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ABSTRACT

A] 23 Au

We present the Data Release 12 Quasar catalog (DR12Q) fmatyon Oscillation Spectroscopic Survey (BOSS) of thea&IDigital Sky
(D Survey lll. This catalog includes all SDSS/BIOSS objects that were spectroscopically targeted as goasdidates during the full survey
c‘ and that are confirmed as quasars via visual inspection ofpiketra, have luminositieldli[z = 2] < —20.5 (in a ACDM cosmology with
Ho = 70 km s* Mpc™, Qu = 0.3, andQ, = 0.7), and either display at least one emission line with a fiditvat half maximum (FWHM) larger
Cllthan 500 km st or, if not, have interestingomplex absorption features. The catalog also includesqrgly known quasars (mostly from SDSS-
and Il) that were reobserved by BOSS. The catalog contaid3@9 quasars (272026 are new discoveries since the begiohiSDSS-III)
< .detected over 9376 dégvith robust identification and redshift measured by a cormuam of principal component eigenspectra. The number of
4+ .quasars wittz > 2.15 (184 101, of which 167 742 are new discoveries) is about@er @f magnitude greater than the number 5f2.15 quasars
known prior to BOSS. Redshifts and FWHMSs are provided forstinengest emission lines (€, Cmi], Mg u). The catalog identifies 29 580 broad
qv] absorption line quasars and lists their characteristios eBch object, the catalog presents five-band(r, i, 27 CCD-based photometry with
typical accuracy of 0.03 mag together with some informatarthe optical morphology and the selection criteria. Wheailable, the catalog
— also provides information on the optical variability of gags using SDSS and Palomar Transient Factory multi-epoctometry. The catalog
also contains X-ray, ultraviolet, near-infrared, and oaginission properties of the quasars, when available, fritrer darge-area surveys. The
CY>) calibrated digital spectra, covering the wavelength ne@®00-10 500A at a spectral resolution in the range k3B0<2 500, can be retrieved
from the SDSS Catalog Archive Server. We also provide a supphtal list of an additional 4 841 quasars that have beeifigel serendipitously
outside of the superset defined to derive the main quasdogata

(O 'Key words.  catalogs — surveys — quasars: general

o

g 1. Introduction (BAO) in the early universe from the spatial distributionbaith

. . . luminous red galaxies a ~ 0.7 (Anderson et al. 2012, 2014;
(O Since the discovery of the first quasarlby Schiiidt (1963)) €akjam et al 2016) and H absorption lines in the intergalactic
1 ‘generation of spectroscopic surveys has enlarged the mohbe . 4ium (IGM) atz ~ 2.5 (Busca et al. 2013; Slosar eﬂhbl?:'

S [._2015). In order to achieve this goal, the quasa

known quasars by roughly an order of magnitude: the Bri
= '
:= ‘Quasar Surve hmi reen 1983) reached the 100 digiyey of the BOSS was designed to discover at least 15 quasar

er square degree with1b < z < 3.5 over~10000 ded (Ross

coveries milestone, followed by the Large Bright Quasan&ur
= (LBQS; [Hewett et all 1995) and its 1000 objects, then thg 4 T201p). The final SDSSH -
’ X ’ al.[201D). quasar catalog of Schneider
@ 25000 quasars from the 2dF Quasar Redshift Survey (ZE@I. (201D) containes19 000 quasars wita > 2.15. In this

Croom et all 2004), and the Sloan Digital Sky Survey (SDSSaner we report on the final quasar catalog from SDSS-II,
York et _al.[2000) with over 100000 new quasars (Schneidghich reaches a new milestone by containing 184 101 quasars
et al.[201D). Many other surveys have also contributed 10, 5 15 167 742 of which are new discoveries.

increase the number of known quasars ( mit
11980;/ Boyle et all_1988; ie- i_ef al. 1996). Most _ _
of these objects have redshifts ok 2. The main goal of the  This paper presents the final SDSSBIDSS quasar catalog,
Baryon Oscillation Spectroscopic Survey (BOSS; Dawsdlenoted DR12Q, that compiles all the spectroscopically- con
et al.[201B), the main dark time survey of the third stage 8fmed quasars identified in the course of the SDSBOISS

the SDSS (SDSS-III;_Eisenstein ef al. 2011), is to detect tRerve and released as part of the SDSS twelfth dgita release
characteristic scale imprinted by baryon acoustic osiittes %).The bulk of the quasars contained in DR12Q
come from the main SDSS-IBOSS quasar target selection

* 'la Caixa’-Severo Ochoa Scholar (Ross et dl_2012). The rest of the quasars were observed by
** Severo Ochoa IFT Fellow SDSS-IIJBOSS ancillary programs (46 574 quasars not targeted
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by the SDSS-1IIBOSS main quasar survey;
12013; Ahn et all 2014; Alam et Bl. 2015),
tended Quasar, ELG and LRG Survey (SEQUELS) |
SDSS-I1VVeBOSS pilot survey (20133 quasars no
the SDSS-IIIBOSS main quasar survei-_m
Myers et al.[ 2015). In addition, we catalog qua:
serendipitously targeted as part of the SDSEIIS

surveys. DR12Q contains 297 301 unique quasars,

ing z > 2.15, over an area of 9376 dedNote that th
does notincludall the previously known SDSS qua
the ones that were re-observed by the SDSBOS

see gawson e
and tfiean Ex-

sky v
hat is the ~75
t targeted by th
€ 015DS
sars that ghot
S galaxy were
184101 haetr
is catalog calib

t &t all.

[1995). A total of 14555 unique square degrees of the
vere imaged by this camera, including contiguous aréas o
DO deg in the North Galactic Cap (NGC) ane3 100 degd

e SGC that comprise the uniform “Legacy” areas of the
S [(Aihara et al. 2011). These data were acquired on dark
bmetric nights of good seei [al. 2001). Object
detected and their properties were measured by thephot
c pipeline 1; Stoughton et al. 2008) a
rated photometrically (Smith et/al. 2002; Iveet al! 2004,

sars but on[Juck

S survey. cally

Out of 105783 quasars listed in DR7,

80367 were not re-observed as part of SDSHBOIS
paper, we describe the procedures used to comp
catalog and changes relative to the previous SI
quasar catalogs (Paris eflal. 2012, 2014).

We summarize the target selection and obsery
tion[2. We describe the visual inspection process
definition of the DR12Q parent sample in Sectid
properties of the DR12Q sample are reviewed in

the format of the file is described in Sectigh 5. Supplemgntaichi

lists are presented in Sectigh 6. Finally, we conclud

In the following, we will use aACDM cosmolo

Ho=70kms!Mpc?, Qu = 0.3, Qs = 0.7 (Spe
[2003). We define a quasar as an object with
Mi[z = 2] < -205 and either displaying at least
sion line with FWHM> 500 kms* or, if not, havin
ing/complex absorption features. Indeed, a few te
have very weak emission lines but the Lymaiferest
their spectral(Di - al. 2009), and th
them in the DR12Q catalog. About 200 quasars

broad absorption lines are also included in our catalogl @all

[2002) even though they do not formally meet the
on emission-line width. All magnitudes quoted hg

r Bt al.|201@y; q
S. In this

le the DR1
DSBAIES 39

ations in Sec-

and gige thhe
n 3. Genef3op
Secfion 4 ang f

einice@. is the
with phys

2.2.1.

er et all 2006; Padmanabhan €t al. 2008), and astremetri
(Pier etall 2003). The SDSS/BOSS limiting magnitudes
Jasar target selection arec 21.85 org < 22.

Target selection
SDSS-II/BOSS main survey

measurement of clustering in the IGM is independent®f th
erties of background quasars used to trace the IGMyallo

or a heterogeneous target selection to be adopted er tyd

2ve the main cosmological goals of BOSS. Converselgthe

> desire to perform demographic measurements andrquasa
ics studies using a uniformly-selected quasar sanepie (

one emigNnize
) interest- Sam
ns of objects C
is seenin the S
us weidel sele
with unusy&CO
of B
requiremehe

>re are Poifber

al|20GR) ez

Spread Function (PSF) magnitudes (Stou ef
are corrected for Galactic extincti t al
2. Observations

The measurement of the clustering properties of t
the Lymane forest to constrain the BAO scale at
the percent level requires a surface density of at le
deg? in the redshift range 2.15-3.5 over about 1
degrees (McDonald & Eisenstgin 2007). To meet
ments, the five-year SDSS/BOSS program obse
184000 quasars with.25 < z < 3.5 over 9376 deg

and 2.6% in the Hubble constantat~ 2.5 (Eisens
2011; Dawson et al. 2013; Alam etlal. 2015). T

nal was detected in the auto-correlation of the L
(Busca et al. 2013; Slosar eilal. 2013; Delubac Iéig

the cross-correlation of quasars with the Lymafor
Ribera et all 2014) a ~ 2.5 using previous data

SDSS-IIl (Ahn et all 2012, 2014).

