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ABSTRACT

We present a compilation of properties of the 105,783 qgasathe SDSS Data Release 7 (DR7) quasar
catalog. In this value-added product, we compile continameh emission line measurements around the H
HS, Mgt and Gv regions, as well as other quantities such as radio propelif@ad absorption line quasar
(BALQSO) flags, and disk emitters. We also compile virialdikdole mass estimates based on various cali-
brations. For the fiducial virial mass estimates we use tletevgaard & Peterson (VPO06) calibrations fo8 H
and Qv, and our own calibration for Mgwhich matches the VP06 /Hmasses on average. We describe the
construction of this catalog, and discuss its limitatiofise catalog and its future updates will be made publicly
available online.

Subject headings$lack hole physics — galaxies: active — quasars: general r/egg

1. INTRODUCTION cated than the SDSS pipeline outputs in many ways, and are
In recent years, studies of quasars and active galactic nuhence of practical value. We describe the parent quasar sam-

clei (AGNs) have been greatly facilitated by dedicateddarg P'€ In 82, the spectral measurements and the catalog format

scale wide and deep field surveys in different bands, most noi" $3- We discuss possible applications of our measurements

tably by optical surveys such as the Sloan Digital Sky Sur- I 84. Throughout this paper we use cosmological parameters
vey (SDSS, York et al. 2000) and the 2QZ survey (Croom %A =0.7,£0=0.3 andh=0.7.

et al. 2004). Indeed, the growing body of data has revolution

ized the study of quasars and AGNs. Large, homogeneous 2. THE SAMPLE

data sets a]low detailed investigations of the phenqmgirolo The SDSS uses a dedicated 2.5-m wide-field telescope
cal properties of quasars and AGNSs, offering new insights o (Gynn et al. 2006) with a drift-scan camera with 30 2648
the central engine powering these objects and their connecyg48 ccps (Gunn et al. 1998) to image the sky in five
tions to their host galaxies, especially when combined with 554 bandsu(griz; Fukugita et al. 1996). The imaging data
multi-wavelength coverage. At the same time, it has becomeyre taken on dark photometric nights of good seeing (Hogg
important to fit the quasar/AGN population into its cosmelog et 51, 2001), are calibrated photometrically (Smith et 802,

ical context, i.e., how the supermassive black hole (SMBH) \yezi¢ et al. 2004; Tucker et al. 2006) and astrometrically (Pier
population evol\_/es across cosmic time. These data have legy g. 2003), and object parameters are measured (Luptén eta
to a coherent picture of the cosmic evolution of the SMBH 5001: Stoughton et al. 2002). Quasar candidates (Richards
population within the cqnco_rdana‘s(:DM paraqlgm (Kauff- ot a. 2002a) for follow-up spectroscopy are selected froen t
mann & Haehnelt 2000; Wyithe & Loeb 2003; Hopkins et al. jmaging data using their colors, and are arranged in spectro
2006, 2008; Shankar et al. 2009; Shen 2009), where the keyscopic plates (Blanton et al. 2003) to be observed with a pair
obser\_/atlonal components include: quasar clusteringiuthe ¢ fiper-fed double spectrographs.

minosity function (LF), the BH mass function, and the corre- — oyr parent sample is the latest compilation of the spectro-
lations between BHs and their host properties. Increagingl gcopic quasar catalog (Schneider et al. 2010) from SDSS DR7
larger data sets are offering unique opportunities to nTeasu (aApazajian et al. 2009). This sample contains 105,783 bona
these properties with unprecedented precision. fide quasars brighter thav; = -22.0 and have at least one

. In an _ear[ler study of the virial BH mass and Eddmgf[on ra- proad emission line with FWHM larger than 1000 ki sr

tio distributions of quasars, we measured spectral prig®ert haye interesting/complex absorption features. About bflf
for the SDSS Data Release 5 (DR5) quasar catalog (Schneidefese objects are selected uniformly using the final quasar t
etal. 2007; Shen et al. 2008b). We hereby extend this exercis get selection algorithm described in Richards et al. (2p02a
to the DR7 quasar catalog (Schneider et al. 2010). We now in-yith the remaining objects selected via early versionsroita
clude a more complete compilation than before of quantities se|ection or various serendipitous algorithms (see Sdenei
from our spectral fits. Our measurements are more sophisti-g; 5. 2010), whose selection completeness cannot be yeadil

uantified. For statistical studies such as quasar clagtand
1 Harvard-Smithsonian Center for Astrophysics, 60 Garden\s8-51, 4 4 e

Cambridge, MA 02138, USA. the LF, one should use the uniformly selected quasar sample.
2Dept. of Physics & Astronomy, York University, 4700 Keele.,st ~Fig. 1 shows the distribution of the 105,783 quasars in the
Toronto, ON, M3J 1P3, Canada. redshift-luminosity plane.
% Department of Physics, Drexel University, 3141 Chestnuteest To include radio properties, we match the DR7 quasar cata-
Philadelphia, PA 19104, USA. . log with the FIRST catalofg(White et al. 1997) and estimate
Department of Astronomy and Astrophysics, 525 Davey Laooya . _ . .
Pennsylvania State University, University Park, PA 16803A. the radio loudnesR= fecm/ f2s00following Jiang et al. (2007),
5 Princeton University Observatory, Princeton, NJ 08544AUS ; )
6 Apache Point Observatory, Sunspot, NM, 88349, USA. The version of the FIRST source catalog and the coverage nsagkare

as of July 16, 2008 (http://sundog.stsci.eduf/first/cgsi@adme.html).
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where fgcm and fos00 are the flux densityf(,) at rest-frame 6

cm and 2500 A, respectively. We match the DR7 quasar cata-
log to the FIRST catalog with a matching radius 30". For the
quasars that have only one FIRST source within 30" we match

750 Fr T T [ T [T o T e T T [T TR T T [T T T

them again to the FIRST catalog with a matching radius 5" 287
and classify the matched ones as core-dominantradio quasar
The quasars that have multiple FIRST source matches within
30" are classified as lobe-dominated. The rest-frame 6 cm flux —-2671

density is determined from the FIRST integrated flux den-
sity at 20 cm assuming a power-law slopecgf= —-0.5; the
rest-frame 2500 A flux density is determined from the power- o4t
law continuum fit to the spectrum as described in 83. For
lobe-dominated radio quasars we use all the matched FIRST
sources to compute the radio flux density. We note that we _292
may have missed some double-lobed radio quasars with lobe C M
diameter larger then 1'. r ]

The reduced 1D spectral data used in this study are avail- . 1
able through the DAS The spectral resolution R~ 1850~ ‘ ‘ e
2200, and the 1D spectra are stored in vacuum wavelength, 0 1 2 3 4 S
with a pixel scale 1 in log-wavelength, which corresponds Redshift
to ~ 69 kms®. Since DR6 (Adelman-McCarthy et al. 2008), o _ o _
the spectral lux calibration’s scaled o the PSF magnitafles ({15, 1, e dsuiuter of OFT stases b urincstysedtece,
standard star_s, therefore there is no |0nger need for atfiber- §3.8) and the gray dots are quasars selected by avarietylieféetgorithms
PSF conversion for the spectral flux (Shen et al. 2008 alreadyor serendipitous selections. The red dots are selectedel3® Hi Z uni-
used the PSF spectral flux calibration). Throughoutthepape form selection but with > 19.1 and atz < 2.9, and should be removed in
we refer to the signal-to-noise ratio per pixel as S/N. constructing homogeneous quasar samples. The cyan lioestkk corre-

