw
unity. Nonetheless, we have performed the analyses in #psmp
for both mean and median composites and the basic conctusion
are unchanged. Figuté 2 shows the stack of all 85 absorbbes. T
composite has a/8 ~ 150 at<2000 A, decreasing te60 at 2500

A. Note the diferenty-axis scales in the ffierent panels to accentu-
ate absorption feature detections. ThHN & high enough to detect
relatively weak species such as Sil1808, Nill 1 1741 and Znl
2026.

In Figure[3 we divide the sample into three approximately
equal-sized samples basedsvi. The cuts are made AV < 3000
km s* (29 absorbers), 3000 AV < 6000 (27 absorbers) and 6000
< AV < 10,000 km st (29 absorbers). The mediat(H 1) of the
absorbers in each of the velocity sub-samples is 20.6, 204 a
20.5 respectively. PHHFO8 quote typidéH 1) errors of 0.15-0.20
dex, indicating that the\V sub-sample dierences are not signif-
icant. We also compare each of the samples with a Kolmogorov-
Smirnov test and confirm that there is no statistical disidmdn the
N(H1) distributions. The velocity sub-samples are further dixa
by N(H1). When dividing byN(H 1) we do not aim to equalize the
number of spectra contributing to each composite. Insteacare
motivated by the physical distinction that might arise as tBM
of the proximiate absorbers becomes more shielded. In &{ir
and[6 we show the composite spectra of QSOs withN¢ig 1) <
20.7 and logN(H 1) > 20.7 absorbers respectively [for clarity, only
the lowest AV < 3000 km s') and highest4V > 6000 km s?)
velocity sub-samples are shown].

Assuming that th&l(H 1) distributions of the threAV samples
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Sample # Absorbers  SH1253 0I11302 SilVA1393  Silla1526 CIVa1548  Fell11608 z < Zaps>
(mA) (mA) (mA) (mA) (mA) (mA) (Zo)
All 85 373 368:8 2426 366:8 3578 1806 134 3.18
AV < 3000 km s? 29 45:5 461+15 3755 455:5 710:7 293:11 125 3.25
3000< AV < 6000 km s? 27 36t4 385:10 220:10 3457 308t5 17147 137 3.23
AV > 6000 km s1 29 33210 203:5 313t6 2177 1455 1/43 3.07
AV < 3000 km 1, N(H1)<20.7 18 4910 395:15 358:8 344112 64110 18Q:10 137 3.30
3000< AV < 6000 km s1, N(H1)<20.7 23 309 370:13 230:15 372:10 339:10 156:15 134 3.21
AV > 6000 km 51, N(H1)<20.7 20 32015 23913 326:15 244:10 12110 140 3.16
AV < 3000 km s, N(H1)>20.7 11 516 800:26 430:13 78712 750:20 383:15 112 3.15
3000< AV < 6000 km s, N(H1)>20.7 4 417 441+15 102:20 29720 31525 225:20 148 3.36
AV > 6000 km s, N(H1)>20.7 9 29510 120:14 304:6 164:10 1727 1/45 2.86
AV < 3000 km s1, L1500 < 4 x 1073 14 60:10 53217 415:21 50Q:15 735:20 325:23 Y22 2.99
AV < 3000 km s1, Lyis00> 4 x 10%3 15 <120 45520 306:13 355:15 695:15 242:20 136 3.49

Table 2. Rest-frame equivalent widths for the full composite sanapld threeAV sub-samples. The penultimate column indicates the n@tplis a fraction
of the solar value, according to the EW(SiI1526)-metallicity relation of Prochaska et al. (2008a)eTop line refers to the composite shown in Fidure 2.
The second section refers to tha8 composites shown in Figué 3. The third section refers tdahveand highAV samples with lowN(H 1) shown in Figure
[Bl. The fourth section refers to the low and highl samples with highN(H 1) shown in Figuréls. The fifth section refers to cuts in QSO husity shown in

Figure[T.

are comparable, for a given metallicity the EWs of the vesimetal

species should also be comparable in the absence of anyrproxi

ity effects. From FigurEl3 it is visually striking that the majority
of absorption lines are strongest in the low&st composite. This
is investigated quantitatively by measuring absorptioe kquiva-
lent widths. EWs are determined using single gaussian ftsirwi
IRAF's sprot task. For the CIM111548, 1550 doublet the deblend-
ing option was used since the lines have mild overlap in stadth
the highest CIV EWSs. Deblending was also necessary for the Ol
1302 transition in some of the composites (where blendirtp wi

Sill 2 1304 was evident). The rest-frame EW of several detected

transitions are given in Tablé 2 and Figlite 4 provides a @urti
sual representation of how the EWs vary as a function\df In
most cases, errors in continuum placement dominate oveststa
cal error. The EW errors listed in Talflk 2 reflect the rangeatifes
obtained over multiple fit realizations rather than the fakerror
from the random noise.

4 RESULTSFROM COMPOSITE SPECTRA
4.1 Metallicity indicators

Sill and Fell are commonly used as indicators of DLA metddfic
due to the relatively large number of observable transitieith a
range of oscillator strengths. The Fall608 line is often unsat-
urated in intervening DLAs. For comparalbiN{H 1) distributions
in the three sub-samples, and under the assumption thahéhis |

unsaturated, the EW of Felll608 can therefore be used as a rela-

tive metallicity indicator. From Tablgl 2 we see that the EWFefl
11608 is twice as large in th&V < 3000 km s! sample than the
AV > 6000 km s* composite. For PDLAs with 3008 AV < 6000
km s! the strength of Fell1608 is intermediate between the two
samples, being 20% larger than measured in the higk' com-
posite. Figur€3 shows that the same trend is present for Beie
lines. The mean absorption redshifts of the composite spece
given in Tabld® in order to indicate anyfects that might be at-
tributed to metallicity evolution. As a guide, Dessaugesatisky
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Figure 4. For three diferent absorption species, the rest-frame equivalent
width is plotted as a function cAV. The top panel shows measurements
from the composite spectra of the full PDLA sample (see digosecond
section in Tabl€]2). The middle and lower panels show the E\&asured

in the composite of spectra of the low and higfH 1) sub-samples respec-
tively (third and fourth sections fo Tadlé 2).