2.1. Imaging data

The SDSS-IIIBOSS quasar target selectian (Ros:
and references therein) is based on the SDSS-DR

(Aihara et all 2011) which include the SDS®-dat
extension to the South Galactic Cap (SGC). Imagi

gathered using a dedicated 2.5m wide-field tele

.)998 entn
a Ke
a like
mett:
ne IGMgusigom
~ 25 at hear
ast 4Sayg Viole
0000 squéatead
hese requiv¢éere
rved abou
The pre- FIRS

tein et al. quas
he BAO sig- T
maforest  SPec

a luminosityius,

White et all 2012; Ross etlal. 2013; Eftekharzadeh ¢t al.[p015

a strategy that mixes a heterogeneous selection té max
the surface density af> 2.15 quasars, with a uniform sub-
ble has been adopted by SDSEBIDSS [(Ross et &l. 2012).

n average, 40 fibers per square degree were allocated to
DSS-1lIBOSS quasar survey. About half of these fibers are
‘ted by a single target selection in order to createfamami
RE”) sample. Based on tests performed during the firat ye
JSS observations, the CORE selection was performed by
DQSO method (Bovy et Al. 2011). The second half of the
s are dedicated to a “BONUS” sample designed to maximize
> 2.15 quasar surface density. The output of seveiféddi
nethods — a neural network combinaltor (Yéchelet al. 2010)
rnel Density Estimator (KDE;_Richards et/al. 2004, 2009)
2lihood method (Kirkpatrick et al. 2011), and the XDQSO
od with lower likelihood than in the CORE sample — are
bined to select the BONUS quasar targets. Where awajlabl
-infrared data from UKIDS$ (Lawrence etlal. 2007) aultr

t data from GALEX [(Martin et al. 2005), along with deepe
ded imaging in overlapping SDSS r 2011
also incorporated to increase the high-redshift queaskal

{Bovy et al!201R). In addition, all point sources that matot

T radio survey (July 2008 version;_Becker eftlal. 1995)

cision reached is of order 4.5% on the angular diameterrttista Within a 1’ radius and haveu(- g) > 0.4 (to filter outz < 2.15

ars) are included in the quasar target selection.
0 take advantage of the improved throughput of the SDSS
trographs, previously known quasars from the SDSS-DR7

.1201b)ran (Sch
est (Font- UKIC
releases of in
lutior
the f
zZ> 7
obse

5 ¢l al. 201,01
8 imagiag dat

awith an 5 5 5
ing data were’
escope (Gunrao

et al.[2005) to collect light for a camera with 3052

(Gunn_et_al[[1998) over five broad bandsigriz (Fukugita _scier
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X CCDs fibers

IRoss et é

neider et al. 2010), the 2QZ (Croom €f al. 2004), the AAT-
)SS-DSS (AUS), the MMT-BOSS pilot survey (Appendix
2) and quasars observed at high specoal re
1by VLT/UVES and KecfHIRES were re-targeted. During
rst two years of BOSS observations, known quasars with
2.15 were systematically re-observed. We extended the re-
rvations to known quasars wil 1.8 starting from Year 3

Jder to better characterize metals in the Lymagforest.

. SDSS-III/BOSS ancillary programs

dition to the main survey, about 5% of the SDSEBIOSS
s are allocated to ancillary programs that cover a tyage

tific goals. The programs are described in the Appendix
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and Tables 6 and 7 6f Dawson ei &l. (2013) and §4.2 of Aimaging datal(Ahn et al. 20112). Objects with ¥7r < 22 that
et al. (2014). Ancillary programs whose observation stage lie within 1 of a RASS source are targeted.
ter MJID = 56107 (29th June 2012) are detailed in Appendix A
of[Alam et al. ). The full list of ancillary programs gt-
ing quasars (and their associated target selection bis)atte
included in the present catalog is provided in Appefidix A.  Quasars selected by the various selection algorithms are ob
served with the BOSS spectrographs whose resolution varies
2.2.3. The Sloan Extended Quasar, ELG, and LRG Survey ~from ~1300 at 3600 A to 2500 at 10000 AL (Smee et al.
(SEQUELS) 2013). Spectroscopic observations are obtained in a sefrts
least three 15-minute exposures. Additional exposuretaien
A significant fraction of the remaining dark time availabl@ntil the squared signal-to-noise ratio per pixeJNJ, reaches
during the final year of SDSS-IIl was dedicated to a pilot syrv the survey-quality threshold for each CCD. These threshailed
to prepare for the extended Baryonic Oscillation Specop&c (S/N)? > 22 ati-band magnitude 21 for the red camera and
Survey (eBOSS; | Dawson etlal. 2015), the Time Doma($/N)2 > 10 atg-band magnitude 22 for the blue camera (Galac-
Spectroscopic Survey (TDSS{__Morganson etlal. 2015) afid extinction-corrected magnitudes). The spectroscogituic-
the SPectroscopic Identification of eROSITA Sources surveign pipeline for the BOSS spectra is describeﬂt a
(SPIDERS). the Sloan Extended QUasar, ELG and LRG Surv@012). SDSS-III uses plates covered by 1000 fibers that can
(SEQUELS). The SEQUELS targets are tracked with thg placed such that, ideally, up to 1 000 spectra can be @atain
EBOSS_TARGETO flag in DR12Q. TheEBOSS_TARGETO flag is simultaneously. The plates are tiled in a manner which alow
detailed in Appendix A.3 and Table 7of Alam et al. (2015). Wehem to overlap[(Dawson etlal. 2013). A total of 2438 plates
provide here a brief summary of the various target selestionere observed between December 2009 and June 2014; some
applied to this sample. were observed multiple times. In total, 297 301 unique quasa
have been spectroscopically confirmed based on our visual in
The main SEQUELS subsample is based upon the eBO§$ction described below. Fig. 1 shows the observed skgnisgi
quasar survey (Myers etlal. 2015): The total area covered by the SDSIBIDSS is 9376 deg

— The eBOSS “CORE” sample i intended to recovefisient Fig.[2 shows the number of spectroscopically confirmed qeasa

qguasars in the redshift rang0< z < 2.2 for the cosmolog- with respect to their observation date.
ical goals of eBOSS and additional quasarzat2.2 to sup-
plement BOSS. The CORE sample homogeneously targ
guasars at all redshifts> 0.9 based on the XDQSOz methoc
.) in the optical and a WISE-optical colo
cut. In order to be selected, it is required that point sasirc
have a XDQSOz probability to be 2> 0.9 quasar larger
than 0.2and pass the color cutgy — Mwise > (9—1i) + 3 Py
wheremy is a weighted stacked magnitude in the andi N
bands andnysg is a weighted stacked magnitude inthe W = .
and W2 bands. Quasar candidates lgawe22or r < 22with e
a surface density of confirmed new quasars (at any redshi i+ ; ]
of ~ 70 deg?. P S S

— PTF sample: quasars over a wide range of redshiftsarese- =~~~ "~ 7 7
lected via their photometric variability measured from thgid: 1. Distribution on the sky of the SDSS-DRBOSS spectroscopy
Palomar Transient Factory (PTE. Rau et al. 2009; Lawlet éﬂ_JZOOO equatorial coordinates (expressed in decimakdsyr
[2009). Quasar targets have- 19 andg < 22.5 and provide
an additional 3-4& > 2.1 quasars per dég

— Known quasars with low quality SDSS-IBOSS spectra ;
(0.75 < S/N per pixel < 3) or with bad spectra are re-3' Construction of the DR12Q catalog
observed. Spectra of all the SDSS-JBOSS quasar candidates, all the

— uvxts==1 objects in the KDE catalog df Richards et alSDSS-IIl quasar targets from ancillary programs and altre
(2009) are targeted (this target class will be discontirfoed jects classified robustly as> 2 quasars by the SDSS pipeline
eBOSS). (Bolton et all 2012) among the galaxy targets (Reid kt al5201

— Finally, quasars within within "1of a radio detection in the have been visually inspected. The SDSS-DR12 quasar catalog
FIRST point source catalog (Becker el al. 1995) are targetégpuilt upon the output of the visual inspection of 546 856tsu

quasar candidates.

2.3. Spectroscopy

TDSS target point sources are selected to be variable
the g, r andi bands using the SDSS-DR9 imaging data (Ahn
et al.[201P) and the multi-epoch Pan-STARRS1 (PS1) photofi. Visual inspection process
etry (Kaiser et dl. 2002, 20110). The survey does not speltyfic

target quasars but a significant fraction of targets belortyis “The spectra of quasar candidates are reduced by the SDSS

| M 201 hus incl : pipelind, Wh_ich provid_es a clgissifi(_:ation$o, STAR or GALAXY)
g;rfli)le forr thre] qLTasar Catalgé,.and are thus included in trenpa and a redshift. To achieve this, a library of stellar tenrgdatind

Finally, the AGN component of SPIDERS targets X-ray The software used to reduce SDSS data is called idl-
sources detected in the concatenation of the Bright andt Fajpec2d. Its DR12 version is v5_7_0 for spectra taken prior to
ROSAT All Sky Survey (RASS) catalogs (Voges etlal. 199%JD = 56755 and v5_7_3 after that date. Details can be found at
[2000) and that have an optical counterpart detected in th& DiRtp;/www.sdss3.ortgir12/software and i Bolton et bl (2012).
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E : : : : the object is classified a Finally, when the 8N is too low

E : : : F or the spectrum isfeected by poor sky subtraction or has por-
‘ ‘ ‘ - tions missing needed that prevent an identification, itassified

L asBad. The distinction betweeBad and? becomes somewhat

: subjective as the/Sl decreases. Examples of spectra to illustrate
these categories are shown in [Fif. 3.

Most of the quasars are observed as part of the main SDSS-
III/BOSS quasar survey whose target selection is described in
‘ ‘ ‘ ‘ ‘ [Ross et al. 2) or ancillary programs targeting quasaesd-

E : : : ] dition, we also included serendipitous quasars that wewado
among galaxy targets. Because these latter spectra haakyusu
E ‘ ‘ ‘ F low S/N, their exact identification is moreftiicult. Thus, specif-

E ] ] ] . ically for these objects we adopted a binary visual inspecti
classification: either an object i080 or isnot_a_QS0.