- sponding (continuum and emission ling)corrected,i-band absolute mag-

To flag BALQSOs, we use the Gibson et al. (2009) DR5 pjtyde (normalized az = 2) for i = 191 (z < 2.9) andi = 202 (z > 2.9)
BALQSO catalog to set thei€ and Mg1 BALQSO flags (us- respectively, and the gray dashed line shows the equivéterit= 15 (the
ing their “Bl0” flags). We also visually inspected all the pos bright limit for SDSS quasar targets). The non-uniformljested quasars
DR5 quasars with redshit> 1.45 to identify obvious G ggur:é/a?gts) are targeted to fainter luminosities than agaitiiformly selected
BALQSOs (we may have missed some weak BALQSOSs). We '
did not perform a systematic search for low-ionizationiMg ) o o
BALQSOs because of the large number of quasars witeMg ~ There are numerous studies of the statistical emission line

M; (z2=2)

coverage and the much rarer occurrence of NBALQSOs. ~ Properties of quasars relying either on direct measuresnent
Although we report serendipitously identified MJBALQ- or on spectral fits of the line profile (e.g., Boroson & Green
SOs, the completeness of these objects is low. We identified al992; Marziani et al. 1996; McLure & Jarvis 2002; Richards
total of 6214 BALQSOs in the DR7 quasar catalog. et al. 2002b; McLure & Dunlop 2004; Bachev et al. 2004, Di-

There are also subclasses of quasars which show interestingtrich & Hamann 2004; Baskin & Laor 2005; Kollmeier et al.
spectral features in their broad or narrow emission line pro 2006; Fine et al. 2006, 2008; Bonning et al. 2007; Salvian-
files. Some quasars show double-peaked broad Balmer lingler et al. 2007; Sulentic et al. 2007; Shen et al. 2008a,b; Hu
profile, which is commonly interpreted as arising from a rel- €tal. 2008a,b; Zamfir et al. 2009; Wang et al. 2009b; Wu et al.
ativistic accretion disk around the black hole (disk emitte ~ 2009; Dong et al. 2009b,a). For the same set of data, differ-
e.g., Chen et al. 1989; Eracleous & Halpern 1994; Stratevaent studies sometimes report different results for certsea-
et al. 2003) although alternative interpretations exisstume ~ sured quantities due to the different line-measuremetttec
of these objects. Some quasars show double-peaked namigques used in these studies. Which method is preferred, how
row lines (such as [@1] A\4959,5007, e.g., Liu et al. 2010a; ever, depends on the nature of the problem under study. A
Smith et al. 2009; Wang et al. 2009a), which could be due to classic example is measuring thel-width-at-half-maximum
either narrow line region kinematics or a merging AGN pair (FWHM) in estimating the BH mass using virial estimators,
(e.g., Liu et al. 2010b). We have visually inspected all & th Where the usual complications are: 1) how to subtract the con

z< 0.89 quasars in the DR7 catalog and flagged such objectstinuum underneath the line; 2) how to treat the narrow line
component (especially for Mgand Gv); 3) how to mea-

3. SPECTRAL MEASUREMENTS sure the broad line profile, especially in the presence &eoi

We are primarily interested in the broachHH3, Mg, and absorption. These choices crucially depend on the par-
and Qv emission lines because these are the most frequenthficular virial estimator calibrations used, e.g., one nuss a
studied lines that are available for a wide range of redshift similar FWHM definition as was used in the virial estimator
and more importantly, have been calibrated as virial black calibration, and new methods of FWHM measurements must
hole (BH) mass estimators (e.g., Vestergaard 2002; McLurebe re-calibrated either against reverberation mappingesas
& Jarvis 2002; McLure & Dunlop 2004; Greene & Ho 2005b; or internally between different line estimators. On theeoth
Vestergaard & Peterson 2006; McGill et al. 2008; Vestergaar hand, different line-measurement methods have differemt s
& Osmer 2009; Wang et al. 2009b). Measurements of othersitivities to the quality of the spectra (spectral resalntand
spectral lines will be reported in future updates of thisreal ~ S/N), which introduce systematics when switching from high
added product. quality to low-quality data (e.g., Denney et al. 2009). Ibés

yond our scope to fully settle these issues within the cairren

8 http://das.sdss.org/spectro/ Study.
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We remove the effects of Galactic extinction in the SDSS The single Gaussian fit to the broad component is essen-
spectra using the Schlegel et al. (1998) map and a Milky Waytially the same as we did in Shen et al. (2008b), and is some-
extinction curve from Cardelli et al. (1989) witR, = 3.1, what similar to the procedure in McLure & Dunlop (2082)
and shift the spectra to rest-frame using the cataloged redHowever, in many objects the broad#H3 component can-
shift as the systemic redsHift For each line, we fit a lo-  not be fit perfectly with a single Gaussian; and FWHMs from
cal power-law continuumff = AA“*) plus an iron template  the single Gaussian fits are systematically largertiy1 dex
(Boroson & Green 1992; Vestergaard & Wilkes 2001; Sal- than those from the multiple Gaussian fits (e.g., Shen et al.
viander et al. 2007) to the wavelength range around the line2008b). The additional multiple Gaussian fits for the broad
that is not contaminated by the broad line emission. During Ha/H5 component provide a better fit to the overall broad
the continuumiron fitting we simultaneously fit five param- line profile, and the FWHM measured from the model flux
eters: the normalizatioA and slopea) of the power-law  can be used in customized virial calibrations. It is unglear
continuum, and the normalizatiol:e, line broadeningrge however, which FWHM is a better surrogate for the virial ve-
and velocity offsetvge relative to the systemic redshift for locity, that is, the one that yields the smallest scatteihin t
the iron template fit. Because of the moderate spectral qual-calibration against reverberation mapping (RM) masses.
ity of SDSS spectra (median SIN10) ore andvge are often
poorly constrained; nevertheless the iron fit gives a reason 3.3. Mg

ably good estimate of the iron flux to be subtracted off. The pqy Mg we use the UV iron template from Vestergaard &
continuurtiron fit is then subtracted from the spectrum, and \wjlkes (2001), and we fit for objects with.86 < z < 2.25.

the resulting line spectrum is modelled by various fun@ion ¢ continuumiron fitting windows are [2200,2700] A and
I[g ﬂf )\3\6:159858}‘5%03?3\15’8)&%85 Eg gg\év4eg;isf\l/(\)g7“1n7eg7§19 [2900,3090] A. We then subtract _the pseudo-continuum from
are also fit simultaneously. Below we describe the detailedg]svzsslcet;l;rt?{ rzrr‘lggltva(i)trhtgesil\:glhenggl\:iig]ne (\[/azr??:\?vm]
fitting procedures for the four broad lines. '
gp 1200 kms?) for the narrow Mg component, and for the
3.1. Ha broad Mgt component with: a single Gaussian; or up to three

For Ho we use the optical iron template from Boro- Gaussians. Again, the multiple-Gaussian fits often progide
son & Green (1992), and we fit for objects with< 0.39. better fit to the overall broad Mgprofile; but we have re-

The continuumiron fitting windows are [6000,6250] A and  fained the FWHMs from a single Gaussian fit in order to use
e Mgt virial mass calibrations in McLure & Jarvis
[6800,7000] A the Mg I librat McLure & J (2002)

P . and McLure & Dunlop (2004). Some Mgyvirial estimator
A F(_)rrhlza 22223/'ng(’)ngaterﬁgva(;ezn%tNhIrI?'j\?\zéi‘éogé%iool calibrations (e.g., McLure & Jarvis 2002; McLure & Dunlop