Proximate DLAsinthe SDSS 7

11 ¢ . 12 .
L . ] 1 L ;
i S : ]
>< 1 w i ‘ ] x 0.8 - §
= . 209 ] = r ]
P E £ L ] £ 0.6 L ]
E 0.8 |+ . g | ]
7: r 1 0.4 r Ol Sill ]
0 e ] 0.7 L i ] 0.2 L. T T R 1
1200 1210 1220 1240 1250 1260 1295 1300 1305 1310
Rest wavelength (A) Rest wavelength (&) Rest wavelength (&)
1.2 e 1.2 1.2
1 ) L . ! ]
L ] r ] 1
r 1 0.8 - L ]
> C ] » r ] >
ERa 1 2 - —
S 1 Eoel | 1 =osf .
s \ \ 1 F | ] i F‘]H 1
[ : ] 0.4 - Sill CIV B r e 1
0.4 I Silv B i 1 0.6 5 5
I RN BRI R o2 Lo L v 1 ] T R ERRIIN RS
1380 1390 1400 1410 1520 1530 1540 1550 1590 1600 1610 1620
Rest wavelength (R) Rest wavelength (&) Rest wavelength (4)
1.2 T ] 1l 71 1.2 r T T T .
1 : : . [ ] 1 %LI :
r ] L : i ] 0.8 f
% 0.8 1 7 . i ] " : ]
5 i ] = 0.9 ¢ 7 506 F =
o086 - P r ] = r ]
: | ] ? ‘ ‘ ] 041 \ \ E
r b 0.8 ] r ]
0.4 E AT ] ; AlTTI ] 0.2 | Fell =
0.2 L. P ] 07 Lo v b v b ] 0 § TS SNSRI BT SR \:
1660 1670 1680 1840 1850 1860 1870 2360 2370 2380 2390

Rest wavelength (A)

Rest wavelength (&)

Rest wavelength (&)

Figure 3. Median-combined composite spectrum of proximate absstligi 1) > 20 split by AV: AV < 3000 km st (blue), 3000< AV < 6000 km s
(green),AV > 6000 (red) km st. The panels show the strongest absorption features visilthe full composite shown in Figufg 2.

et al. (2009) find that the [IFd] in DLAs changes by 0.19 dex per
unit redshift.

Although almost always saturated, the EW of Sill526 can
also be used as a metallicity diagnostic. The EWs of heauily-s
rated metal lines yield information about the velocity stef the
absorption (Ellison 2006; Ellison et al. 2008), which inrtus ex-
pected to correlate with mass. Murphy et al. (2007) and Nestl.
(2003) have both found that there is a correlation betweeth EAY
and metallicity, and even unsaturated metal lines appesadtibit a
correlation between velocity spread and metallicity (eegoux et
al. 2006). Prochaska et al. (2008a) have calibrated théameship
between EW(Siln1526) and metallicity over two orders of magni-
tude from X300 to ¥3 solar. For the values of EW (Sili1526) in
Table[2 the calibration of Prochaska et al. (2008a) yieldsaHiei-
ties of 125, /37 and 143 of the solar value for the low, intermedi-
ate and high\V samples respectively. If no ionization corrections
are needed, the Fell and Sill lines indicate that the meiigllof
PDLAs with AV < 3000 km s? are typically twice as high as ab-
sorbers with 600& AV < 10,000 km st.

We now consider the metal line strengths within the same ve-
locity cuts, but now we additionally divide the sample by ¢bl-
umn density (Figurds 5 afdl 6). When only the kg 1) < 20.7 ab-
sorbers are included in the stack, the EW of RdI608 is only 50%
larger in the lonAV sample than the highV composite (compared
to a factor of 2 for the full stack). The EW of Sill 1526 indicates
metallicities of 37 and 140 solar for theAV < 3000 km st and
AV > 6000 km s? respectively. The only species whose EW in-
creases by more than 50% in th& < 3000 km s! spectrum is
CIV (see middle panel of Figuld 4). Conversely, there is ahmuc
larger diference in the strengths alfl of the metal lines when only
absorbers with logN(H1) > 20.7 are included in the composite.
This result is visually striking in Figurgl 6. The largeiffdrence
between EWs in the low and high velocity stacks with M¢H 1)
>20.7 is caused mostly by a large increase (often a factorafitw
the EWs of transitions in the former. This is true of both lomiza-
tion species such as Sill1526 and high ionization species such as
CIV 1 1548. The EWs of both of these elements are known to scale
with metallicity (Fox et al. 2007a; Prochaska et al. 2008&5ing
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Figure 5. Median-combined composite spectrum of proximate abssnigh 20< N(H1) < 20.7 split byAV: AV < 3000 km s? (blue), andAV > 6000 (red)
km s1. The panels show the strongest absorption features visilte full composite shown in FiguE@ 2. These are the sammsitians shown in Figurlel 3.

the calibration of Prochaska et al. (2008a), the $i1626 EWs in-
dicate metallicities of L2 and 145 solar for the low and highV
(N(H1) > 20.7) composites respectively, even though the former
has a slightly higher mean redshift (3.15 compared to 286 Ta-
ble[2). This is consistent with the finding of Ellison et aD{®) that

the PDLAs have a higher metallicity than the interveningpap
tion when theN(H ) is large. However, the fierence between EWs

in the low and high velocity stacks with Idg(H 1) >20.7 (FiguréB)

is exagerated in the case of CIV and SilV, whose EWs in the high
AV composites significantlgecrease at higherN(H1). The lower
column densities of CIV and SilV in the high&{H1) composite
(for AV > 6000 km s?) is surprising. At these relative velocities we
would consider these systems to be largely intervening axdeF

al. (2007a) found that there is no trend between N(CIV) ib(id 1)

in intervening DLAs. However, at CIV column densities abeve
14.5 the doublet becomes saturated and only a lower limitbean
derived, a fairly common situation for DLAs (Fox et al. 20D7a
Since Fox et al. (2007a) show that both the column densitwend
locity spread of CIV correlate with metallicity, the loweX\ECIV)

at highN(H1) and highAV may be another manifestation of the
paucity (at intervening redshifts) of high metallicity abisers with
highN(H1) (e.g. Schaye 2001; Krumholz et al. 2009).