N
o
T
|

10* Quasars (cumulative number)
=
o
T T
| L

0k ‘ ‘ ‘ ‘ 3.2. Definition of the DR12Q parent sample

Jan 1st Jan 1st Jan 1st Jan 1st Jan 1st . ) . .
2010 2011 2012 2013 2014 We selected objects for visual inspection from among the fol

Date lowing targets:

Fig. 2. Cumulative number of quasars as a function of observatite da_ uasar targets from the main SDSSBIDSS quasar survey:
during the whole SﬁSS-MIEOS% The A total of 2.9711?&]1 quasars ?hese targgts can be identified with BasS TERGETl targety
was spectroscopically confirmed. The “flat portions” in re cor- . - e
gt hutdowns. selection flag (Seé_Ross etlal. 2012, for more details);
respond o summer shutdowns — ancillary programs that target quasars: these can befigehti
with the ANCILLARY_TARGET1 and ANCILLARY_TARGET2
target selection flags that are fully described in Appendix
of Eiéfg )éil al.

a principal component analysis (PCA) decomposition ofxgala :
and quasar spectra are fitted to each spectrum. Each class oP.Of D?mnﬂ—dl-m?’) and Appendix A

templates is fitted in a given range of redshift: galaxiesnfro ' .
z = —0.01 to 100, quasars from = 0.0033 to 700, and stars — quasar targets from the SDSS-IV pilot survey tha_t can be
fromz = —0.004 to 0004 (1 200 km s1). identified with theEBOSS_TARGETO flag. The meaning of

L . L h value of this target selection bit is fully described in
The pipeline thus provides the overall best fit (in terms ef th eac : fAlam et al.[(2015);
lowest reduced?) and a redshift for each template and thus a Appendix A oflAla al 1(2015),

classification for the object. A quality flagARNING) is asso- SDSS-IYBOSS galaxy targets that are identified by the

. X i~ pipeline as eitheQSO with z > 2 andZWARNING set to O,
ciated with each measured redsHiffARNING = O indicates that -

S : ! L ; . . or GALAXY with the subclasBROADLINE.
the pipeline has high confidence in its estimate. This ouput
used as the starting point for the visual inspection pro¢ess These criteria led to a superset containing 546 856 objeuisig
Bolton et all 2012, for details). which we identified 297 30QS0, 1623QS0_7?, 1490QS0_Z?,
Based on the initial SDSS pipeline classification and red2 804 Galaxy, 205282Star, 2640Star_?, 6 292Bad, and

shift, the quasar candidates are split into four categold@sz 2 3867. Among the galaxy targets, 6 844 objects were identified
(z< 2) and high-z£ > 2) quasars, stars and “others”. The spe@snot a QSO after their visual inspection. Finally, a total of 192
tra are visually inspected through a dedicated webpage @hwhguasar targets could not be visually inspected due to bagbpho
all spectra are matched to targeting information, imagiatad metric information. The identification or redshift of 53 4&B-
and SDSS/II spectroscopy. The inspection is performed platects (out of 546 856) changed with respect to the SDSS pipeli
by plate for each category described above with a list oftsaec(Bolton et all 20112). A total of 83% of objects classified bg th
whose identification and redshift can be validated at orfan | SDSS pipeline havBWARNING = O, i.e. their identification and
object requires a more thorough inspection, it can be intepecredshift are considered secure. Among this subset, theifiden
on asingle page on which itis possible to change the redsfudft cation or redshift of 3.3% of the objects changed after \Visua
identification of the object. Whenever a change of identiifice inspection. In such a case, the redshift is adjubtegle. For the
andor redshift is necessary, it is doig eye. Additional flags remaining 96.7%, we kept the SDSS pipeline redshift (and-ass
are also set during the visual inspection when a Damped Lymarated error) and identification. Emission-line confusiane the
a system or broad absorption lines (see Sedtioh 4.6 for furthreain source of catastrophic redshift failures, and wroegiifi-
details) are seen. Finally, quality flags are set if theraislavi- cations mostly fiect stars that are confused with- 1 quasars
ous reduction problem. When the redshift and identificaticn because of poor sky subtraction at the red end of their spectr
unambiguous based on this inspection, each object is fitassi The remaining 17% of the overall sample h@WARNING>0, i.e.
QSO0, Star or Galaxy and a redshift is adopted. If the pipelindghe pipeline output may not be reliable. For these objedtd,%
redshift does not need to be modified, the SDSS pipeline ifedsbf the identification or redshift changed after inspectiotipw-
(Z_PIPE) and the visual inspection redshift_(VT) are identical. ing the same procedure as previously. The result of the Visua
If not, the redshift is set by eye with an accuracy that calveot inspection is summarized in Taldl¢ 1. The SDSS-DR12 quasar
better thamAz ~ 0.003. In some cases, objects undoubtedly acatalog lists all the firmly confirmed quasars, i.e. thosetified
quasars but their redshift is uncertain; these objectslassified asQS0 andQSO_BAL.
asQS0_z? or QSO_BAL_Z? when the spectrum exhibits strong Together with the quasar catalog, the full result of the vi-
broad absorption lines. When the object identification iswa sual inspection, i.e. the identification of all visually pested
they are classified either &S0_? or asStar_?. For spectra objects, is made available as part of the superset file from
with a moderate B! but with a highly uncertain identification, which we derive this catalog. The identification of each obje

Article number, page 4 ¢f25
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207 — 1 T \

3589-55186-876
Identification: QSO -?
z=0.623

3668-55478-384

Identification: Star -?
a0 | \ | \ | \ | \
oC 6000 8000
Y 20 7 2.0 .
£ .
© 15 3589-55186-226 i 1.5 i 3590-55201-978 ‘
— Identification: QSO -Z? ! Identification: ?
Itn z2=1.352 1‘ [
o 1.0 10§ t
o | |
~ 05 0.5 I
p i
S ook L . ‘ ‘ ‘ 0.0} ‘ 1 L
‘>'<’ 4000 6000 8000 4000 6000 8000
>
[ A A T — 0T — T T ]

C 3878-55361-114
Identification: QSO -BAL -Z?
z2=2435

3586-55181-128
Identification: Bad

0.5

T [

0.0

P R ‘ ‘
6000 8000

O h 1 I 1 1
4000 6000 8000 4000
Wavelength (A)

Fig. 3. Examples of spectra identified @S0_? (top left),QS0_z? (middle left),QSO_BAL_Z? (bottom left),Star_? (top right),? (middle right),
andBad (bottom right). The fluxes are shown in black and associatentsin green. All the spectra are smoothed over 10 pixels.

Classification # pipeline # pipeline # visual
with ZWARNING=0 inspection
QSO 328433 287486 297301
QSO with z> 2.15 (193 064) (179691) (184101)
QS0_? - - 1623
QS0_z? - - 1490
Galaxy 41113 30373 223804
Star 177310 135722 205282
Star_? - - 2640
Bad - - 6292
? - - 2386
Missing - - 194
Not_a_ QSO (galaxy targets) - - 6844
Total 546 856 453581 546 856

@ Quasars not visually inspected because of bad photomefmiciation.
Table 1. Number of objects identified as such by the pipeline with ZIWRNING value (second column) and WIiBNARNING = O (third column),
and after the visual inspection (fourth column).

described in Sectioh 3.1 (e.QS0, QS0_Zz?, Bad) is encoded 4. Summary of the sample

with two parameters in the superset fil:ASS_PERSON and

Z_CONF_PERSON. The former refers to the classification itself4.1. Broad view

QS0, Star or Galaxy, while the latter refers to our level of con-

fidence for the redshift we associate to each object. Théarla The DR12Q catalog contains a total of 297 301 unique quasars,

between these two parameters and the identification from Samong which 184101 have > 2.15. This represents an in-

tion[31 is given in Tablgl2. We refer the reader to Appeildix &ease of 78% compared to the full SDSS-DR10 quasar catalog

for the detailed format of the DR12 superset file, which is-pr¢Péaris et al. 2014), and 121 923 quasars are new discoveries ¢

vided in FITS format/(Wells et al. 1981). pared to the previous release. The full SDSS-III specthoisco
survey covers a total footprint of 9376 dedeading to an av-
erage surface density af > 2.15 quasars of 184 deg?. A
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z_conf_person
0 1 2 3
class_person

0 Not inspected ? - -

1 - Star_? - Star

2 Not a quasat - - -

3 - QS0_7? QS0_Zz7? QSO

4 - - - Galaxy
30 - - QSO_BAL_Z? QSO_BAL

a Galaxy targets
Table 2. The visual inspection classification, corresponding todbmbination of theclass_person (first column) andz_conf_person (first
row) values provided in the superset file described in AppeBt

total of 222329 quasars, 167007 having 2.15, are located 4.2. Known quasars from SDSS-I/Il re-observed by

in the SDSS-1IIBOSS main quasar survey and are targeted as SDSS-/lI/BOSS

described i _Ross etlal. (2012pdditional BOSS-related pro- S _ o _

gramB targeted 54 639 quasars, and SEQUEtaBgeted a total AS explained in Sectioh 2.2, a significant fraction of known
of 20 333 confirmed quasars. quasars from DR7Q have been re-observed by the SDSS-

SDSS-DR12 quasars have redshifts betwzen0.041 and [I/BOSS survey. The main quasar target selection (Ross

; ; . et al.[201P) systematically re-targeted DR7Q quasars with
Z = 6.440. The highest redshift quasar in our sample was dis- ; :
covered b)}mg:hlmoﬂﬁhe redshift distribution of the %r7 > 2.15 over the entire survey. Starting from Year 3, DR7Q

: . o ! uasars with B < zpgy < 2.15 were also re-observed with
entire sample is shown in Figl 4 (left par}el; black histogra i e BOSS spectrogra?)?]. Other DR7Q quasars, mostly at lower
ﬁ.nd compare(?j t?] thSeDSSDSSS_RD 7 (Schn @014} 2010, bBshifts, were targeted as part of SDSS-IIl ancillary paogg.
istogram) and the - , orange r§‘f§SS-IIVBOSS spectra were obtained for 25416 objects listed
togram) quasar catalogs. The two peaks at0.8 andz ~ 1.6 in DR7Q. A total of 25275 quasars known from DR7Q are

seen in the SDSS-DR10 and SDSS-DR12 redshift distributiq&auded in the present catalog, i.e. are classifieci$® or

are due to known degeneracies in the SDSS color space. §88 ga; A total of 59 are not part of the DR12Q catalog due
right panel of Fig[# presents the redshift distribution éaich a lower confidence level of !coheir redshift estimate. itlegy

”?ai” subsample: the CORE _sample (dar_k blue histogram) 3re classified aQS0_Z? or QSO_BAL_Z?, and their current
signed for quasar demographics and physics studies, theBONy e ysification is included in the DR12 superset file. A total

sample (light blue histogram) whose goal is to maximize t 14 quasars dropped out of the DR12Q catalog due to bad
number of 215 < z < 3.5 quasars, quasars observed as part Gf oo metric information and were not visually inspecteut a
anC|I_Iary programs (red histogram) and t_he SDSS-IV pilet sy quasars have bad spectra, mostly “empty spectra’, in SDSS
vey, i.e. the SEQUELS sample (orange histogram). [11/BOSS. Our visual inspection is based on SDSEBMSS
The main SDSS-IJBOSS quasar survey is designed to taspectroscopy only and thus, those spectra were re-clakaiie
get quasars in the redshift rangd2< z < 3.5 down tog = 22 Bad. Finally, one object, SDSS J015957+®03310.5, had its
orr = 21.85. Ther-band magnitude (corrected for Galactic exidentification changed and was reported to be a “changing-lo

tinction) distribution of those quasars is displayed in.Bldleft quasar’/(LaMassa et al. 2015; Merloni el al. 2015).