> . ! . 2004; Wang et al. 2009b) do subtract a narrowrMgpmpo-
e g " NenLuFil lers (.3 Vestergaard & Osmer 2009)dono. T
tied to be the same, and the relative flux ratio of the twar[N umlz? the Mg: callk?]rann n Vefstergar?rdb& Odsmer (2009),
components is fixed t0.26. We impose an upper limit on the :‘?g (?N?t?] mﬁﬁls Téeetajsgévn?\f/losr t;l%nl;rtoaed Cr(;)r% gﬂgggw\;wgr
narrow line FWHM< 1200 kms? (e.g., Hao et al. 2005). The P P Y

; : 0
broad Hx component is modelled either as a single Gaussian,any Gaussian component having flux less than 5% of the total

o th G . Th d method vields simil line flux is rejected when computing the FWHM — this step is
or up to three 'aussians. 1he second method yields similal, ojiminate artificial noise spikes which can bias the FWHM
results to the fits with a truncated Gaussian-Hermite foncti

. " measurements. During our fitting, we mask out@utliers
(e.g., van der Marel & Franx 1993). During the fitting, all e y
lines are restricted to be emission lines (i.e., positive)flu below the 20-pixel boxcar-smoothed spectrum to reduce the

effects of narrow absorption troughs.
3.2. Hp Unlike the cases of Wl and H3, it is somewhat ambigu-

For H3 we use the optical iron template from Boroson ous whether it is necessary to subtrac_t a narrow line com-
& Green (1992), and we fit for objects wita < 0.89.  Ponent for Mgr and if so, how to do it. On one hand,

. . o . for some objects, such as SDSSJ002209.95+001629.3 and
The continuuriron fitting windows are [4435,4700] A and  g3q3130101.94+130227.1 (e.g., Fig. 2), the spectratyual
[5100,5535] A. For the H line fitting, we follow a simi- 5’y ficient to see the bifurcation of the Mgloublet around
lar procedure as & to fit for HG and [Om1] AA4959,5007,  he neak. The locations of the two peaks indicate that they ar
where the line fitting wavelength range is [4700,5100] A. associated with the Mg A\2796,2803 doublet, and the fact
Since the [Qu] AN4959,5007 lines frequently show asym- that they are resolved means that the FWHM of each compo-
metric blue wings (e.g., Heckman et al. 1981; Greene & Ho pent is< 750 kms?, hence they are most likely associated
2005a; Komossa et al. 2008) and sometimes even more dragjith the narrow line region. On the other hand, such cases
matic double-peaked profiles (e.g., Liu et al. 2010a; Smith gre rare and most SDSS spectra do not have adequate S/N
et al. 2009; Wang et al. 2009a), we model each of the nar-top unambiguously locate the narrow Mgloublet. Associ-
row [Omi] AN4959,5007 lines with two Gaussians, one for ated narrow Mg absorption troughs can further complicate
the core and the other for the blue wing. The velocity off- the sjtuation by mimicing two peaks. Hence although our ap-
set and FWHM of the narrow Hlline are tied to _those of the proach of ﬁtting a Sing|e Gaussian to the narrowrMgpmpo-
core [Orr] AA4959,5007 components, and we impose an up- nent is not perfect, it nevertheless accounts for some warro
per limit of 1200 km gl on the narrow line FWHM. As in the MgH contamination. F|g 3 compares our broadm\/@NHM

Ha case, the broad Bicomponent is modelled either by a  measurements with those from Wang et al. (2009b) for the
single Gaussian; or up to three Gaussians.
10 |n addition to Gaussian profiles, McLure & Dunlop (2004) dised to
9 Hewett & Wild (2010) provided improved redshifts for SDSSaqars. fit the broad/narrow component with a single Lorentzian, thig does not
However, this subtlety has negligible effects on our spéditss. change the measured broad FWHM significantly.
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is feasible to do such a subtraction; 2) existing @irial es-
timators are calibrated using the FWHMs from the entire C
profile (Vestergaard & Peterson 2006).

Many Cv lines are affected by narrow or broad absorp-
tion features. To reduce the effects of such absorption en th
Crv fits, we mask out @ outliers below the 20-pixel boxcar-
smoothed spectrum during our fits (to remedy for narrow ab-
sorption features); we also perform a second fit excludirg pi
els below ¥ of the first model fit, and replace the first one
if statistically justified (to account for broad absorptifaa-
tures). We found these recipes can alleviate the impact of
narrow or moderate absorption features, but the improvémen

2600 2700 2800 . 2900 3000 is marginal for objects severely affected by broad absonpti
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3.5. Reliability of spectral fits and error estimation

Our spectral fits were performed in an automatic fashion.
Upon visual inspection of the fitting results we are confident
that the vast majority of the fits to high S/N spectra were suc-
cessful, and comparisons with independent fits by otheos als
show good agreement. However, the reliability of our spec-
tral fits drops rapidly for low-quality spectra. Fig. 4 shows
] the distributions of the median S/N per pixel around the-line
7 fitting region for objects that have line measurements, f6y H

150

50

fy (1077 erg s™' cm™2 A™")

Mg and Gv respectively. Although the bulk of objects have
Y P N [ B median S/N- 5 for the line-fitting regions, there are many ob-
2600 2700 2800 9900 3000 jects that have lower median S/N, especially fav @t high
Rest Wavelength (A) redshift. The effects of S/IN on the measurements depend on
FiG. 2.— Two examples of Mg lines which show narrow line components. both the propertles_ of the lines (i.e., line proflle_, Im@';_@th*
The spectra are plotted as black lines with the data poinisrposed (red ~ degree of absorption features, etc), and the line-fittich-te

dots). The gray lines show the errors. The dashed vertioas lmark the nigue itself (i.e., what functional form was used, how toldea
locations of the M@l A\2796,2803 doublet. with absorption troughs, etc).

objects in both studies. Although we have used a different TO investigate the impact of S/N on our fitting parameters
approach, our results are consistent with theirs, with aimea We ran a series of Monte Carlo simulations. We select repre-
offset~ 0.05 dex. This systematic offset between our results Sentative real spectra with high S/N, then degrade the spect
and theirs is caused by the fact that they are treating tredbro Py @dding Gaussian noise and measure the line properties us-
Mgt line as a doublet as well, while we (and most studies) ing the same line-fitting routine. For each line{HMgur, or

100 —

are treating the broad Mgline as a single component. Civ), we study several objects with various line shapes and
EWs. We simulate 500 trials for each S/N level and take the
3.4. Crv median and the 68% range as the measurement result and its
error.

For Gv we fit for objects with 15 < z < 4.95. Iron emis-

sion is generally weak forf, and most of our objects do not Figs. 5-7 show several examples of our investigations for

. ey . . HB, Mgt and Qv respectively. As expected, decreasing the
have thg spectral quality sufficient for a reliable iron téaig . S/IN ratio increases measurement scatter. In all casestt fit
subtraction (€.g., Shen et al. 2008b). The power-law centin ¢, iinum is unbiased as S/N decreases. The FWHMs and
uum fitting windows are: [1445,1465] A and [1700,1705] A. Ews are biased by less thar20% as S/N is reduced to as
We found fitting Gv with iron subtraction does not change |\ as~ 3 only for the high-EW cases. For low-EW cases, the
the fitted Gv FWHM significantly, but does systematically FywHMs and EWs are biased low/high by20% for S/NS 5.

reduce the 6 EW by ~ 0.05 dex because the iron flux un- iy -o the median EWs for the three lines arg0 A (see Figs.