4.2 lonization indicators

Ellison et al. (2010) suggested that sub-solaySSll ratios may
be an indicator of a hard ionizing source. Sl is usually Edd
via the triplet at 1250, 1253 and 1259 A. In the SDSS data, the
strongest line{ 1259) is blended with the Sill 1260 line. The next
strongest line{ 1253) is clearly detected in our8v composites,
but there may be some contribution fromaLgbsorption in th&\V

> 6000 km s! sample. We therefore only consider the $1253
absorption in the low and intermediate velocity samplesld@
shows that although the lowV composite has a slightly higher
(by 9 mA) EW, the measurements are consistent within thasrro
If the silicon abundance is 50% higher in the lowAV sample,
the sulphur EWs indicate that tié/ < 3000 km s PDLAs have a
SII/Sill ratio 50% lower than the 3000 AV < 6000 km s* sample.
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Similarly, the Sill EW in theN(H 1) > 20.7 composite (third section
of Table[2) has increased by a factor of 2.5 at bW, whereas the
Sl EW has increased by only 20% (and is actually consistétfit w
the 3000< AV < 6000 km s sample within the errors). Higher
SlI/Sill ratios in PDLAs are consistent with the trend identifted
Ellison et al. (2010). However, the relatively large unaarties on
the SIl EWs mean that this result should be regarded as itentat
The species which exhibits the most strikingfelience be-
tween the 3AV composites is CIV. There is more than a factor of
three diference between the EW of CI¥ 1548 in the low and
high AV composite spectra. This factor is even larger when only
the logN(H1) > 20.7 are included in the stack, where the EW in
the low AV spectrum is almost a factor of 6 larger than i >
6000 km s* composite. The dierence between the low and high
AV samples is much smaller for the IaM(H 1) absorbers, only a
factor of~ 2.5. We see a similar behaviour for the SilV EWs: a fac-
tor of ~ 3.5 difference between low and higtVV composites when
log N(H1) > 20.7, but only 50% dference for the loviN(H 1) stack.
This is ostensibly surprising, as one might expect the IdW(t 1)

absorbers to be more susceptible to ionizatidaats, whereas high
N(H1) absorbers might remain shielded even if they are relgtivel
close to the QSO.

NV is observed in the lowdV composite but unfortunately can
not be compared to the intermediate or high velocity spebea
cause of blending by the kyforest. However, Ellison et al. (2010)
have argued that strong NV in PDLAS may be at least partly due t
higher metallicity, rather than (entirely) due to enhanicetization
(see also Fox et al. 2009).

4.3 Dependence on QSO luminosity

We investigate thefect of QSO luminosity on the composite spec-
tra by dividing the sample afV < 3000 km s* absorbers (of which
there are 29) in half, based on the QSO fluxatl500 A in the
QSO rest-frame. The median luminosity used to divide the SO
into ‘low’ and ‘high’ luminosity samples is 4 10* erggs/A. The
profiles of prominent absorption lines are shown for the lowl a
high luminosity composites in Figufé 7. The EWs of selectad-t
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sitions are given in Tablg 2. The EWs of the low and high iotiira
species alike are larger in the lower QSO luminosity contposdie-
spite an excellent agreement in the medii{#i 1) values of the two
samples (20.6 and 20.5) and a KS test probability of 86% Hegt t
are drawn from the same distribution. Th&eience in the profiles
in FigureT is therefore not due toffrentN(H 1) distributions and

is also unlikely to be due to an ionizatioffect for several reasons.
First, Ol is expected to be robust against ionizatifieas (e.g.
Vladilo et al. 2001). Second, in the presence of either a (@BD)

or a soft (stellar) ionizing spectrum, metallicities dedvrom Sill

or Fell are expected to be over-estimated (Howk & Sembach;199
Vladilo et al. 2001; Rix et al. 2007). Third, Ellison et al.0dD)
show that [#H] is under-estimated by at least a factor of three in
more than half of theN(H1) < 20.7 PDLAs in their high resolu-
tion study, yet the SIl EWs in the low and high flux composites a
consistent within the errors.

4000 —
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5 |

52000
B L

1000
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Rest wavelength (&)

York et al. (2006) and Vanden Berk et al. (2008) conducted a Figure 8. A zoom of the Lyr absorption trough of the stacked spectrum

similar analysis to ours, constructing composite spectiafSDSS
data of Mgll absorbers at intervening and proximate veiesjtre-
spectively. When their samples were divided by QSO mageitud
(ati = 191 andM; = 26.5, for the two studies) the faint QSO
composite was found to have stronger metal lines for botr-nt
vening and proximate absorbers. It was concluded that ffeste
was likely due to a selection bias since weaker Mgll systeras a
typically only detected towards brighter QSOs. The (meam-c
posite spectra of the bright and faint samples were thezefot
constructed of absorbers with the same Mgll EW distribution

Such a bias is not likely toffect our selection of PDLAs.
First, the identification of a PDLA relies on the broad, sated
Lya which is easily detected in spectra with much lowgx ghan
we require here (recall that PHHFO8 required/Al:S 4, but our
criterion is ani band $N > 10). Second, we have checked that
theN(H 1) distributions of the low and high luminosity samples are
consistent. This can be seen visually in the top left pandfigf
ure[7 and is confirmed with a KS test (described above). Thezef
although we might expect the overallNsof our low luminosity
composite to be lower, this does ndfext the EW of the metal
lines we measure in our median composite. Nonetheless, ek ch
explicitly that the dependence of PDLA EWs on QSO luminosity
not due to a bias by constructing composite¥f>6000 km s
absorbers again split by QSO luminosity. The EWs of the lodr an
high ionization lines are now largely consistent with eattieq as
might be expected for these absorbers, which most studieflwo
consider as intervening. However, a quantitative compards the
low vs. high luminosities compsites of ti#é/> 6000 km s! sam-
ple is hampered by a non-negligiblefférence in the typical H
column densities. Both the median and mé¥i 1) values difer
by ~ 0.3 dex with a KS probability of only 6% that they are drawn
from the same population.