panel, bla_ck histogram). Each ancillary program has its @amn
get selection (see e-mﬁ). leading to aremety The DR7Q catalog contains 19132 quasars with 2.15.

heterogeneous sample whaséand PSF magnitude distribu-n principle, all of these objects should have been re-aleskr
tion is also shown in Fid.]5 (left panel, red histogram). bast py SDSS-IIJBOSS. However, 2265 DR7Q quasars lie out-
the SDSS-IV pilot survey (SEQUELS(%On uasars Wigfle of the SDSS-IJBOSS footprint and hence were not re-
0.9 <z<35downtog = 22 orr = 22 al. 2015). The targeted. The other 16 867 quasars have a SDIBABS spec-
r-band PSF magnitude distribution of the resulting sampliésis  trum. Since the systematic re-observation of DR7Q quasitins w
played in Fig[h (left panel, orange histogram). The righteda 1.8 < z < 2.15 started in Year 3, the completeness for those
of Fig.[d presents the luminosity-redshift plane for thethsub- gpjects is much lower, with a total of 5676 having a SDSS-

samples contributing to the present catalog: the SDSB@BS ||| /BOSS spectrum (out of 15432 DR7Q quasars in the same
main survey (black contours), quasars observed as part-of gfyishift range).

cillary programs (red points) and SEQUELS quasars (orange

points). The SDSS-DR7 quasars are plotted for referendeein t

same plane (blue contours). Typical quasar spectra arersimow4.3. Differences between the SDSS-DR10 and SDSS-DR12
Fig.[8. quasar catalogs

The previous SDSS quasar catalog (DR10Q;_Paris|&t al] 2014)
2 Quasars that have bits 10, 11, 40 or 41 seBfi§S_TARGET1 contained 166 583 quaiar_s, .166,,520 are included n the .[.)Rl.ZQ
8 Quasars that do not have bits 10, 11, 40 or 41 SeBG66_TARGET1 catalog. Among the 63 “missing” quasars, 60 were 'dentm_IEd !
and that hav&BOSS_ TARGET® == 0. the galaxy targets and are now part of the supplementafgést
4 Quasars that haVtBOSS_TARGET0>0 Section[6). As explained in Sectign B.2, we define our parent
5 [Fan et al.[(2001) reported a slightlyfigirent redshift for this quasar Sample based on quasar candidates from either the main SDSS-
(z=6.419) based on molecular ISM lines. The DR12Q redshiftlisgo 11I/BOSS survey or ancillary programs, and we also search for
based on the SDSS-IBOSS spectrum. serendipitous quasars among galaxy targets based on th® SDS
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Fig. 4. Left panel: Redshift distribution of the SDSS-DR12 (thick black histig), SDSS-DR10 (orange histogram) and SDSS-DR7 (blue
histogram) quasars over the redshift range &ight panel: Redshift distribution of the SDSS-DR12 quasars for the CGRifaple (dark blue
histogram), BONUS sample (light blue histogram), andgjilarograms (red histogram) and SEQUELS (orange histograh® bin size of all the
histograms if\z = 0.05. The two peaks a~ 0.8 andz ~ 1.6 seen in the redshift distribution of the SDSS-DR10 and SD&32 quasar samples
(left panel) and in the distribution of the CORE and BONUS ks (right panel) are due to known degeneracies in the gtasget selection
(see Ross et H1. 2012, for details).
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Fig. 5. Left panel: Distribution of r PSF magnitude (corrected for Galacticirotion) for the BOSS main sample (selected by the algosthm
described in[_Ross etlal. 2012, thick black histogram), Emyilprograms (red histogram) and SEQUELS (orange histogr@ihe bin size is

Ar = 0.02.Right panel: absolute magnitude-redshift plane for SDSS-DR12 COBBNUS quasars (black contours), quasars observed as part of
SDSS-DR12 ancillary programs (red points), SEQUELS queagaange points) and SDSS-DR7 quasars (blue contourspidwute magnitudes
assume i = 70 km s* Mpc! and the K-correction is given hy Richards €t al. (2006), wabrK (z = 2) = 0. Contours are drawn at constant
point density.

pipeline identification. The latter definition depends cn8DSS J013918.06224128.7) dropped out of the main catalog but is

pipeline version, leading to slight variations betweerepasam- part of the supplementary list. This quasar was re-obseaged

ples drawn for each data release. However, we keep trackmof fien emission line galaxy (ELG) candidate. The target saecti

identifications from previous pipeline versions and premiztem bits for the two spectra are inconsistent. The best specasim

in the supplementary list. identified by the SDSS pipeline, i.e. haviSBECPRIMARY = 1,
The identification of two objects reported as quasars iﬁ_assomated with the ELG target, but not with the quasagetar

DR10Q changed: one is now classifiecia_? and the second tis therefore not selected to be part of our parent sample.

one asBad. Those two objects are part of the DR12Q superset

with their new identification. Finally, one actual quasab&s
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Fig. 6. The spectrum of the highest redshift £ 6.440) quasar observed by BOSS is displayed in the top leftlpahis quasar was discovered
byl/Fan et al.[(2001). Typical spectra of SEQUELS quasarsrasepted at five dlierent redshiftsz ~ 1.2 (top right panel) and ~ 1.6 (middle left
panel). Typical BOSS quasars are shown at threrdint redshiftsz ~ 2.2 (middle right panel)z ~ 2.7 (bottom left panel) and ~ 3.5 (bottom
right panel). All the spectra are smoothed over 5 pixels.

4.4. Uniform sample (Z_PIPE), a refined PCA redshiftz_PCA) and three emission-
line based redshift&(CIV,Z_CIIT andZ_MGII).

As in DR9Q and DR10Q, we providewmiform flag (row #31

of Table[4) in order to identify a homogeneously selected-sam As described in Sectiofi 3.1, quasar redshifts provided by

ple of quasars. The CORE sample has been designed to ha{f?eaSDSS . ;

. X X pipeline_(Bolton etlal. 2012) are the result of aaline
yveII ur_1d_e_rstood_and reproduc_|ble selection function. HBUE o mhination of four eigenspectra. The latter were derivethf
its definition varied over the first year of the survey. Region, incinal component analysis (PCA) of a sample of quasars
of the sky within which all the algorithms used in the quasglith robust redshifts. Hence, this does not guarantee tilisev

target selection are uniform are called “Chunks”; their miefi to be the most accurate (e.g. Hewett & Wild 2010; Shen et al
tion is given :n@:‘%%gﬁerfhunk 85016). The SDSS pipeline has a very high success rate in terms
We_l_rﬁ S€ ecgg W'th t e.f Q_ 1tec nl@ﬂB’_ DRé of identification and redshift estimate, and in order to eotfor

). These objects haueiform = 1. Quasars in the Qthe remaining misidentifications and catastrophic redsaik
catalog withuniform = 2 are objects that would have been

o ) ~ures, we perform the systematic visual inspection of allsqua
selected by XDQSO if it had been the CORE algorithm prl%rgets. In case we modified the SDSS pipeline redshift, ithe v

to Chunk 12. Objects withini form = 2 are reasonably Com'@.{al inspection redshift provides a robust value, set tot iheea

plete to what XDQSO would have selected, even prior to ChUupi¢ iion of the maximum of the Mg emission line, when this
12. fDRl(ZjQ only COﬂt%InS mftz)rmalt;in abo:t spectroscopjica mission line is available in the spectrum. The estimatedi-ac
confirmed quasars and not aboutialigets. Hence, care must racy isAz = 0.003. This value corresponds to the limit below

be taken to draw a statistical sample from the uniform flag, . ;
. . ! X o ich we are no longer able to see anffelienceby eye.
See, e.g, the discussion regarding the creation of a statist 9 b y

sample for clustering measurement$ in White ét al. (2018) a We also p(ovide a homogeneous automated redshift estimate
15). Quasars withi form = 0 are not Z_PCA) that is based on the result of a PCA performed on

a sample of quasars with redshifts measured at the location
homogeneously selected CORE targets. of the maximum of the Mgr emission line (see_Paris et al.

[2012, for details). The Ma line is chosen as the reference
4.5. Accuracy of redshift estimates because this is the broad emission line the le&fgcted by

systematic shifts with respect to the systemic redshify.(e.
The present catalog contains sifdrent redshift estimates: theHewett & Wild [2010;/ Shen et al. 2016). In addition to this
visual inspection redshiftZ( VI), the SDSS pipeline redshift PCA redshift, we also provide the redshift correspondintheo
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position of the maximum of the three broad emission lines wesual inspection detection of BALs. A total of 29580 quasar
fit as part of this catalog: @11550, Cui] 11909 and M@i12800. have been flagged in the course of visual inspection.