?er thﬁ[tyvmgs of the & line is accm:rr:ted for. tA.t :h(_e ?tzme 11-13), we expect that the measurements for most objects are
Ime, TIting iron émission Increases e uncertainty infihe unbiased to withint-20% down to S/N- 3. But for many

ted continuum slope and normalization, due to imperfect sub purposes, it would be more conservative to impose a cut at

traction of the iron flux. Therefore we report ournGmea- S/N> 5 fo’r reliable measurements

surements without the iron 'gemplate fits, and emphasize that Finally, to estimate the uncertaiﬁties in the measured-quan

th?l'rg:[evclcz)\r?{; umuarz gﬁk?t\r/:é?esélm1aetee?nl?ggfgr51\?vﬁ)r§imfgggaf§60] tities in our fits, we generate 50 mock spectra by adding Gaus-

A was fitted with three Gaussians (.g., Shen et al é008b) sian noise to the original spectrum using the reportgq flux er
ot ' rors, and fit for those mock spectra with the same fitting rou-

SﬂgeV\tlﬁeme?“fiscl:sreoml%i“sneesF?/Il/eZMvJéorrg'etzteanr:O%eg\:g.si;g ég;ntines. We estimate the measurement uncertainties from the
P ' ] y 68% range (centered on the median) of the distributions-of fit

ponentthavmg IfZIUWXI—lleI\;ISSI:{lhan 5% of tlhke total mot(gel flutx Wrzﬁn ting results of the 50 trials. We estimate the spectral nreasu
computing the - owever, upl € some attempts |r.1 € ment uncertainties for all the 105,783 quasars in our sample
literature (e.g., Bachev et al. 2004; Baskin & Laor 2005; Su- in this way

lentic et al. 2007; Zamfir et al. 2009), we do not subtract a
narrow Gv component because: 1) it is still debatable if a

strong narrow @/ component exists for most quasars, or if it 3.6. Host galaxy contamination
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F1G. 3.— Comparison of our Mg FWHMs with those from Wang et al. (2009b) for the same objeEte left panel shows a one-to-one scatter plot, where the
solid line is the unity relation. The right panel shows adgsam of the ratio between the two values. Our broad INEYVHM values are systematically larger
by ~ 0.05 dex than those in Wang et al. (2009b), mainly caused byaittaHat they fit the broad Mgas a doublet while we did not.

T T T composite spectra are shown in Fig. 8, where the flux grad-
—HB ] ually flattens at long wavelengths due to increasing host con
— Mgll ] tamination at fainter luminosities. This trend is acconipen
— CIV | by the increasing prominence of stellar absorption feature
1 and narrow line emission towards fainter luminosities. The
] inset shows the fractional host contamination at 5100A as-
suming that the highest luminosity bin (lbgigo = 45.5) is
not affected by the host and that the intrinsic AGN power-
law continuum slope does not change over the luminosity
range considered. The host contamination is substantial at
logLsipo < 44.5, and becomes negligible towards higher lu-
minosities. The median value of lbg;qo for quasars in this
low-redshift sample is- 44.6, and therefore the host contam-
ination on average is- 15%, which leads to a- 0.06 dex
overestimation of the 5100A continuum luminosity and thus
~ 0.03 dex overestimation of theHbased virial masses for
the median object. While we do not correct the measured
5100A continuum luminosity (and other quantities depegdin
10 20 30 40 onit) in the catalog, we provide an empirical fitting formofa
Median S/N the average host contamination based on the stacked spectra
(dashed line in the inset of Fig. 8):
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FiG. 4.— Distributions of the median S/N per pixel for objectdhwinea-
surements around the line-fitting regions fo8 HMgII and QV.

L
I_E’LQ“"“ =0.8052-1.550%+0.9121%-0.157%3 (1)

For the vast majority of objects in our catalog witf, 0.5, 5100QS0
host galaxy contamination is r_legI|g|bIe. However, fpr the for x+44= logLs1oawa < 45.053; no correction is needed for
z< 0.5 low-luminosity quasars in our sample, the continuum luminosities above this value
luminosity at restframe 5100A may be contaminated by light " \ye suspect that host contamination is largely responsible
from the host galaxies. Unfortunately the spectral qualfty o, the apparent anti-correlation betwekgoo and spectral

the majority_ of individual quects does not {;lllow a reliable slope, and the “negative” Baldwin effect forbelowLs; oo~
galaxy continuum subtraction. Here we estimate the effectsq s ergs® seen in Fig. 11.

of host contamination with stacked spectra.

We take all quasars with measurable rest frame 5100A .
continuum luminosity,Ls1go. and bin them on a grid of 3.7. Virial BH masses
AlogLsioo= 0.1 for log(Lsioo/ergs?) = 44.1-45.5. Follow- It has become common practice to estimate quasar/AGN
ing Vanden Berk et al. (2001), we generate geometric meanBH masses based on single-epoch spectra (hereafter virial
composite spectra for objects in each luminosity bin. The mass in short). This approach assumes that the broad line re-
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FiG. 5.— Effects of S/N on the line measurements fg# fér three rep-
resentative examples. For each object we show the actuelrgpe (black
line) and the best-fit model (red line) in the upper panel. Tweer three
panels show the ratios of the values measured from the degjiguectra to
those measured from the original spectrum, as functiongf I8ack dots
are median values and the error bars indicate the 68% cqglantil

gion (BLR) is virialized, the continuum luminosityis used

11 we note that in a few extremely radio-loud quasars, the ooath lu-
minosity is significantly boosted by the optical emissiaonfrthe jet, which
will then lead to overestimation of the BLR size and the Vil mass (e.g.,
Wau et al. 2004). The fraction of such objects in our sampleeigertheless
tiny and hence we neglect this detail. But we caution the eisdgataloged
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FiGc. 6.— Effects of S/N on the line measurements foriMfpr three
representative examples. For each object we show the apteeirum (black
line) and the best-fit model (red line) in the upper panel. Toheer three
panels show the ratios of the values measured from the dedjsbctra to
those measured from the original spectrum, as functiongNf Iack dots
are median values and the error bars indicate the 68% qelantil

virial BH masses for such individual objects.
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FiGc. 7.— Effects of S/N on the line measurements fawQGor three rep-
resentative examples. For each object we show the actueirspe(black
line) and the best-fit model (red line) in the upper panel. Tweer three
panels show the ratios of the values measured from the dedjsbctra to
those measured from the original spectrum, as functiongNf Iack dots
are median values and the error bars indicate the 68% cglaNitilte that the

Hen/Om complex around 16504 is not fitted.
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FiG. 8.— Composite spectra for objects binned inllggy, normalized at
3000A. The flux gradually flattens at long wavelength due ®itttreasing
host contamination towards fainter luminosities, accangzhby the increas-
ing prominence of stellar absorption features and narroe/ éimission. The
inset shows the fractional host contamination at 5100A ragsy that the
highest luminosity bin (logs100= 45.5) is not affected by host emission and
that the intrinsic AGN power-law continuum slope does natrafe over the
luminosity range considered. The dashed line in the ins&fpiglynomial fit
(Eqgn. 1).
as a proxy for the BLR radius, and the broad line width
(FWHM or line dispersion) is used as a proxy for the virial
velocity. The virial mass estimate can be expressed as:

MaHvir \ _ ALy FWHM
log (—M® ) =a+blog (71044ergsl) +2log(7km§l ) ,
2

where the coefficient® and b are empirically calibrated
against local AGNs with RM masses or internally among dif-
ferent lines. HB, Mgi1, Crv, and their corresponding contin-
uum luminosities are all frequently adopted in such virgt c
ibrations. Although it is straightforward to calibrate amse
these virial estimators, one must bear in mind the largemrnce
tainties & 0.4 dex) associated with these estimates and the
systematics involved in the calibration and usage, whidh wi
potentially lead to significant biases of these BH mass esti-
mates (e.g., Collin et al. 2006; Shen et al. 2008b; Marconi
et al. 2008; Denney et al. 2009; Kelly et al. 2009; Shen &
Kelly 2010).