It is not clear why the PDLAs should have higher metal line
EWSs when they are within 3000 km'sof lower luminosity QSOs,
but it is consistent with an inverse relationship betwee®©Q8ni-
nosity and PDLA metallicity. One caveat is that althoughgel 1)
distributions are consistent between the low and high lositg
sample, the mean absorption redshift of the high lumincasay-
ple isAz = 0.5 higher than the low luminosity sample. Dessauges-
Zavadsky et al. (2009) found that [/ changes by 0.1 dex over a
Az=0.5, whereas the logarithmicftBrence in metallicites inferred
from the Sill EWs is 0.2 dex. Given the uncertainty of convert
ing Sill EW to metallicity, it is premature to conclude thaete
is a definite link between QSO luminosity and PDLA metallicit

(black solid line) of the 28V < 3000 km s PDLAs. The red dashed line
shows a simulated stack where each of the 29 PDLAs has aniemise
corresponding tdy, = 3x 10*2 erggs superimposed at the centre of the
Ly« absorption trough.

galactic ISM is not without precedent, either observatilgnaer
theoretically. Irwin et al. (1987) found that the radio jeisaof a
nearby active galaxy was aligned with an HI tail in a close pam

ion. They suggested that the companion’s HI gas was being ram
pressure stripped by the AGN jet. Alignment of the QSO outflow
with the line-of-sight has been previously invoked to eipldne
higher incidence of transverse DLAS, relative to the pratierline

of sight absorbers (Hennawi & Prochaska 2007). In a case stud
of one transverse absorber located onlg00 kpc from the QSO,
Prochaska & Hennawi (2009) find extreme kinematics and densi
the case for QSO-absorber interactions. Tieat of HI stripping
has been modelled by Fujita (2008) and confirmed asfiattere
mechanism for diiciently high energy AGN. Such interactions
could prematurely (or temporarily) shut-down the star fation
leading to lower metallicities. Such a scenario might alsalan
why the lowerN(H1) PDLAs have metallicities as low as the in-
tervening population (e.g. Taldlé 2, Ellison et al. 2010) wels the
high N(H 1) have been able to retain their gas and accrue their met-
als.

4.4 Lya emission inthe DLA trough

The detection of Ly emission superimposed on the DLA trough is
a rare occurence, but one that is apparently more common in PD
LAs than DLAs (Mgller & Warren 1993; Mgller, Warren & Fynbo
1998; Leibundgut & Robertson 1999; Hennawi et al. 2009). The
luminosities associated with the &yemission are typically 5-20
x10* erggs and may show large velocity widths and spatial ex-
tents of tens of kpc (Fynbo et al. 1999; Hennawi et al. 2009).

One of the PDLAs in our sample has been recently identified
by Hennawi et al. (2009) as one of the most luminous PDLA Ly
emitters with a total Ly luminosity of ~ 4 x 10*® erggs. Visual
inspection of the rest of our sample (Figlirel A1) yields noeoth
candidate Ly emitter and there is no emission signal in the core of
the composite spectrum. In order to determine an approgifimait
for the emission luminosity in our combined spectrum wefiarti
cally superimpose a gaussian emission line in the core d?EHeA
trough in the observed SDSS spectrum for the 29 absorbengwit
3000 km s? of the QSO. The same hyluminosity is assumed for

However, the concept of interplay between an AGN and nearby every PDLA, where the total integrated flux then depends only
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Figure 7. Median-combined composite spectrum of proximate absenivith AV: < 3000 km s, split by QSO luminosity at = 1500 A. The half with the
highest luminositiesl(1s00 > 4 x 10*2 erggs/A) are plotted in magenta and the half with the lowest lumiiies (L1500 < 4 x 10*3 erggs/A) are plotted in
cyan. The panels show the strongest absorption featurigteviis the full composite shown in Figuié 2. These are theesiamsitions shown in Figufé 3.

the luminosity distance to the absorber. The width of thession
line is set tar= 100 km s in all cases. The spectra are then shifted

to the rest-frame with a {z)* scaling to conserve the total flux and
stacked to produce a new composite. Figure 8 shows the stacke
spectrum of both the original 29 loV PDLAs and an overlay

of one of our simulated spectra with emission (in this casereh
the flux corresponds to a byluminosity of L.y, = 3 x 10* ergs).
Our tests demonstrate that the composite spectrumfliisat to
detect luminosities of a few 10*? erggs if such luminosities are
commonplace in PDLAs. However, this limit is likely to be bpt
mistic for 2 reasons. First, in previous detections ok lgmission,
the emission line often appears to lEset by a few hundred knts
from the centre of the Ly absorption trough. Stacking analyses are
quite sensitive to suchfisets (Ellison et al. 2000). Second, if the
flux is spread out over many hundreds of km, sis seen by Hen-
nawi et al. (2009), the broader profile becomes mofgcdit to
detect. In the absence of a well characterized distributibine

5 DUST IN PDLAS

tion properties that are consistent with the interveningytation,

offsets and widths, it would be premature to attempt more stiphis
cated stacking simulations.

Over the past two decades, there has been considerable debat
the literature regarding the amount of dust extinction eissed
with DLAs. Although these studies may disagree in the detail
there is now a broad concensus in the contemporary literaiat
the typical dust reddening is small. Some examples of regeriks
on this topic and detections or limits on the reddening ideliur-
phy & Liske (2004) [ E(B-V) < 0.01], Ellison, Hall & Lira (2005)
[ E(B-V) < 0.04], Vladilo et al. (2008) [ E(BV) = 0.006] and
Frank & Peroux (2010) who find a best fit E{B) = —0.002, i.e.
consistent with no reddening.