In order to have a more systematic detection of BALs and
Hewett & Wild (2010) carefully studied the systematiguantitative measurement of their properties, we autaaldyi
emission-lines shifts in the DR6 quasar sample and compuatedsearch for BAL features and report metrics of common usesin th
curate quasar redshifts by correcting for these shifts.R12Q, community: the BALnicit‘ index iBIiAALe;Lma.nn_e_tJ&Lﬂgl) and

there are 5328 non-BAL quasars that have redshifts measutfeglabsorption index (Al;_Hall et &l. 2002) of thexCabsorption
by[Hewett & Wild (2010) available and for which we also hav&roughs. We restrict the automatic search to quasarszayiti >
Mg 1 redshifts that are expected to be the closest estimateslfo/ in order to have the full spectral coverage a¥@bsorption
the quasar systemic redshift. Mebased redshifts are redshiftedroughs.
by 3.3 kms?! compared to the Hewett & Wild (2010) measureThe BALnicity index (Col. #57) is computed bluewards of the
ments, with a dispersion of 326 km's This confirms that Mgt C 1v emission line and is defined as:
redshifts provide a reliable and accurate measurement. 3000 f (V)
80791 have the six redshift measurements provided in d8ir = —f [1 - W] C(v)av, (1)
catalog available. We compute the redshiffetience, expressed 25000 :
as velocities, forz_VI, Z_MGII, Z_PIPE, Z_CIV andZ_CIII wheref (v)isthe normalized flux density as a function of veloc-
with respect toZ_PCA. We take the latter as our referencdy displacement from the emission-line center. The quesar
because this measurement is uniformally run over the entireuum is estimated using a linear combination of four ppat
DR12Q sample. The distributions of redshiftfdiences are components as described in Paris étlal. (P0CZY) is initially
shown in Fig.[V. Mgu-based redshifts are redshifted by 2.%et to 0 and can take only two values, 1 or 0. It is set to 1 when-
kms compared to the PCA redshifts with a dispersion of 68&ver the quantity + f (v) /0.9 is continuously positive over an
kms™. In average, visual inspection redshifts are blueshifted interval of at least 2000 knTs. It is reset to O whenever this
15.3 km s with respect to the PCA redshifts with a dispersioguantity becomes negative.1€ absorption troughs wider than
of 529 kms?. The SDSS pipeline estimates are redshifted 3000 km s? are detected in the spectra of 16 442 quasars. The
42.7 km st with a dispersion of 637 knT$. Finally, as expected, number of lines of sight in whicBI_CIV is positive is lower
C v and Cmi] redshifts are the most shifted with respect to thiéman the number of visually flagged BAL for several reasoi)s: (
PCA redshifts with an average blueshift of 321 krhand 312 the visual inspection provides a qualitative flag for abtorp
km s respectively. troughs that do not necessarily meet the requirements ddfine
Eq.[d, (ii) the visual inspection is not restricted to anyreba
‘ ‘ ‘ ‘ ‘ window, and (iii) the visual inspection flags rely on absampt
troughs due to other species in addition tor@especially Mg).
el _The dis_tribution of BI f_or Civ trough_s from DR12Q is plotted
S PIPE i in the right panel of Figl18 (black histogram) and is compared
 ew to previous works by Gibson etlal. (2009, blue histogram) per
S 1 formed on DR5Q[(Schneider etlal. 2007) and[by E(% en ét al.
(2011, red histogram) who searched for BAL quasars in quasar
spectra released as part of SDSS-DR6 (Adelman-M rthy et a
Z%ﬁﬁ). The three distributions are normalized.
The overall shapes of the three distributions are similae T
2000 7 BI distribution from Gibson et al[ (2009) exhibits an exce$s
I ! ] low-BI values compared to_Allen etlal. (2011) and this work.
! The most likely explanation is thefiérence in the quasar emis-
r ’ iy sion modelingl_Allen et al. (2011) used a non-negative matri
I fﬁ | factorization (NMF) to estimate the unabsorbed flux, which
Mo produces a quasar emission line shape akin to the one weobtai
e with PCA.[Gibson et al/ (2009) modeled the quasar continuum
with a reddened power-law and strong emission lines witlgoi
profiles. Power-law like continua tend to underestimate the
Fig. 7. Distribution of velocity diferences between the visual inspecactual quasar emission and hence, the resulting Bl valunes te
tion redshift ¢_VI, black histogram), Mgr-based redshiftZ MGII, to be lower than the one computed when the quasar emission is
red histogram), SDSS pipeline redshift (Bolton et al. 20bRje his- modeled with NMF or PCA methods.
togram), Giv-based redshift_CIV, green histogram), @j]-based red-

shift (Z_CIIT, cyan histogram) and the PCA redshit ¢CA). The bin For weaker absorption troughs, we compute the absorption
size of all the histograms isv = 50 kms*. index (Col. #59) as defined m al. (2002):

_ _fv
Al = j;ooo[l 0.9 C(v) dv, (2)

) ) , . wheref (V) is the normalized continuum ai@l(v) has the same
As described in_Paris etal. (2012), quasars displayingbaba. definition as in EqLIL except that the threshold toGeb 1 is

sorption lines (BAL) are flagged in the course of the visual ieduced to 450 knTs$. Following Trump et dl [(2006), we calcu-
spection of all the quasar targets. This flagl(_FLAG_VI, Col. |gte the reduceg? for each trough, i.e. whel@ = 1:
#56 of Table_#t) provides qualitative information about ttxe e

istence of such featuremly. We refer the reader to Sec. 5 of , 3 1(1-1() 2 3
[Paris et dl.[(2012) for a full discussion of the robustnesthef Xtrough = Z ’ ®)

— Z-VI

4000

Number of quasars

-2000 -1000 0 1000 2000
AV(Zx—2Zpca) (km/s)

4.6. Broad Absorption Line quasars

N

(o
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where N is the number of pixels in the trough(v) is the nor- (u- g) > 0.4. This additional color cut is set to avoid contami-
malized flux andr the estimated rms noise for each pixel. Thaeation by low-redshift quasars.

greater the value tzrough, the more likely the trough is notdue A total of 10221 quasars have FIRST counterparts in
to noise. Following the recommendation$ of Trump é{al. €00 DR12Q. We estimate the fraction of chance superpositiorfiey o
we report Als when at least one € absorption trough is de- setting the declination of DR12Q quasars by 200/e then re-
tected Withthrough > 10. A total of 48863 quasars satisfy thignatch to the FIRST source catalog. We conclude that there are

definition. The distribution of Al With\/tzrough > 10 is shown in about 0.2% of false positives in the DR12Q-FIRST matching.

the left panel of Fig[I8 (black histogram) and is compared to
the results of Trump et al. (2006, magenta histogram). Bisth d4.7.2. The Galaxy Evolution Explorer (GALEX)

tributions are normalized to have a surface area equal to 1 fo . .
log Al > 2.5. The distributions are similar. The mairfigrence AS for DR10Q, GALEX (Martin et al. 2005) images are force-
between the two distributions is the existence of a tailatdo Photometered (from GALEX Data Release 5) at the SDSS-DR8

in DR120Q. This is due to the modified definition for Al used ige”tmidsmaﬁ—el—“loﬁl)i such that loyNSpoint-spread

. ; ion fluxes of objects not detected by GALEX are recov-
Trump et al. [(2006): the 0.9 factor in EG. 2 was removed ahdhction | y

the detection threshold was larger (1000 khisstead of 450 €red, for both the FUV (1350-1750 A) and NUV (1750-2750
kms here). A) bands when available. A total of 197 781 quasars are detect

We also report the number of troughs detected with widtifs the NUV band, 158474 in the FUV band and 129090 have

larger than 2000 km$ (Col. #62 in Tablé) and larger than"On-2ero fluxes in both bands.

450 kms?! (Col. #65) together with the velocity ranges over

whic?_ thlese troughs are detected (Cols. #63-64 and #66267.4.7.3. The Two Micron All Sky Survey (2MASS)
spectively).

g BAL i}r?formation reported in the DR12Q catalog is comYVe cross-correlate DR12Q with the All-Sky Data Release foin
puted over all the absorption troughs that are detected edery Source catalog_(Skrutskie et/ al. 2006) using a matchingigadi
out of 29580 quasars witBAL_FLAG_VI = 1, i.e. flagged dur- of 2”. We report the Vega-based magnitudes in the J, H and K-
ing the visual inspection process, 16693 have more than dtds and their error together with the signal-to-noisie rait
absorption trough larger than 450 km sletected in the spec-the detections. We also provide the value of the 2MASS flag
trum (out of 21 444 with A+0), and 2564 with more than oneld_flg[1], which defines the peculiar values of the magnitaie
absorption trough larger than 2 000 km gout of 15044 with its error for each baiid
BI>0). We provide detailed “trough-by-trough” informatiorrfo ~ There are 471 matches in the catalog. This number is quite
all BAL_FLAG_VI = 1 quasars in a separate file whose format &nall compared with the number of DR12Q quasars because the
described in TablE]3. For each detected absorption trough, $¢nsitivity of ZMASS is much less than that of SDSS. Applying
measure the velocity range in which the normalized flux dethe same method as described in Sedfion #.7.1, we estinzte th
sityf is measured to be lower than 0.9, given the position of 8% of the matches are false positives.
minimum and the value of the normalized flux density at this

location. 4.7.4. The Wide-Field Infrared Survey (WISE)
. . Previous SDSS-IIBOSS quasar catalogs_(Paris_ef [al. 2012,
4.7. Multi-wavelength cross-correlation [2014) were matched to the WISE All-Sky Source cafdlog

We provide multi-wavelength matching of DR12Q quasars #¥Vright et al.| 2010). For this version of the quasar catalog,
several surveys: the FIRST radio survey (Becker kt al.]1986) matched the DR12Q to the newly released AlIWISE Source Cat-
Galaxy Evolution Explorer (GALEX, Martin et 4. 2005) supve alod] (Wright et al( 2010; Mainzer et al. 2011) that has enhanced
in the UV, the Two Micron All Sky Survey (2M Asmﬁ;.photpmetnc sensitivity and accuracy, and improved asttoio
[2003{Skrutskie et 4l. 2006), the UKIRT Infrared Deep Sky-Suprecision. Our procedure is the same as in DR9Q and DR10Q,
vey (UKIDSS;Lawrence et al. 2007), the Wide-Field Infrare®ith @ matching radius of 2'0which provides a low level of
Survey (WISE ' 0), the ROSAT All-Sky Surve Ise positive matches (see e.g. Fig. 4 of Krawczyk gt al3201
(RASS;IM%%E%%%%), and the fourth data reletiselere are 190408 matches from the AIIWISE Source Catalog.
the Third XMM-Newton Serendipitous Source Catalog (WatsdrP!lowing the procedure described in Secfion4.7.1, wereds
etal[200D). the rate of false positive matches to be about 2%.
We report the magnitudes, their associated errors, the S

of the detection and reducgd of the profile-fitting in the four
4.7.1. FIRST WISE bands centered at wavelengths of 3.4, 4.6, 12 and22
These magnitudes are in the Vega system, and are measuined wit

As for the previous SDSS-JBOSS quasar catalogs, we file-fitting photometry. We also report the WISE catalog-c