The virial BH mass calibrations used in this paper are from
McLure & Dunlop (2004, H and Mgr), Vestergaard & Pe-
terson (2006, 4 and Gv), and Vestergaard & Osmer (2009,
Mgr). These calibrations have parameters:

0.0

(a,b)=(0.6720.61),  MDO4; H3 3)
(a,b)=(0.5050.62),  MDO4; Mg (4)
(a,b)=(0.910,0.50),  VPOB; H3 (5)
(a,b)=(0.660,0.53),  VPO06; Qv (6)
(a,b)=(0.860,0.50),  VO09; Mgu 7)

In using each of these relations we choose the proper FWHM
definition adopted in these calibrations. In order to wilimur
new Mgi1 FWHM measurements (e.g., multiple-Gaussian fits
with narrow line subtraction, see §3.3), we adopt the same
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slope in the BLR radiuduminosity relation in McLure & for intrinsic extinction and reddening, nor for host contaaa
Dunlop (2004),b = 0.62, and recalibrate the coefficieat tions.
such that the Mg-based estimates are consistent with thie H

based (VPO06) estimates on average. This new Mdaglibra- 1. SDSS DR7 designation: hhmmss.ss+ddmmss.s
tion is (J2000.0; truncated coordinates)
(a.b)=(0.740.0.62), S10:Mgr . ® 2-4. RA and DEC (in decimal degrees, J2000.0), redshift.

We do not utilize other independent calibrations in theite Here the redshifts are taken from the DR7 quasar cat-
ature (e.g., Greene & Ho 2005b; McGill et al. 2008; Wang alog (Schneider et al. 2010). Hewett & Wild (2010)
et al. 2009b), but these alternative estimates can be lirect provided improved redshifts for SDSS quasars. These
computed using our reported measurements. improved redshifts are particularly useful for generat-

There are systematic differences among different versions ing coadded spectra, but the cataloged DR7 redshifts
of virial calibrations. For instance, the calibrationsift$ and are fine for most of the purposes considered here.

Mgt in McLure & Dunlop (2004) used the old RM masses ) ) _ o
and virial coefficient, while those in Vestergaard & Peterso  9-7- Spectroscopic plate, fiber and MJD: the combination of

(2006) and Vestergaard & Osmer (2009) used the updated RM plate-fiber-MJD locates a particular spectroscopic ob-

masses and virial coefficient (Onken et al. 2004). Moreover, servation in SDSS. The same object can be observed
different versions of virial calibration for the same linavie more than once with different plate-fiber-MJD combi-
different dependence on luminosity, and they usually mea- nations either on a repeated plate (same plate and fiber
sure the line FWHM differently (even though occasionally numbers but different MJD number), or on different
different approaches to measure the FWHM yield the same plates. The DR7 quasar catalog typically lists the spec-
value during the multi-parameter fits), or prefer an alterna troscopic observation with the highest S/N.

tive proxy (e.g., line dispersion) for the virial velocitg.., ; .
Collin et al. 2006; Rafiee & Hall 2010). It is important to 8. TARGET_FLAG_TARGET: the target selection flag
explore these systematics with RM AGN samples and statis- (TARGET version).

tical quasar samples to determine which is the best approach 9
to estimate quasar BH masses with the virial technique, and
this is work in progress (e.g., Onken & Kollmeier 2008; Den-

ney et al. 2009; Wang et al. 2009b; Rafiee & Hall 2010). As
better calibrations, methods, etc. become available wie wil

update the online catalog accordingly. In the mean timeethe 19 Uniform flag. O=not in the uniform sampfe 1=uni-

. Nspeg NumMber of spectroscopic observations. While we
only used the default spectrum in our spectral fitting,
this flag indicates if there are multiple spectroscopic ob-
servations for each object.

is strong need to increase the sample size and represégtativ formly selected using the target selection algorithm in
of AGNs with RM measurements, which anchor these single- Richards et al. (2002a), and flux limited to= 19.1
epoch virial estimators. o _ atz< 2.9 andi = 20.2 atz > 2.9; 2=selected by the
Here we simply settle on a fiducial virial mass estimate: we QSO _Hi Z branch only in the uniform target selection

use H3 (VPO6) estimates for < 0.7, Mgir (S10) estimates (Richards et al. 2002a) and with measured spectro-
for 0.7 < z< 1.9 and Gv (VPOE) estimates for > 1.9. Fig. scopic redshifz < 2.9 andi > 19.1. Objects with uni-

9 shows the comparison between these virial estimates be- form flag=2 are selected by the uniform quasar target
tween two lines for the subset of quasars for which both line algorithm, but should not be included in statistical stud-
estimates are available and the median line>S6\ There is ies: the fraction of such uniform objects is low (%;
negligible mean offset« 0.01 dex) between these virial esti- red dots in Fig. 1). '

mates, which motivated our choice of these three calilmatio

However, as noted in Shen et al. (2008b), there is a strong 11. M;(z= 2): absoluté-band magnitude in the current cos-
trend of decreasing the ratio of IaglS" /MS/Y) with increas- mology,K-corrected t@= 2 following'® Richards et al.
ing Civ-Mg blueshifts, indicating a possible non-virialized (2006b).

componentin Gv. ) o )
12-13. Bolometric luminosityLyo and its error: computed

3.8. The spectral catalog from L':‘3100 (z< 0.7), Lgo(_)o (0.7<z< 1.9)_, Li3so (z>
. 1.9) using the spectral fits and bolometric correctténs
We have tabulated all the measured quantities from the BCs100= 9.26, BGiooo = 5.15 and BGaso = 3.81 from
spectral fitting in the online catalog of this paper, alonghwi the composité SED in Richards et al. (2006a).

other properti€’®. The current compilation extends our ear-
lier DR5 compilation (Shen et al. 2008b) by including the 14 For more details regarding the uniform sample selection ingky
post-DR5 quasars, as well as measurements based on neweverage, see, e.g., Richards et al. (2002a, 2006b); Stzén(2007).
multiple-Gaussian fits to the lines (as discussed aboved. Th 15 The K-corrections here include both continuuke-correction and

; ; ; ; emission-lineK-correction (Richards et al. 2006b); while the cataloged ab
format of the catalog is described in Table 1. .ObJeCtS a.lre solute magnitudes in Schneider et al. (2010) wereorrected for continuum
in the same order as the DR7 quasar catalog in Schneidepnjy.
et al. (2010). Below we describe the specifics of the cata- 16 The SEDs for individual quasars show significant scattey. (Richards
loged quantities. The SDSS terminology can be found on theet al. 2006a), so the adopted bolometric corrections arg appropriate in

SDSS websit®. Flux measurements were corrected neither (he average sense. Some authors suggest to remove the IRbteSED
in estimating the bolometric corrections (e.g., Marconakt2004), where

the IR radiation is assumed to come from the reprocessed tigtien. This

*2 Note that in Shen et al. (2008b) we only reported high-qualieasure-  ill generally reduce the bolometric corrections by abow third. However,
ments with median S/N 6 and a reducegt? < 5 for a single-Gaussian fitto  since we are not correcting for intrinsic extinction of thexflusing our fidu-
the line; here we retain all measurements for completeness. cial bolometric corrections will not overestimate the boktric luminosity

13 hitp:/lwww.sdss.org/dr7/ significantly.
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FiG. 9.— Comparison of virial masses between two different éaémators for the subset of quasars in our sample for whith line estimates are available
and the median line S/N per pixel 6. The left panels are one-to-one plots, where the contaeréoaal point density contours. The right panels show the
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14.

15.

16-17.Observedadio flux density at rest-frame 6 cfg.,, and

18.