In this section, we investigate whether the PDLAS have extin
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since there are severapriori reasons to expect that they may dif-
fer. As we have demonstrated above, the PDLAs (particutadge

at low AV with high N(H 1)) have higher metallicities, which appear
to go hand-in-hand with higher gas phase depletion indisgtog.
Prochaska & Wolfe 2002). Moreover, Kaplan et al. (2010) have
shown that their sample of metal-strong DLAs (a sample which
overlaps considerably with our PDLAs, as we discuss in the& ne
section) have systematically redder spectra than a sarhptatol
(non-metal strong) DLAs. Finally, proximate Mgll absorbetz ~

1-2 have reddening values that are approximately twiceathihie
intervening Mgll systems: E(BV) = 0.02 and 0.01 respectively
(Vanden Berk et al. 2008; York et al. 2006).

There are three main techniques for determining the redden-
ing in a sample of DLAs. The first uses broad band colour infor-
mation, usually in the optical (e.g. Khare et al. 2004; Via@it al.
2006, 2008), but if IR photometry is also available, a morast
gent limit can be obtained (e.g. Ellison et al. 2005). If spddata
are available, a more detailed extinction analysis is ptessind
there are two main techniques that have been applied. Thénfirs
volves fitting a power law to unabsorbed regions of the QSO con
tinuum, avoiding the emission features (e.g. Pei, Fall &&eld
1991; Murphy & Liske 2004; Kaplan et al. 2010). The second in-
volves making composite spectra of an absorber and norrizdrso
sample, where the ratio reveals the average extinctioreafrthe
former (e.g. York et al. 2006; Wild et al. 2006; Vanden Berk et
al. 2008; Frank & Peroux 2010). We have experimented with bot
techniques. The composite method was found to be fundaityenta
limited (in our relatively small sample) by our ability to enage
out the range of underlying QSO properties. Although thhte
nique has been used successfully on smaller samples than our
(e.g. Wild et al. 2006), the redshift range of our absorbgrsuich
that there are many emission lines in our rest-frame spectAs
noted by Frank & Peroux (2010), this leads to residuals ana-st
ture in the region 1300-1700 A. Despite various attemptsaitha
ing parameters, we were unable to overcome this limitatish a
were always dominated by the underlying variation in eristine
properties. This may be mitigated in larger samples (e.g@nlE&
Peroux 2010) where residuals lead to an apparent bluing lgf on
E(B-V)~ —-0.002.

Instead, we adopted the approach of fitting emission- and
absorption-free regions of the QSO continua with a powerdad/
examining the dference in spectral indices of the PDLAs and a
control sample of no-PDLA QSOs. The technique is the samesas w
have applied previously in Kaplan et al. (2010). In brie§ thedian
flux of up to seven emission-free regions (1312-1328, 133651
1430-1475, 1680-1700, 2020-2040, 2150-2170, and 2190-225
A) is calculated from the rest-frame QSO spectrum. The numbe
of regions depends on the QSO redshift: Higher redshift Q&8s
have few spectral regions to fit, as the redder regions aftedhi
beyond the SDSS spectral coverage. A power law of the form
f(1) « A7 is fit to these median values where reddening due to
dust will lead to smaller values of. An example of the fitting pro-
cedure is shown in Figufg 9. Three QSOs have 2 PDLAs in their
line of sight. These were excluded from the analysis, lepaisam-
ple of 79 PDLAs. Fitting is also performed for the 20 contr@Qs
(Sectiori Z.R) matched to each of the 79 PDLAs (i.e. a totab801
control spectra). The use of control spectra matched irhiftdsd
magnitude will help circumvent any bias from the dependevfce
continuum slope on luminosity or the number of wavelength-wi
dows fitted. We have additionally checked that there is noalve
trend ofa with redshift in the control sample.

The top panel of Figure_10 shows the fractional distribution
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Figure 9. Example of the spectral fitting procedure. A power lafg1) o«
A7%) fit is made to the median value (small green crosses) in efagh ©
seven continuum regions (vertical blue shaded bands). dlieetdack line
shows the fit and the yellow region shows the uncertainty asetibn of
rest-frame wavelength.
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Figure 10. Fractional distribution of power law indices for the PDLAsa
ple (red solid histogram) and matched control QSO sampéekbliashed
histogram). There are 20 control QSOs for every QSO with a&DOlhe

upper panel shows the distribution of measured PDLA indidé® lower
panel shows the PDLA indices decreased by a value of 0.0%whithe

offset required to yield a KS value less than 0.3 %-(@jection of the null
hypothesis). The control histrogram is the same in bothlpane
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of power law indices in the PDLA and control sample. A KS test e
indicates that there is no statisticaffdrence between the distribu-
tions and the two samples have the same median value. Intorder |
determine a limit for the reddening in our sample, we estintia¢
minimum change in the indices of the PDLA sample that would +
have resulted in a KS test probability of 0.3% that it is drdvam b
the same distribution as the control (corresponding tocac®r- =2 | 17 =~ |
tainty). Small incremental increases are made to the obdany ++
dices of the QSOs with PDLAs and the KS probability (relative i 1
the control) is re-computed until the value reaches 0.3%sigie
ering all 79 PDLAs, decreasing all the indices by a singleealf
0.09 yields a KS probability below 0.3%. The new distribatiaf
PDLA indices is shown in the lower panel of Figlird 10. "

The sample of 79 PDLASs includes absor_bers VAN v_alues <0 : 20‘00 : 40‘00 : 60‘00 : BO‘OO : ot
as large as 10,000 knT’s At such large velocity separations the
absorbers are likely to be dominated by the intervening [amioum.
However, we find that comparing only the low&¥ subsamples Figure 11. « offset is defined as the index of the PDLA QSO spectrum
with their control still yields no significant fierence in the dis- ~ Minus the mean value of the index of its 20 control QSOs. ThemefTset
tribution of @. There is also no dierence in the continuum slopes ~ @nd 1 error bars are plotted in bins a%. Based on a random Samp“”? of
when the sample is split by(H1). We repeat the above procedure the full o offset distribution, th? high value seenin I < 2000. "”.‘ s