.
rznoaltzheéj thke rDRllelquug)sS;?nto ;h;;?éi?:] Flric?izsa:}vﬂorg (gﬂrﬁfg ination and confusion flage_flags, and their photometric
' : g 9 : P quality flag,ph_qual. As suggested on the WISE “Cautionary

the flux peak density at 20 cm and the signal-to-noise ratibef tes" pa we recommend usina onlv those matches with

detection. Among the DR12Q quasars, 29671 lie outside of tNg 1 P —“6000" lude obi 9 h Y fl d :

FIRST footprint and have theRIRST_MATCHED flag set to -1. cc-tlags= 1o exclude objects that are flagged as spuri-
The SDSS-IIBOSS quasar target selection (Ross €t af. see hitpywww.ipac.caltech.ed@masgreleasesllsky/dogexplsup.html

[2012) automatically includes matches to the FIRST souroes f for more details

a previous (July 2008) version of the FIRST catalog that havé httpy/wise2.ipac.caltech.edipcgreleasgallsky/

9 httpy/wise2.ipac.caltech.eghibcgreleasgallwiseg/

6 The normalized flux density is defined Bsys/Foso WhereFqps is 10 httpy/wise2.ipac.caltech.egdipcgreleasgallsky/expsupsecl_4b.html

the observed flux density arithso is the modeled quasar emission.  #unreliab
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Fig. 8. Left panel: Distribution of Al for the SDSS-DR3 (magenta histogralm; et al[ 2006) and the SDSS-DR12 (black histogram) quasars.
Both distributions are normalized to have a surface arealegqul for log Al > 2.5. Right panel: Distribution of Bl from the DR12Q catalog
(black histogram), from the SDSS-DR6 (red histogram;_A#eal/20111) and from the SDSS-DRS5 (blue histogram;_Gibsaf @009). All the
distributions are normalized to have their sum equal to 1.

ous detections of image artifacts in any band. Full detditsud detections are included in our catalog: when the qualitedet
guantities provided in the AlIWISE Source Catalog can bentbu tion is flagged as potentially problematic, we do not incltttke

on their online documentatiBh match. A total of 1463 quasars are detected in one of the RASS
catalogs. As for the cross-correlations described abogessti-
mate that 2.1% of the RASS-DR12Q matches are due to chance
4.7.5. UKIDSS superposition.

As for DR10Q, near infrared images from the UKIRT Infrared
Deep Sky Survey (UKIDSS|_Lawrence et lal. 2007) are force-
photometered at the SDSS-DR8 centroids (Aiharalet al]20114-7-7- XMM-Newton

We provide the fluxes and their associated errors, expressed )
inW m2HzL inthe Y, J, Hand K bands. The conversion to thPR12Q was cross-correlated with the fourth data releaskeof t

Vega magnitudes, as Used in 2MASS, is given by the formula; Nird XMM-Newton Serendipitous Source Catdldg3XMM-
DR4) using a standard B’natching radius. The 3XMM-DR4

fx catalog benefits from an increase of the number of public ob-
servations leading to an increase ©40% of the number of
unique sources. Furthermore, significant improvementsef t
where X denotes the filter and the zero-point valdgs are XMM-Newton science analysis software and calibrationwallo
2026, 1530, 1019 and 631 for the Y, J, H and K bands respéee detection of fainter sources. Thanks to these changégin
tively. XMM-Newton Serendipitous Source Catalog, the overall num-
A total of 78 783 quasars are detected in at least one of #F of matches increased b%0%. For each of the 5354 DR12Q
four bands Y, J, H or K. 78079 objects are detected in the Gdasars with XMM-Newton counterparts, we report the total
band, 77761 in the J band, 77726 in H band, 78179 in thefldx (0.2-12 keV), and associated error, from the three XMM-
band and 75 987 objects have non-zero fluxes in the four barfdgwton CCDs (MOS1, MOS2, PN). In the case of multiple
Objects with zero fluxes lie outside the UKIDSS footprinteThXMM-Newton observations, the one with the longest exposure
UKIDSS limiting magnitude is K~ 18 (for the Large Area Sur- time was used to compute the total flux. We also report the soft
vey) while the 2MASS limiting magnitude in the same ban(-2-2 keV), hard (4.5-12 keV) and total (0.2-12 keV) fluxes,
is ~ 153. This diference in depth between the two surveydnd associated errors, that were computed as the weighted av

explains the large dlierence in the numbers of matches witl§rage of all the detections in the three cameras. Correspgnd
DR12Q. observed X-ray luminosities are computed in each band and ar

not absorption corrected. All fluxes and errors are exptesse
erg cnt? st and luminosities are computed using the visual in-
spection redshiftA_vI). Finally, in the case of no detection or
edetection with significant errors (less thaor tletections), we
9vide an upper limit for the flux in the hard band (2-10 keV).
Lich sources have the flag2_10_UPPER set to -1.

magk = -25x% |Og fOXX—lO_26’

4.7.6. ROSAT all sky survey

As we did for the previous SDSS-IBOSS quasar catalogs, w
matched the DR12Q quasars to the ROSAT all sky survey F

(Voges et all 2000) and Bright (Voges et lal. 1999) source ¢

alogues with a matching radius of ’300nly the most reliable

12 httpy/xmmssc-www.star.le.ac.fRatalogugxcat_public_3XMM-
DR4.html

11 httpy/wise2.ipac.caltech.eghliocgreleasgallsky/expsup
sec2_2a.html
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Column Name Format Description

1 SDSS_NAME STRING SDSS-DR12 designation hhmmssldemss.s (J2000)

2 RA DOUBLE Right Ascension in decimal degrees (J2000)

3 DEC DOUBLE Declination in decimal degrees (J2000)

4 THING_ID INT32 Thing_ID (unique SDSS source identifier)

5 PLATE INT32 Spectroscopic Plate number

6 MJD INT32 Spectroscopic MJD

7 FIBERID INT32 Spectroscopic Fiber number

8 Z_ VI DOUBLE Redshift from visual inspection

9 Z_PIPE DOUBLE Redshift from BOSS pipeline

10 ERR_ZPIPE DOUBLE Error on BOSS pipeline redshift

11 ZWARNING INT32 ZWARNING flag

12 Z_PCA DOUBLE PCA redshift

13 ERR_ZPCA DOUBLE Error on PCA redshift

14 SDSS_MORPHO INT32 SDSS morphology flag Point source k= extended

15 BOSS_TARGET1 INT64 BOSS target flag for main survey

16 ANCILLARY_TARGET1 INT64 BOSS target flag for ancillary ggrams

17 ANCILLARY_TARGET?2 INT64 BOSS target flag for ancillary ggrams

18 EBOSS TARGETO INT64 Target selection flag for eBOSS pilotey

19 PSFFLUX FLOAT[5] flux in theu,g,r,l andz-bands (not corrected for Galactic extinction)

20 IVAR_PSFLUX FLOAT[5] inverse variance afg,r,i andzfluxes

21 PSFMAG FLOAT[5] PSF magnitudes ing,r,i andz-bands (not corrected for Galactic
extinction)

22 ERR_PSFMAG FLOAT[5] error imi,g,r,i andz PSF magnitudes

23 GAL_EXT FLOAT[5] Galactic extinction in the 5 SDSS ban@i®(n Schlegel et al. 1998)

24 SNR_SPEC FLOAT Median signal-to-noise ratio per pixarate whole spectrum

25 SNR_1700 FLOAT Median signal-to-noise ratio per pixetha window 1 650 - 1 750A
(rest frame)

26 SNR_3000 FLOAT Median signal-to-noise ratio per pixehia window 2 950 - 3 050A
(rest frame)

27 BI_CIV DOUBLE Balnicity Index (BI)

28 ERR_BI_CIV DOUBLE Error on Balnicity index

29 NCIV_2000 INT32 Number of troughs wider than 2 000 krh s

30 VMIN_CIV_2000 DOUBLE[5] Minimum velocity of each detesd absorption trough (Col. #29)

31 VMAX_CIV_2000 DOUBLE[5] Maximum velocity of each detext absorption trough (Col. #29)

32 POSMIN_CIV_2000 DOUBLE[5] Position of the minimum of éeabsorption trough

33 FMIN_CIV_2000 DOUBLE[5] Normalized flux density at themtnum of each absorption trough

34 Al_CIV DOUBLE Absorption index (Al)

35 ERR_AI_CIV DOUBLE Error on absorption index

36 NCIV_450 INT32 Number of absorption trough wider than 4&0s*

37 VMIN_CIV_450 DOUBLE[17] Minimum velocity of each detesl absorption trough (Col. #36)

38 VMAX_CIV_450 DOUBLE[17] Maximum velocity of each detext absorption trough (Col. #36)

39 POSMIN_CIV_450 DOUBLE[17] Position of the minimum of éagbsorption trough

40 FMIN_CIV_450 DOUBLE[17] Normalized flux density at the mrnum of each absorption trough

Table 3. Format of the binary FITS file that contains “trough-by-tgbt information for BAL quasars.