BAL flag: 0=nonBALQSO or no wavelength cover-
age; 1=CGv HIBALQSO; 2=Mgi1 LoBALQSO; 3=both

1 and 2. The LoBALQSO selection is very incomplete
as discussed in §2.

spectral fits. No correction for host contamination is
made (see discussion in 83.6).

25-30. Line luminosity, FWHM, equivalent width and their er
rors for the broad i component.

FIRST radio flag-1=notin FIRST footprint; 0=FIRST

undetected; 1=core dominant; 2=lobe dominant (for de31-36. Line luminosity, FWHM, equivalent width and their er

tails, see Jiang et al. 2007). Note these two classes of rors for the narrow k| component.

radio morphology do not necessarily correspond to the

FR | and FR |l types (see Lin et al. 2010 for more de-37-40. Line luminosity, equivalent width and their errocs f

tails). narrow [Ni1] A\6584.

41-44. Line luminosity, equivalent width and their errocs f

optical flux density at rest-frame 2500 #s0o. narrow [Sir] A\6717.

45-48. Line luminosity, equivalent width and their errocs f
narrow [Si1] A6731.

Radio loudnesR = fecm/ f2s00

19-24. Ls100, L3ooo, L13so and their errors: continuum luminos-

ity at 5100 A, 3000 A and 1350 A, measured from the49-50. 6000-6500 A iron equivalent width and its error.
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51-52. Power-law slopea, and its error for the continuum fit
for Ha.

53-54. Number of good pixels and mediayiNSper pixel for
the Hx region (6400-6765 A).

55. Reduced,? for the Hu line fit; -1 if not fitted.

56-61. Line luminosity, FWHM, equivalent width and their er
rors for the broad B component.

62-67. Line luminosity, FWHM, equivalent width and their er

to the broad componetft Recall that the velocity shifts

of narrow lines were tied together during spectral fits.
These velocity shifts can be used to compute the rel-
ative velocity offsets between two lines for the same
object, such as thei€-Mgir blueshift, but shoulahot

be interpreted as the velocity shifts from the restframe
of the host galaxy due to uncertainties in the systemic
redshift. Positive values indicate blueshift and negative
values indicate redshift; value of>310° indicates an
unmeasurable quantity.

rors for the narrow 4 component. 127-138. Virial BH masses using calibrations of tMDO04), H3

68. FWHM of broad H5 using a single Gaussian fit (Shen
et al. 2008b).

69-72. Line luminosity, equivalent width and their erroos f
[O111] A4959.

73-76. Line luminosity, equivalent width and their erroos f
[O111] A5007.

77-78. 4435-4685 A iron equivalent width and its error.

79-80. Power-law slopea, and its error for the continuum fit
for Hp.

81-82. Number of good pixels and mediapiNSper pixel for
the H3 region (4750-4950 A).

83. Reduced,? for the H3 line fit; —1 if not fitted.

84-89. Line luminosity, FWHM, equivalent width and their er
rors for the whole Mg profile.

90-95. Line luminosity, FWHM, equivalent width and their er
rors for the broad Mg profile.

96. FWHM of broad Mg using a single Gaussian fit (Shen
et al. 2008b).

97-98. 2200-3090 A iron equivalent width and its error.

99-100. Power-law slope, and its error for the continuum fit
for Mgir.

101-102. Number of good pixels and mediafNSper pixel for
the Mg region (2700-2900 A).

103. Reduceq? for the Mgt line fit; —1 if not fitted.

104-109. Line luminosity, FWHM, equivalent width and their
rors for the whole @/ profile.

110-111. Power-law slope, and its error for the continuum fit
for Crv.

112-113. Number of good pixels and mediafNSper pixel for
the Qv region (1500-1600 A).

114. Reduceq? for the Qv line fit; -1 if not fitted.

115-126. Velocity shifts (and their errors) relative to Hystemic

redshift (cataloged in Schneider et al. 2010) for broad

Ha, narrow Hy, broad H3, narrow H3, broad Mgr,

(VP06), Mgr (MDO04), Mgt (VO09), Mg (S10) and
Civ (VP06). The definitions of the acronym names of
each calibration can be found in §3.7. Zero value indi-
cates an unmeasurable quantity. We use FWHMSs from
a single Gaussian fit to the broad component fgr H
(MDO04) and Mg1 (MDO04); FWHMs from the multiple-
Gaussian fit to the broadfor HS (VP06); FWHMs
from the multiple-Gaussian fit to the entire M@nd
Civ lines for Mg1 (VO09) and Gv (VPO06) respec-
tively; FWHMs from the multiple-Gaussian fit to the
broad Mgt line for Mg (S10). See 83 for detalils.

139. The adopted fiducial virial BH mass if more than one
estimate is available. See detailed discussion in 83.7.

140. The measurement uncertainty of the adopted fiducial
virial BH mass, propagated from the measurement un-
certainties of continuum luminosity and FWHM. Note
that this uncertainty neither includes the statistical un-
certainty & 0.3-0.4 dex) from virial mass calibra-
tions, nor includes the systematic uncertainties with
these virial BH masses.

141. Eddington ratio computed using the fiducial virial BH
mass.

142. Special interest flag. This is a binary flag: bit#0
set=disk emitters with high confidence (the vast ma-
jority are selected based on the Balmer lines); bit#l
set=disk emitter candidates; bit#2 set=double-peaked
[O111] AA4959,5007 lines. These flags were set upon
visual inspection of alk < 0.89 quasars in the cata-
log. In particular, disk emitter candidates (bit#1=1)
are those with asymmetric broad Balmer line profile or
systematic velocity shifts from the narrow lines; while
those with high confidence (bit#0=1) show unambigu-
ous double-peaked broad line profile or large velocity
offsets between the broad and narrow lines. Fig. 10
shows two examples of disk emitters with high confi-
dence.

4. APPLICATIONS

The spectral measurements described above can be used to
study the statistical properties of broad line quasarse Wer
briefly discuss some applications of this spectral catalog.

17 The velocity shifts of the broad lines measured from thero@htof a
single Gaussian fit to the line on average are consistentthdtbe using the

and Gv. The velocity shifts for th_e broad |in(."-'S are mea- peak of the multiple-Gaussian fit with negligible mean dffsit they can
sured from the peak of the multiple-Gaussian model fit differ (typically by < 200 kms?) for individual objects.
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4DE1 parameter space of Sulentic and collaborators) have a
tendency to have weaker relative iron emission strength for
larger FWHMs. The black contours show the distribution
of all quasars while the red contours show the distribution
of radio-loud R > 10) quasars. It appears that the radio-
loud contours are more vertically elongated, broadly consi
tent with the phenomenological classification scheme based
on the 4DE1 parameter space (e.g., Sulentic et al. 2000; 2002
Zamfir et al. 2009). The physics driving these charactessti
Ll in the parameter space is currently not clear, and desarxes f
7000 ther study.
‘ Fig. 15 shows the correlation between thafilPA5007 lu-
minosity and the continuum luminosity at 5100 A. This cor-
relation is usually used to estimate the bolometric lumiiyos
using the [Qu1] A5007 luminosity as a surrogate for type 2
quasars (e.g, Kauffmann et al. 2003; Zakamska et al. 2003;
Heckman et al. 2004; Reyes et al. 2008). While the corre-
lation is apparent, it has a large scatter, as noted in earlie
studies (e.g., Heckman et al. 2004; Reyes et al. 2008). The
mean linear relation is:
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Fi. 10 T les of disk emitt it hiah confid Q) with a scatter~ 0.35 dex. Using the bolometric correc-

1G. .— Iwo examples of aisk emitters wi Igh conti encef#@ml . H H H _

Upper: a Balmer disk emitter at= 0.15. Bottom: a possible CIV disk emitter tion from Richards et al. (2006a)’ a CrUd.e con\./ers[on_b.e

atz=1.94. tween Liony asoo7 @and the quasar bolometric luminosity is:
Lbol = 3200 (o111 A5007-