L . h . bin has a 5% chance of occurring by chance in a sample of thes si

for determining the minimum ffierence inx that would result in a
significant KS result. For thaV < 6000 km s absorbers (51 PD-
LAs) we again find an index decrease of 0.09 before the KS proba Ay there is no significant{ 3¢) offset. Even though we take the
bility drops below 0.3%. For thaV < 3000 km s* (28 absorbers)  median flux in the continuum windows to account for tifeet of
the test is less sensitive and an index change of 0.19 isregui  apsorption features, one may be concerned that indices it b

o offset
0

AV (km/s)

before the distribution is significantly fiiérent from the control. ased in certain velocity intervals as strong absorptioaslimove
Using the smaller data set therefore provides the moregstin  through. In order to make the PDLA spectrum bluer, additiaha
constraint on reddening. sorption at the red end of the spectrum would be requiredviéne

To convert the index change that results in a significant KS ¢ Figure2 shows that the only strong lines beyond 1700 Afsee t
probability into a measure of dust extinction, we define tiEed Fell lines atl, > 2300 A and are therefore too red to ever enter
ence between the control and PDLA indicessas= ac — ap. As any of our continuum windows. Intrinsic dependences of tigex
described in Kaplan et al. (2010), we can write the colouess@t  on QSO redshift and magnitude are accounted for in the nragchi
two wavelengths as a function &#: procedure. Drawing samples at random from the dudiffset dis-

sa tribution indicates that the positivefeet seen atV < 2000 km s?

Ey -1, = 2510010 (/l_) ] 1) would be expected 5% of the time for bins of this size. Largens

ples are therefore required to determine whether thistresdue

The values oft; and.; are set to be 1300 and 2000 A respec- to small number statistics.
tively, as values that are typical of the coverage of our spetn
order to convert this colour excessatand A, into the more stan-
dard notation of B8 — V), we adopt the SMC extinction curve of g DISCUSSION

Pei (1992). We defing(d) = A, /Ay, so thal
A similar analysis to the one presented here has been petbrm

Ein-1, = Ay — Ay, = Av(éy, — €1y)- 2 for 415 proximate Mgll absorbers (EW0.3 A) within AV < 3000
1 !
Combining these equations fosa = 0.09 and 0.19 we derive km s of the QSO by Vanden Berk et al. (2008). They find that the

anAy = 0.020 and 0.041 respectively. To convert to aBEY) we low ionization lines (Mgll and Alll) have similar equivalewidths
use the standard definitigt, = Ay/E(B—V)with R, = 2.93. Fora in the proximate and intervening composites, whereas titeibn-

c ; . 1
Sa = 0.09 and 0.19 we arrive at upper limits to the colour excesses 122tion lines (CIV and SilV) are stronger in ti/ < 3000 km s
of E(B - V) = 0.007 AV< 10,000 km s' and AV< 6000 km s? sample. Vanden Berk et al (2008) conclude that this is cabged

samples) and 0.014¥< 3000 km s* sample) respectively. higher ionization in the.proximate Magll systemg. Although also
An alternative technique for identifying fiierences in the find that the CIV and SilV EWs are 2-3 larger in the PDLA&t

1 1

PDLA and control sample is to calculate th&dience between the < 3_000_ km S » compared tq thaV > 6000 km s* sample, the low
« of the PDLA spectrum and the mean of its 20 control galaxies. ionization lines such as Sill and Fell are also up to a factd o
These & offsets’ are plotted as a function AW in FigureCT1 and stronger. The relative strengths of low and high ionizatinas is
should be zero if the QSO with the PDLA has a continuum slope probably related to thel(H) of the_ sample. The Mgl absorb_ers
that is the same as the mean of its controls. Negative valeo N Vanden Berk et al. (2008) are likely to have Eolumn densi-
« offset indicate that the PDLASs are redder than their contrals, o 1€ that extend down to loy(H1) ~ 17.5. Their composites will
average. Figurig11 appears to show that QSOs with PDLAS Whosetherefore be skewed towards low(H 1) values than ours. When

AV < 2000 km s arebluer than their matched controls. At larger W€ consider the lower half of ou(H1) distribution (logN(H 1)
< 20.7) we also find that the EWs of the low ions become more

consistent in the low and highV samples (Figurdd 4 afd 5). The
1 Pej (1992) defines(l) = A,/Ag, so we have included a factor of 1.33to  Clearest distinction in the metallicities &% < 3000 km s* relative
the values of derived from the Pei extinction curve. to larger velocity separations is also seen whenNfid1) is large
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(see also Ellison et al. 2010). This may again explain whydéan
Berk et al. (2008) did not find evidence for enhanced metadic
in their proximate Mgll sample, whereas our PDLAS show syste
atically larger low ionization metal line EWs at smaV/.

Figure[3 and Tabl€]l2 show that the majority of the transi-
tions in the 3000< AV < 6000 km s composite exhibit EWs
that are intermediate between the low and high velocity asnp
ites. This indicates that the 3000 — 6000 krh absorbers may not
yet have reached the same typical values as interveningtsyso
We can attempt to achieve some fie¥ resolution by utilizing
the Sill A 1526 line which is detected in /85 of the individual
SDSS PDLA spectra. In cases of a non-detection, the rastefra
3 o limit was calculated from the rest-frame spectrum using the
equation 3 = LM The FWHM at 1526 A is taken to be 0.85

A (based on the nominal SDSS resolutionRot 1/A1 = 1800).
The EW of this (usually saturated) Sill line correlates witktal-
licity (Prochaska et al. 2008a) so can be used as an apprtaima
metallicity metric. In Figuré_ 12 we show the median SillL526
EW in bins of AV (middle panel) and the corresponding metallicity
calibrated by the Prochaska et al. (2008a) relation (botianel).
The enhanced metallicity is seen most convincingly in theelst
velocity bin (A\V< 0 km s1) and is due to a combination of a lack
of low EWSs, as well as values that range up to 1 A in equivalent
width. The results earlier in this paper would further leadaex-
pect that this will depend on thé(H 1) of the individual absorbers,
but we do not have the numbers to test both shéand N(H 1)
distributions separately in this way.