4.8. Variability of Am values, the model predicts an evolution of the variance

o (Am) with time according to

Photometric variability has proven to be affi@ent method to 12
distinguish quasars from stars even in redshlft rangesmﬂrerr [A(Ati j) ] + ((Tiz + 0,2), (6)
colors overlap (e.o

ters et all_ 2015). The varlablhty of astronom|cal sourcas be whereo; and o are the photometric errors at tinteand t;.
characterized by their “structure function” that is a meament Quasars are expected to lie at higrandy, non-variable stars

of the amplitude of the observed variability as a functiorth& to lie nearA = y = 0 and variable stars to haye~ 0 even
time delay between two observations (e.9._Schmidtlet al0R01if A can be large. In addition, variable sources are expected to
This function is modeled as a power-law parametrized in serrdieviate greatly in @ sense from a model with constant flux.

of A, the mean amplitude of the variation on a one-year timescale

(in the observer’s reference frame) apdhe logarithmic slope DR12Q quasars lying in the Stripe 82 region, i.e. with3Q0

of the variation amplitude with respect to time. Witim;; de- aj2000 < 360 or 0° < @j2000 < 50° and -1.25° < §32000 <
fined as the dference between the magnitudes of the source+al.25°, have typically 60 epochs of imaging reported in DR9
timet; andt;, and assuming an underlying Gaussian distributidAhn_et al. ). In the rest of the SDSSHBDSS footprint,

o (Am) =

Article number, page 12 625



Isabelle Péaris et al.: The Sloan Digital Sky Survey QuasaalGg: twelfth data release

photometric data from SDSS-DRD (Ahn et lal. 2012) and tHet. Estimator of the PCA continuum quality (between 0 and 1)
Palomar Transient Factory (PTF; _Rau_ et/al. 2009; Law &t ak given in Eq. 11 of Paris etldl. (2011).
[2009) were combined to construct light curves, providing be5-17. Redshifts measured from thevCthe Cmi] complex and
tween 3 and 10 epochs. A “PTF epoch” in this context actuallje Mgu emission lines from a linear combination of five prin-
corresponds to coadded imaging data from a few tens of singl#al components (seé_Paris et(al. 2012). The line redshift i
epoch PTF images, up to a thousand in the case of some &stimated using the position of the maximum of each emission
quently observed PTF fields. The duration of one “PTF epoclifie, contrary taZz_PCA (column #12) which is a global estimate
ranges from several months to one year. Combined#SIFSS  using all the information available in a given spectrum.
light curves, and the variability related observables, @g- 18. Morphological information: objects classified as
sistently measured in the PTF R-band filter, which is related point source by the SDSS photometric pipeline
to SDSS photometric system B ~ r + a(r —i) with @ = have SDSS_MORPHO = 0 while extended quasars have
0.20- 0.22 (Ofek et al 2). SDSS_MORPHO = 1. The vast majority of the quasars in-
As part of DR12Q, we provide the structure function pasjuded in the present catalog are unresol&&s$§_MORPHO = 0)
rametersA (VAR_A) andy (VAR_GAMMA) as defined in EQ.5 for as this is a requirement of the main quasar target seled@oss(
each object with variability data. We also give the redugéd et a|_m|2)_
(VAR_CHI2) when each light curve is fitted with a constant, i.e39-22. The main target selection information is trackedhwie
when no variability is assumed. The value of #R_MATCHED ppss_TARGET1 flag bits (19; see Table 2 in_Ross elal. 2012, for
flag is the number of photometric epochs used to estimate || description). Ancillary program target selectiortriacked
quasar variability. A total of 143359 quasars have vargbil \yith the ANCILLARY_TARGET1 (20) andANCILLARY_TARGET?2
data available. When no variability information is avalelthis  (21) flag bits. The bit values and the corresponding program
flag is setto 0. names are listed [n Dawson ef al. (2013), Alam éfal. (201%), a
Appendix B of this paper. The SEQUELS program targeted dif-
- ferent classes of objects (quasars, LRG, galaxy clustélighe
5. Description of the DR12Q catalog SEQUELS targets are identified by thiRCTLLARY_TARGET2 bit
The DR12Q catalog is available as a binary FITS table fileat th3, and the details of each target class is provided throlugh t
SDSS public websit§. All the required documentation (format,EBOSS_TARGET® flag (Col. #22; see Table A.1).
name, unit of each column) is provided in the FITS header, a@8-26. If a quasar in DR12Q was observed more than

it is also summarized in Tablé 4. once during the survey, the number of additional SDSS-
[11/BOSS spectra is given YySPEC_BOSS (Col. #23). The as-
Notes on the catalog columns: sociated plate RLATE_DUPLICATE), MJD (MJD_DUPLICATE)

1. The DR12 object designation, given by the formaind fiber FIBERID_DUPLICATE) numbers are given in Col.

SDSS Jhhmmss.sddmmss.s; only the final 18 characters aré24, 25 and 26 respectively. If a quasar was observed
listed in the catalog (i.e., the character string "SDSS J" I times in total, the best spectrum is identified in Col.
dropped). The coordinates in the object name follow IAU coff2-7. the correspondingSPEC_BOSS is N-1, and the first
vention and are truncated, not rounded. N-1 columns of PLATE_DUPLICATE, MJD_DUPLICATE and

2-3. The J2000 coordinates (Right Ascension and Declinptid IBERID_DUPLICATE are filled with relevant information. Re-

in decimal degrees. The astrometry is from SDSS-DR12 (AldR@ining columns are set to -1.

etal.201b). 27. A quasar previously known from the SDSS-DR7 quasar cat-
4. The 64-bit integer that uniquely describes the objecss tilog has an entry equal to 1, and 0 otherwise. During Year 1 and
are listed in the SDSS (photometric and spectroscopic)agata 2, Most SDSS-DR7 quasars witlx 2.15 were re-observed. Af-
(THING_ID). ter Year 2, SDSS-DR7 quasars witkx 1.8 were systematically
5-7. Information about the spectroscopic observation ¢8pe re-observed.

scopic plate number, Modified Julian Date, and spectroscogB-30. Spectroscopic plate number, Modified Julian Date, an
fiber number) used to determine the characteristics of the-spspectroscopic fiber number in SDSS-DR7.

trum. These three numbers are unique for each spectrum, 8tdiniform flag. See Sectidn4.4.

can be used to retrieve the digital spectra from the publi8SD32. Spectral indexy,. The continuum is approximated by a
database. When an object has been observed more than ome®er-law, fooy o« v*, and is computed in emission line free

we selected the best quality spectrum as defined by the SO§ons: 1 450-1500 A, 1700-1850 A and 1950-2 750A in the

pipeline IBQ'[QH et al. 2012), i.e. WittPECPRIMARY = 1. quasar rest frame.

8. Redshift from the visual inspection, VI. 33. Median signal-to-noise ratio per pixel computed over th
9. Redshift from the BOSS pipeline (Bolton etal. 2012). whole spectrum for the best spectrum as defined by the SDSS
10. Error on the BOSS pipeline redshift estimate. pipeline, i.e., with SPECPRIMARY: 1 (Bolton et all 2012).

11. ZWARNING flag from the pipeline. ZWARNING 0 indi- 34 \jedian signal-to-noise ratio per pixel computed over th

uncertain results in the redshift-fitting cdde (Bokbal. \yhole spectrum of quasars observed multiple times. If tiere
012). . . . . ) ... nomultiple spectroscopic observation available, thé¢&lue is
12. Automatic redshift estimate using a linear combinatibn ¢qtto_1.

four principal components (see Section 4 37. Medi . . . :
. X ; -37. Median signal-to-noise ratio per pixel computed ok
for details). When the velocity fierence between the auto- 9 perp P e

. : . . : . , indows 1 650-1 750 A (Col. #35), 2 950-3050 A (Col. #36) and
matic PCA and visual inspection redshift estimates is liattggn win . '
5000 km S, this PCA redshift is set to 1. 2950-3050 A (Col. #37) in the quasar rest frame. If the wave-

13. Error on the automatic PCA redshift estimate. If the PC'/Rngth range is not covered by the BOSS spectrum, the value is

e . . set to—-1.
redshift is set te-1, the associated error is also set-th .
38-41. FWHM (kms?), blue and red half widths at half-
13 www.sdss.orgglr12algorithmgboss-dri12-quasar-catalog maximum (HWHM; the sum of the latter two equals FWHM),
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and amplitude gin units of the median rms pixel noise, see S&8-76. Additional SDSS processing information: the phabtm
tion 4 of [. 2012) of the @ emission line. If the emis- ric processing rerun numbeRERUN_NUMBER); the camera col-
sion line is not in the spectrum, the red and blue HWHM and thienn (1-6) containing the image of the obje@{_NUMBER), the
FWHM are set to -1. field number of the run containing the objeEfELD_NUMBER),
42-43. Rest frame equivalent width and corresponding uncend the object identification numbe®BJ_ID, see Stoughton
tainty in A of the Civ emission line. If the emission line is notet al.. 2002, for descriptions of these parameters).

in the spectrum, these quantities are set to -1. 77-78. DR12 PSF fluxes, expressed in nanomaggiaesd in-
44-47. Same as 38-41 for then@ emission complex. It is well verse variances (not corrected for Galactic extinctiorhefive
known that Cm] 111909 is blended with Sii]111892 and to a SDSS filters.
lesser extent with Alu]111857. We do not attempt to deblend’9-80. DR12 PSF AB magnitudes (Oke & Gilnn 1983) and er-
these lines. Therefore the redshift and red side of the HWHMrs (not corrected for Galactic extinction) in the five SD$S
derived for this blend correspond ton@.111909. The blue side ters [Lupton et al. 1999). These magnitudes are Asinh magni-
of the HWHM is obviously &ected by the blend. tudes as defined In Lupton ef al. (1999).

48-49. Rest frame equivalent width and corresponding unc8i. DR8 PSF fluxes (not corrected for Galactic extinctior), e
tainty in A of the Cm] emission complex. pressed in nanommagies, in the five SDSS filters. This photom-

50-53. Same as 38-41 for the Mgmission line. etr& is the one that was used for the main quasar target gelect
54-55. Rest frame equivalent width and corresponding unc (2012).

tainty in A of the Mgu emission line. We do not correct for82: The absolute magnitude in thd_e)and az = 2 calculated
the neighboring Fe emission. using a power-law (frequency) continuum index-@5. The K-

Note that[Albareti et al. [(2015) released the output %rrectionis computgd using Table 4 from Richards Ielt_apﬁzo

A emission. - e use the SDSS primary photometry to compute this value.
[O m]14960,5008A emission-line fitting for a subset of th%3 TheA(g — i) color, which is the dference in the Galactic
present catalog. X 9 ’

56. BAL flag from the visual inspectiorBAL_FLAG_VT. If a extinction correctedd — i) for the quasar and that of the mean

: e . . f the quasars at that redshift .A{g — i) is not defined for the

BAL feature was identified in the course of the visual mspeg— : . / .

tion, BAL_FLAG_VIis setto 1, the flag is set to O otherwise. BA uasa, wh|ch oceurs f?r Obje.f:ts at eitzer 012 orz> 5.12;
e column will contain “~9999".

uasars are flagged during the visual inspection at any ifeds : S .
gnd whenever ggBAL featl?re is seen in trﬁ)e spectrum {not ofd: Galactic extinction in the five SDSS bands based on themap

for C 1v absorption troughs). of Schlegel et a1.[(1998). The quasar target selection wag do