4.1. Correlations between emission line properties

One great virtue of the SDSS DR7 quasar survey is thatit 4.2. E_m|s_S|o.n line shifts ) _
provides unprecedented statistics for broad-line quasg-p Fig. 16 shows the distributions of velocity shifts between
erties. To demonstrate this, Figs. 11-13 show some statisti Various emission lines. Recall that the velocity of the kiroa
cal properties of quasars using our spectral measurenments f lines is measured from the peak of the multiple-Gaussian
HJ3, Mgi1, and Gv, respectively. These figures show the typ- fit. .The _Ieft panel of Fig. 16 shows the _d|str|but|ons of ve-
ical values of these properties for SDSS quasars as a quickocity shifts between the broad Balmer lines and the narrow
reference. lines. The means of these distributions are consistent with

There are correlations among the properties shown in Figs.zero, hence there is no offset in the mean between the broad
11-13. Some of these correlations are not due to selection efand narrow Balmer lines (cf., Bonning et al. 2007). We note
fects. For instance, the well-known Baldwin effect (Baldwi that if we did not account for the blue wings of the narrow
1977), i.e., the anti-correlation between line EW and eonti  [O111] AA4959,5007 lines during spectral fitting, there would
uum luminosity, is clearly seen foriC and Mg1. There are  be a net redshift of the order of 100 kms" between the
also strong correlations between EW and FWHM foriMg  broad H3 line and [Orui], which is inconsistent with the re-
(e.g., Dong et al. 2009b) andiG; which are not due to any ~ Sults for Hy versus [Si]. The right panel of Fig. 16 shows
apparent selection effects. The statistics of our catatmg n  the velocity offsets between Mgand [Or1] and between
allows in-depth investigations of these correlationswhien ~ Ctv and Mgr. The Mgz line shows no mean offset from
ning in different quantities such as redshift or luminasityd ~ [O111], while the Qv line shows a systematic blueshift of
to probe the origins of these correlations. However, theze a ~ 600 kms™ with respect to Mg (e.g., Gaskell 1982; Tytler
some apparent correlations which are likely due to selectio & Fan 1992; Richards et al. 2002b); see Richards et al. (2010)
effects inherent in a flux-limited sample, or host contami- for further discussion. . ) )
nation. For instance, the apparent anti-correlation betwe  Itis interesting to note that many of the objects in the wings
ay and logLsy00, and the mild negative Baldwin effect below of the velocity _offset d|st_r|but|ons of the broa_d Balmerdin
logLs100 < 45 for H3 seen in Fig. 11, are most likely caused VS the narrow lines are either strong disk-emitters (e.gerC
by increasing host contamination towards fainter lumitiesi et al. 1989; Eracleous & Halpern 1994; Strateva et al. 2003),
(see §3.6). Moreover, the spectral quality (mainly S/N) has Or have the broad component systematically offset from the
important effects on the measured quantities and may beas th narrow line center; in other cases the apparent large shifts
measurements at the low S/N end. Thus one must take thes@ere caused by poor fits to noisy spectra.
issues into account when using the catalog to study correla-
tions among various properties. The detailed investigataf 5. SUMMARY
various correlations will be presented elsewhere. We have constructed a value-added DR7 quasar catalog

Fig. 14 shows the so-called 4DE1 projection in thé H with various properties. In this catalog we compiled con-
FWHM versusReei = EWre|ia434-4684/ EWHg Space (e.g., Su-  tinuum and emission line properties forddHS3, Mg, and
lentic et al. 2000, 2002; Zamfir et al. 2009), which is an ex- Crv based on our spectral fits. We also included radio prop-
tension of the eigenvector space for quasar properties sugerties, and flagged quasars of special interests, such ad bro
gested by Boroson & Green (1992). Objects with FWHM absorption line quasars and disk emitters. We also compiled
> 4000 kms? (i.e., population “B” in the terminology of the  virial BH mass estimates using these spectral measurements
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18 http://www.cfa.harvard.eds/yshen/BH_mass/dr7.htm

This catalog can be used to study correlations among prop-
erties of optically selected quasars, and the active blatd h
mass function in quasars (Shen et al., in preparation). We
performed various tests and found that our automatic fitting
procedure to emission lines performed reasonably well. How
ever, as we have mentioned earlier, one must take into atcoun
the possible effects of selection and S/N, as well as the sys-
tematics involved in converting the measured quantitieketo
rived quantities, upon usage of these measurements to study
guasar properties.

Finally, we make this catalog publicly available onfie
where we also provide supplemental materials (such as-dered
dened spectra, quality assessment fitting plots, etc) apdrim
tant future updates of this compilation.
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TABLE 1 FITS CATALOG FORMAT

Column Format

Description

1...... STRING SDSS DRY7 designation hhmmseadssnmss.s (J2000.0)
2...... DOUBLE Right ascension in decimal degrees (J2000.0
3. DOUBLE Declination in decimal degrees (J2000.0)
4...... DOUBLE Redshift

5...... LONG Spectroscopic plate number

6...... LONG Spectroscopic fiber number

7...... LONG MJD of spectroscopic observation

8...... LONG Target selection flag (TARGET version)
9...... LONG Number of spectroscopic observations
10..... LONG Uniform selection flag

11..... DOUBLE Mi(z=2) [h=0.7,Q = 0.3,Q2, = 0.7, K-corrected ta = 2, following Richards et al. (2006b)]
12..... DOUBLE Bolometric luminosity [logol/ergs™®)]

13..... DOUBLE Uncertainty in lod-po

14..... LONG BAL flag (0=nonBALQSO;1=[/ BALQSO; 2=MdI BALQSO; 3=both 1 and 2)
15..... LONG FIRST radio flag (-1=not in FIRST footprint; ST undetected; 1=core-dominant; 2=lobe-dominant)
16..... DOUBLE Observed radio flux density at rest-frame 6f¢crgem [mJy]
17..... DOUBLE Observed optical flux density at rest-frarB8@A [log(f,, 2500/€rgstem2Hz1)]
18..... DOUBLE Radio loudneR= f, gcm/ fu 2500

19..... DOUBLE Monochromatic luminosity at 5100A [ldgo/ergs™®)]
20..... DOUBLE Uncertainty in lod-5100

21..... DOUBLE Monochromatic luminosity at 3000A [Idgoo/ergs™)]
22..... DOUBLE Uncertainty in lod-3000

23..... DOUBLE Monochromatic luminosity at 1350A [ldggso/ergs™)]
24 ..... DOUBLE Uncertainty in lod-13s0

25..... DOUBLE Line luminosity of broad H [log(L/ergs™)]
26..... DOUBLE Uncertainty in 10d-Hq broad

27..... DOUBLE FWHM of broad i (kms™)

28..... DOUBLE Uncertainty in the broadddFWHM

29..... DOUBLE Restframe equivalent width of broad KA)
30..... DOUBLE Uncertainty in EWq broad

31..... DOUBLE Line luminosity of narrow H [log(L/ergs?)]
32..... DOUBLE Uncertainty in l0d-He narrow

33..... DOUBLE FWHM of narrow kb (kms™)

34..... DOUBLE Uncertainty in the narrowddFWHM

35..... DOUBLE Restframe equivalent width of narrow it
36..... DOUBLE Uncertainty in EWjq narrow

37..... DOUBLE Line luminosity of [NT] A6584 [log(/ergs™)]
38..... DOUBLE Uncertainty in lod-(nijjess4

39..... DOUBLE Restframe equivalent width of [N A6584 (A)
40..... DOUBLE Uncertainty in EVWijessa