Although the median Sill EW is only enhanced &Y < 0
km s, Figure[I2 shows a notable population of high EW Sill ab-
sorbers at larger velocity separations, particularly ado8000<
AV < 5000 km s'. These are likely to be the absorbers that lead
to the generally larger EWs measured in the intermediatecitgl
composite (3006 AV < 6000 km s?). Although Sill EW is not a
very accurate estimator of metallicity, the detection df 3i1808
(with EWs> 150 mA) in approximately half of the 3000 AV <
5000 km s* PDLAs with Sill EW > 900 mA is strongly sugges-
tive of high metallicities. It may be surprising that QSO xiro-
ity is responsible for enhanced metallicitiesAit > 3000 km s?
(which corresponds to a Hubble flow distance-0f0 proper Mpc
atz = 3). Although the redshifts derived from the SDSS spectra by
PHHF08 are improved from those determined fronland CIV
emission lines alone, they are likely still ordiatistically accurate
to within a few hundred km=3 (Shen et al. 2007). However, the
presence of a population of PDLAs witt2000< AV < 0 indicates
that a combination of non-Hubble flow velocities and redséif
rors can account of 2000 km s? in velocity range. Individual IR
spectra of these QSOs are required in order to determineatecu
relative velocities. The uncertain nature of these inteliate AV
absorbers means that, even with a sample of 85 SDSS spéctra,
is not possible to determine what the correct cflitshould be for
studies that aim to sample the truly intervening populat{our re-
sults indicate that the largedftect occurs at velocities well below
the cut-dts typically used in DLAs surveys-(3000 km s%). How-
ever, a more conservative approach (until a larger stedissitudy
can be undertaken) would be to increaseARecut-af from 3000
to 6000 km s?.

Although the majority of DLAs are metal-poor, a few rare ex-
amples of high metallicities have been reported in theditee, al-
though mostly in the loweN(H 1) sub-DLASs (e.g. Prochaska et al.
2006; Peroux et al. 2008; Meiring et al. 2008; Dessaugesdshy,
Ellison & Murphy 2009). The very large samples of QSOs assem-
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Figure 12. Top panel: Distribution of Silk 1526 EWs for the PDLAs (solid
red line ) and matched control sample of intervening DLAsdal black
line). Middle panel: Rest-frame EWs of the SillL526 line as a function of
velocity ofset from the QSO. Limits ares3 The open circles show individ-
ual PDLA measurements and the solid circles are median vatueslocity
bins of width 2000 kmst. The median is selected so that the small number
of Sill upper limits can be considered as detections wittasigcting the
binned value. The horizontal dashed line is the median vafi&!l 1 1526
EWs of the intervening control sample. Lower panel: 3il1526 EWs have
been converted to metallicities (relative to the Sun) udiregcalibration of
Prochaska et al. (2008a): I&jZ, = 1.41 log(W)—- 0.92, where W is the
Sill EW in A. The horizontal dashed line is the median metaii calcu-
lated from the Sill1 1526 EWSs of the intervening control sample. Errors
are .

bled by the SDSS has also permitted the identification of unus
ally high metallicity systems. Herbert-Fort et al. (2008¢mtified
absorbers with large metal line equivalent widths from tREsS
DR3 spectra. These metal-strong (MS) DLAs are of particular
terest for detecting rare elements, such as boron, germaaial
Icobalt (Ellison, Ryan & Prochaska 2001; Prochaska et al3R00
is estimated that this metal-strong population represams~ 5%
of the DLA population. Kaplan et al. (2010) have determinbdra
dances for a sample of 16 MS DLAs finding a median metallicity
Z ~ 1/5Z, atz ~ 2, a factor of around 4 higher than their control
sample of non-MS DLAs. We have compared our sample of 85 PD-
LAs (Table[d) to the list of MS DLAs in Herbert-Fort et al. (280
11 PDLASs (13%) are present in the compilation of HerberttEbr
al. (2006), see Tab[d 3. However, only/85 of the QSOs in Table
were present in the DR3 (recall that our sample is drawn from
the DR5). Therefore, whereas only5% of intervening DLAs are
metal-strong, the percentage rises t45£24% for PDLAs.

One of the PDLAs in our sample is the proto-typical MS DLA



QSO Zem Zas  logN(HI) AV (kms1)
J075901.28284703.4 2.8550 2.8223 21.05 2532.00
J081240.68320808.6 2.7045  2.6259 21.30 6391.40
J095817.84494618.3 2.3555 2.2909 20.65 5831.18
J101725.88611627.5 2.8069 2.7681 20.60 3073.19
J102619.09613628.8 3.8442 3.7853 20.35 3657.30
J113008.19535419.8 3.0495 2.9870 20.25 4575.67
J122040.23092326.8 3.1462 3.1322 20.75 978.39
J135305.18-025018.2 2.4149 2.3618 20.30 4647.59
J160413.9%¥395121.9 3.1542 3.1625 21.75 -656.45
J210025.03-064146.0 3.1295 3.0918 21.05 2729.34
J232115.48142131.5 25539 2.5729 20.60 -1607.98

Table 3. PDLAs identified as ‘metal-strong’ in the DR3 catalogue of
Herbert-Fort et al. (2006).

J081240.6320808. In a case study of this absorber, Prochaska
et al. (2003) used data obtained with HIRES to make the first de
tections of several elements never before detected outisédko-

cal group. J0812404820808 is notable because it shows Sill
1808 (EW~ 260 mA) absorption even in the SDSS spectrum. As
described above, Sill 1808 is observed in several of the individ-
ual SDSS spectra, including JO759@B4703, J113008535419,
J135305-025018, J160413.9895121 and J210025.03-064146
which appear in the MS DLA catalogue of Herbert-Fort et
al. (2006). To demonstrate the large EWs of these metal-
strong PDLAs, in Figurd_13 we show the SDSS spectrum of
J160413.97395121 compared with that of J081248320808.
J160413.9%395121 has been subsequently studied at high reso-
lution by Ellison et al. (2010), who confirm a relatively higretal-
licity ~ 1/16 Z,. J210025.03-064146.0 was observed with ESI by
Herbert-Fort et al. (2006) and measured to have an even rhighe
metallicity: Z ~ 1/5 Z,.

Although the PDLAs and MS DLAs may both preferentially
sample the high metallicity end of the DLA distribution, ytdiffer
markedly in their extinction properties. Whereas the ganbt. A
population causes very little reddening to the backgrour8DQ
(Murphy & Liske 2004; Ellison et al. 2005; Vladilo et al. 2008
Frank & Peroux 2010), Kaplan et al (2010) find significantlytéa
power law slopes in QSOs behind MS DLAs. Using the method-
ology described in Sectidd 5 and adopting our choice of SMC ex
tinction curve andRy, their report value ofa = 0.29 corresponds
to Ay = 0.063 and EB - V) = 0.022. In contrast, our most strin-
gent limit (derived for theAV < 3000 km s! sample) givesh, <
0.041 and BB - V) < 0.014 for the PDLAs. The reddening by
PDLAs is also less than for associated Mgll systemg at1-2
[E(B-V) = 0.02, Vanden Berk et al. 2008], although this may be
at least in part due to the redshift evolution of reddenin$/gil
absorbers (Menard et al. 2008). However, our detectiort Ismiot
suficiently sensitive to determine whether or not the PDLAs are
more or less dusty than their intervening cousins.

We have presented evidence in this paper and in Ellison et al.
(2010) that some PDLAs (those with smaN/ and largeN(H 1))

2 We emphasize again that for convenience, in this paper wesing the
term ‘PDLA for absorbers with lodN(H1) > 20 andAV < 10,000 km s1,
which is the range over which we look for trends. A strictefiiéon would
adopt the standard DLA criterion of lag(H1) > 20.3. Moreover, at large
AV our sample will include an increasing fraction of intervenabsorbers.
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Figure 13. Selected regions of the SDSS spectrum of

J160413.97395121.9 (black) with the SDSS spectrum of the proto-
typical metal-strong DLA J081240.6820808.6 (grey) overlaid. The top
panel includes detections of SIk 1250, 1259, Sill 1260, OlA 1302 and
Sill A 1304. The middle panel includes detections of 31626, CIV 11
1548, 1550 and Fell 1608. The lower panel covers Sill1808 and Al Il

A1 1854, 1862.

appear more metal-rich than the intervening populationwéler,

the sample of PDLAs in Ellison et al. (2010) includes an abspor
with one of the lowest metallicities measured to date (J60&39,
[O/H]=-2.72). In Sectiol 4]3 we have shown that for PDLAs with
AV < 3000 km s, the composite SDSS spectra show weaker metal
lines when the QSO luminosity is higher. JOB39 AV= 1250

km s1) is included in the PDLA sample of PHHFO08, but excluded
by us because the QSO shows mild BAL features. Nonetheless
it is intriguing that J01460839 has a relatively large luminosity:
Lisoo = 1.3 x 10* erggs/A, a value exceeded by only two of the
QSOs in our sample. There are 4 QSOs in our sample lvyith >

1 x 10* erggs/A: J082638.59515233.2, J090033.4921546.8,
J092914.49282529.1 and J095937.4131215.4). The latter two
have very large relative velocities from the QS@AV(> 9500

km s?1). We inspected the metal lines of J082638:585233.2,
J090033.49421546.8 AV = 820 and 3477 km$ respectively)

in the SDSS spectra and did not find them to be abnormally low.
High luminosities and moderate relative velocities do ¢fiere not
necessarily lead to low metallicities.

7 SUMMARY

We have used a sample of 85 proximate absorbers in the SDSS
with AV < 10,000 km st and logN(H1) > 20 to investigate trends
of metal line strength with velocity separation. Composjpectra
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are constructed for AV ranges:AV< 3000 km st, 3000 < AV
< 6000 km s and AV > 6000 km s'. The samples are further

divided according to kcolumn density and QSO luminosity. Our
main findings are as follows:

(i) Metal line EWs are largest in th&V < 3000 km s* compos-
ite and smallest aAV > 6000 km s!. At intermediate velocities
(3000< AV < 6000 km s?) the EWs are between the low and high
AV composites. We interpret this result as caused by highealmet
licities at lower relative velocities.

(ii) Although the intermediate velocity composite indieathat
enhanced metallicities might exist out to several thousaofd
km s from the systemic QSO redshift, measurements of Sill
1526 in individual spectra indicate that the metallicitymsst en-
hanced anV < 0 km s,

(iii) The difference between the EWs in the lowesY(< 3000
km s%) and highest4V > 6000 km s') composites is largest when
only the highN(H1) (log N(H1) > 20.7) are considered. Using the
Sill 211526 EW-metallicity relation of Prochaska et al. (200889, w
determine metallicities of/12 and 145 for the low and high\V
composites respectively, wh&(H1) > 20.7.

(iv) The absorbers within 3000 km’sof high luminosity QSOs
have lower metal line EWs than those within 3000 krh af low
luminosity QSOs. We speculate that this may be due to triowcat
of star formation in the vicinity of a more luminous AGN. Hove,

lower EWs.
(v) Using the classifications of Herbert-Fort et al. (2006 w
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APPENDIX A: PDLASIN THE SDSSSAMPLE

In Figure[A1 we present the fits to the dyyabsorption of the 85
PDLAs in our sample.
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Figure A1 Fits to the Lyr absorption in our PDLA sample, the blue vertical dashedilidécating the centre of the laytrough. QSO names are abbreviated
to Jhhmm-ddmm in order to fit the panels. Full SDSS QSO names are givdabite[]1. In cases where 2 PDLAs are present, they are showaparate
panels but have been fitted simultaneously due to the signtfioverlap in velocity space. The grey shaded region shiogvsricertainty in the fit. The grey
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