41..... DOUBLE Line luminosity of [$1] A6717 [log(L/ergs™)]
42..... DOUBLE Uncertainty in lod-(sije717

43..... DOUBLE Restframe equivalent width of [§ 6717 (A)

44 . .. .. DOUBLE Uncertainty in EVysije717

45..... DOUBLE Line luminosity of [$1] A6731 [log(_/ergs?)]
46..... DOUBLE Uncertainty in lod-(sije731

a7 ..... DOUBLE Restframe equivalent width of [§ A6731 (A)
48..... DOUBLE Uncertainty in EVysije731

49 ... .. DOUBLE Restframe equivalent width of Fe within 668B00A (A)
50..... DOUBLE Uncertainty in EWepHa

51..... DOUBLE Power-law slope for the continuum fit fonH
52..... DOUBLE Uncertainty inayq

53..... LONG Number of good pixels for the restframe 64085 region
54..... DOUBLE Median S/N per pixel for the restframe 640®B8A region
55..... DOUBLE Reduceg? for the Hu line fit; -1 if not fitted
56..... DOUBLE Line luminosity of broad Bi[log(L/ergs?)]
57..... DOUBLE Uncertainty in lod_y3 broad

58..... DOUBLE FWHM of broad 18 (kms™)

59..... DOUBLE Uncertainty in the broaddHWHM

Continued on Next Page. ..
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TABLE 1 — Continued
Column  Format Description
60..... DOUBLE Restframe equivalent width of broag KA)
61..... DOUBLE Uncertainty in EWs broad
62..... DOUBLE Line luminosity of narrow H [log(L/ergs™)]
63..... DOUBLE Uncertainty in lod-ns narrow
64..... DOUBLE FWHM of narrow 4 (kms1)
65..... DOUBLE Uncertainty in the narrowdHFWHM
66..... DOUBLE Restframe equivalent width of narrovs R)
67..... DOUBLE Uncertainty in EWg narrow
68..... DOUBLE FWHM of broad A using a single Gaussian fit (ki3
69..... DOUBLE Line luminosity of [Q11] A\4959 [log(/ergs?)]
70..... DOUBLE Uncertainty in |Og.[o|||]4959
71..... DOUBLE Restframe equivalent width of [@] 4959 (&)
72..... DOUBLE Uncertainty in EVYOIII]4959
73..... DOUBLE Line luminosity of [Q1I] A5007 [log(/ergs?)]
74..... DOUBLE Uncertainty in |Og_[o|||]5007
75..... DOUBLE Restframe equivalent width of {@] A5007 (A)
76..... DOUBLE Uncertainty in EWouijjs007
77..... DOUBLE Restframe equivalent width of Fe within 44885A (&)
78..... DOUBLE Uncertainty in EWepHg
79..... DOUBLE Power-law slope for the continuum fit fosH
80..... DOUBLE Uncertainty inaqg
8l..... LONG Number of good pixels for the restframe 47568@® region
22..... DOUBLE Median S/N per pixel for the restframe 47%%@A region
33..... DOUBLE Reduceg? for the H3 line fit; -1 if not fitted
84..... DOUBLE Line luminosity of the whole Mg [log(L/ergs?)]
85..... DOUBLE Uncertainty in lod-mgi whole
86..... DOUBLE FWHM of the whole Mg (kms™1)
87..... DOUBLE Uncertainty in the whole MgFWHM
88..... DOUBLE Restframe equivalent width of the wholeIVI(A)
89..... DOUBLE Uncertainty in EWigii whole
2..... DOUBLE Line luminosity of broad Mg [log(L/ergs™)]
91..... DOUBLE Uncertainty in lod-mgi broad
92..... DOUBLE FWHM of broad Mty (kms™1)
93..... DOUBLE Uncertainty in the broad NMigFWHM
9..... DOUBLE Restframe equivalent width of broad W¢A)
95..... DOUBLE Uncertainty in EWgii broad
%..... DOUBLE FWHM of broad Mg using a single Gaussian fit (ka3
97..... DOUBLE Restframe equivalent width of Fe within 2280004 (A)
98..... DOUBLE Uncertainty in EWemgu
99..... DOUBLE Power-law slope for the continuum fit for Mg
100. DOUBLE Uncertainty inavgi
101. LONG Number of good pixels for the restframe 27008 region
102. DOUBLE Median S/N per pixel for the restframe 27@DQA region
103. DOUBLE Reduceg? for the MdlI line fit; -1 if not fitted
104. DOUBLE Line luminosity of the wholel® [log(L/ergs™)]
105. DOUBLE Uncertainty in lod_c)v
106. DOUBLE FWHM of the whole 6/ (kms™1)
107. DOUBLE Uncertainty in the X’ FWHM
108. DOUBLE Restframe equivalent width of the whols/GA)
109. DOUBLE Uncertainty in EWy
110. DOUBLE Power-law slope for the continuum fit fonC
111. DOUBLE Uncertainty inacyy
112. LONG Number of good pixels for the restframe 15006 region
113. DOUBLE Median S/N per pixel for the restframe 15@BAA region
114. DOUBLE Reduceg? for the Q' fit; -1 if not fitted
115. DOUBLE Velocity shift of broad H (kms™)
116.... DOUBLE Uncertainty inVyq broad
117.... DOUBLE Velocity shift of narrow b (kms™)
118.... DOUBLE Uncertainty inVia, narrow
119.... DOUBLE Velocity shift of broad B (kms™1)
120.... DOUBLE Uncertainty inVig broad
121.... DOUBLE Velocity shift of narrow A (kms™1)
122.... DOUBLE Uncertainty inVig narrow
123.... DOUBLE Velocity shift of broad Mg (kms™)
124.... DOUBLE Uncertainty inVigil broad
125.... DOUBLE Velocity shift of €V (kms™)
126.... DOUBLE Uncertainty inVev
127.... DOUBLE Virial BH mass based ond{MDO04, log(MgH vir /Me)]
128.... DOUBLE Measurement uncertainty in Mgy vir (H3, MD04)
129.... DOUBLE Virial BH mass based ondHVP06, logMgH vir /Mo)]
130.... DOUBLE Measurement uncertainty in Mg vir (H3, VP06)
131. DOUBLE Virial BH mass based on MidMDO04, log(MgH.vir /Mo)]

Continued on Next Page. ..
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TABLE 1 — Continued

Column  Format Description

132.... DOUBLE Measurement uncertainty in Mgy vir (MgI1, MD04)
133.... DOUBLE Virial BH mass based on MdVO09, logMgH vir /Mo )]
134.... DOUBLE Measurement uncertainty in Mgy vir (MgII, VO09)
135.... DOUBLE Virial BH mass based on MJS10, logMgH vir/Me)]
136.... DOUBLE Measurement uncertainty in Mgy vir (MgII, S10)
137.... DOUBLE Virial BH mass based o€ [VP06, logMgH vir /Mo)]
138.... DOUBLE Measurement uncertainty in Mgy vir (CIV, VP06)
139.... DOUBLE The adopted fiducial virial BH mass [I6MKH vir /Mo)]
140.... DOUBLE Uncertainty in the fiducial virial BH mass (as@rement uncertainty only)
141.... DOUBLE Eddington ratio based on the fiducial viridd Biass [loglpol/Ledd)]
142. ... LONG Special interest flag

NoTE. — (1) Objects are in the same order as in the DR7 quasar gatdtthneider et al. 2010); (R—corrections are the
same as in Richards et al. (2006b); (3) Bolometric luminesitomputed using bolometric corrections in Richards.€P8l06a)

using one of the 51004, 3000A, or 1350A monochromatic lursities depending on redshift; (4) Uncertainties are measant

errors only.