58, L : 19 using thes_e maps. _
'ﬁ?)usgyzshsl,aglr]néc':;]yeilrngﬁ)(;rg,?)Iexp\?éssrgd ?r? krh §Iee1 d%%i)nift?orn]ﬁ;:n 85. _GalaqncWSDSSbandsbased on Sghlafl
Section 4.6. The Balnicity index is measured for quasarh wit kabemer@). i
z > 1.57 only, so that the trough enters into the BOSS Wa\égi%/-;ng(g)gtiréﬂ:meogtfhgighil?gtlfhgeglargégryd{?]gig ‘i/?;lltrg;“'sveere
length region. If the BAL flag from the visual inspection ig se>'*. = ; y
to 1gand ?he Bl is equal to (? this means either t%at there is gtimated via interpolation of the 21-cm data from Starklkt a
C v trough (but a trough is seen in another transition) or that t ), using the COLDEN software provided by eandra
trough seen during the visual inspection does not meet the f§-ray Center. Errors associated with tf(\)e mEgrpolatlon axe
mal requirement of the BAL definition. In cases with poor fiis tPected to be typically less than 1 x 10%° cm? (e.g., see 85
the continuum, the balnicity index and its error are setlo of Elvis et al 3 ) ) ) ) S
59-60. Absorption index, and its error, fonCtroughs expressed 87. Flag for varlablll_ty information. If no information isvail- _
in km L. See definition in Section4.6. In cases with a podP!e; VAR_MATCHED is set to 0. When enough photometric
continuum fit, the absorption index and its error are setlo ?optc;]CehrS] L?r;ebz\;a:)lll‘e;)bf:gttgn?gt”r?cae L;%Tr?gz{sﬁjjlfgrcgﬁlz ggﬂ do
61. Following Trump et al| (2006), we calculate the redugéd . ' B
which we Ca"throu for each Gv terugh from EQLB. We recﬁfre jects QEBOSS_TARGE_T@, bit 11),.both PTE and SDS_S photometry

9 : were used. For objects lying in the stripe 82 region, only SDS
that troughs hav)gtrough > 10 to be considered as true troughs. photometry was used.
62. Number of Gv troughs of width larger than 2000 km's ~ 88. Light curves were fit by a constant flux (see Sec. 2.3 in
63-64. Limits of the velocity range in which & troughs of [Palanque-Delabrouille etlal. 2011). The redugédf this fit is
width larger than 2000 km$ and reaching at least 10% be{provided inVAR_CHI2.
low the continuum are to be found. Velocities are positiveebl 89-90. The best fit values of the structure function pararadte
wards and the zero of the scale igaVI. So if there are multiple andy, as defined in Eq.]5, are reported in Col. 8aK_A) and
troughs, this value demarcates the range from the first ttatite 90 (VAR_GAMMA), respectively.

trough. 91. The logarithm of the vignetting-corrected count rateofpns

65. Number of troughs of width larger than 450 km.s s1) in the broad energy band (0.1-2.4 keV) from ROSAT
66-67. Same as 63-64 for @ troughs of width larger than All-Sky Survey Faint Source Catalog (Voges etlal. 2000) and
450 km s?. the ROSAT All-Sky Survey Bright Source Catalo al.

68-70. Rest frame equivalent width in A of §{ C1v and Alm [1999). The matching radius was set td'38ee Section 4.7.6).
troughs detected in BAL quasars wih_CIV> 500 km s®and 92. The $N of the ROSAT measurement.

SNR_1700 > 5 (see Col. #35). They are set to 0 otherwise or @3. Angular separation between the SDSS BOSAT All-Sky
cases where no trough is detected and1df the continuum is Survey locations (in arcseconds).

not reliable. 94. Number of XMM-Newton matches in & $adius around the
71-72. The SDSS Imaging Run numbBUY_NUMBER) and the SDSS-DR12 quasar positions.

Modified Julian Date (MJD) of the photometric observatioadis
in the catalog¥HOTO_MID). 14 See httpgiwww.sdss3.orgir§/algorithmgmagnitudes.php#nmgy
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95-96. Total X-ray flux (0.2-12 keV) from the threel22-125. Same as 114-117 for tKeband.

XMM-Newton CCDs (MOS1, MOS2 and PN), expressed ii26. Angular separation between the SDSS-DR12 and 2MASS
erg cnt? s71, and its error. In the case of multiple XMM-Newtonpositions (in arcsec).

observations, only the longest exposure was used to cortiputel27-128. Thewl magnitude and error from the Wide-field In-
reported flux. frared Survey Explorer (WISE; Wright etlal. 2010) AlIWISE
97-98. Soft X-ray flux (0.2-2 keV) from XMM-Newton match-Data Release Point Source Catalog using a matching radius of
ing, expressed in erg crtAs™t, and its error. In the case of mul-2”.

tiple observations, the values reported here are the wasight- 129-130 Signal-to-noise ratio and in the WISEw1 band.

erage of all the XMM-Newton detections in this band. 131-134. Same as 127-130 for th2-band.

99-100. Hard X-ray flux (4.5-12 keV) from XMM-Newton135-138. Same as 127-130 for th@-band.

matching, expressed in erg cfrs ™1, and its error. In the case 0f139-142. Same as 127-130 for thvé-band.

multiple observations, the values reported here are thghteil 143. WISE contamination and confusion flag.

average of all the XMM-Newton detections in this band. 144. WISE photometric quality flag.

101-102 Total X-ray flux (0.2-12 keV) from XMM-Newton 145. Angular separation between SDSS-DR12 and WISE posi-
matching, expressed in erg cAs !, and its error. In the casetions (in arcsec).

of multiple observations, the values reported here are thé6. If a SDSS-DR12 quasar matches UKIDSS aperture-
weighted average of all the XMM-Newton detections in thighotometering dataJkIDSS_MATCHED is set to 1, it is set to O
band. For single observations, the total X-ray flux repoited if not.

Col. 101 FLUX02_12KEV) is equal to the one reported in Col147-154. Flux density and error from UKIDSS, aperture-
95 (FLUX02_12KEV_SGL). photometered from the original UKIDSS images in the four
103. Total X-ray luminosity (0.2—12 keV) derived from thexflu bands Y (Col. #147-148), J (Col. #149-150), H (Col. #151)152
computed in Col. #95, expressed in erd.sThis value is com- and K (Col. #153-154). The fluxes and errors are expressed in
puted using the visual inspection redshift {I) and is not ab- W m=2Hz .

sorption corrected. 155. If there is a source in the FIRST radio catalog (ver-

104. X-ray luminosity in the 0.5-2 keV band ofSion March 2014) within 20 of the quasar position, the
XMM_Newton' expressed in ergé This value is FIRST_MATCHED ﬂag prOVided in this column is set to 1, 0 if
computed using the visual inspection redshifz_yI), not. If the quasar lies outside of the FIRST footprint, ités ®©

Ho = 70 kms*Mpct, O, =03, Qy =0.7 and is not ab- -1. _ _ _
sorption corrected. 156. This column contains the FIRST peak flux density, ex-

105. X-ray luminosity in the 4.5-12 keV band ofPressedin mly. . . .
XMM-Newton, expressed in ergs This value is 157.The signal-to-noise ratio of the FIRST source whoseiiux

computed using the visual inspection redshifz_y1), 9ivenin Col #156.

Ho = 70 kmsMpct, Qm =03, Q4 =0.7 and is not ab- 158. Angular separation between the SDSS-DR12 and FIRST
sorption corrected. positions (in arcsec).

106. Total X-ray Iluminosity (0.2-12 keV) using the

flux vaIue_ reported in CoI._ 101. _This valug is comg. Supplementary lists

puted using the visual inspection redshiftZ_yI),

Ho = 70 kmsMpct, Q, =03, Q4 =07 and is not ab- As explained in Sectioll3, visual inspection is systembyica
sorption corrected. performed for all the quasar targets of the SDSEBISS sur-
107. In the case of an unreliable detection or no detectidhen Vey. Some galaxy targets are also included in the supewset fr
2-10 keV band the flux reported in Col. 101 is an upper limit. Iwhich we derive DR12Q based on their SDSS pipeline identifi-
that case, th&UMX2_10_UPPER flag listed in this column is set cation. The latter depends on the SDSS pipeline versiont Mos
to—1. identifications remain unchanged between the two versions.

108. Angular separation between the XMM-Newton and SDSNevertheless a few galaxy targets that met the requirements
DR12 locations, expressed in arcsec. to be part of the quasar catalog superset when their spectra

109. If a SDSS-DR12 quasar matches with GALEX phovere reduced by a former version of the pipeline no longer
tometring,GALEX_MATCHED is set to 1, O if not. comply yvlth_ these requirements wh_e_n the most recent version
110-113. UV fluxes and inverse variances from GALEXOf the pipeline is used. Firmly identified quasars that drap o
aperture-photometered from the original GALEX images i tiff DR12Q for this reason are included in the supplementary
two bands FUV and NUV. The fluxes are expressed in nanom4§l- The visual inspection strategy for galaxy targets a&®
gies. evolved over the course of the survey. Quasars .|dent|f.|ek!i|.giur
114-115. The) magnitude and error from the Two Micron allthese tests are also part of the supplemental list. Thislitst
Sky Survey All-Sky Data Release Point Source Catalog (Cug@ntains a total of 4841 quasars. The redshift distributicthis

et al[200B) using a matching radius of 2@ee SectioRZ.7.3). S8MPIe is shown in Fig.]9 (black histogram). The spectralof al
A non-detection by 2MASS s indicated by a "0.000" in thest!0S€ quasars are available though the SDSS website.

columns. The 2MASS measurements are in Vega, not AB, mag- . L . . .
nitudes. In addition to this first supplementary list, we provide & lis

of quasars observed during the commissioning phase of the
; ; ; ; DSS-1lIyBOSS spectrograph. Those objects were observed

e s ) o Meanng ofhe peculiarvaliGSrcen MID= 55103 and MID= 55177 and were not

118-121. Same as 114-117 for tHeband. re-observed later in the survey. ThI_S se_cor_ud s_upp_lemehmry

contains 291 quasars whose redshift distribution is aleaveh

15 see  httpjwww.ipac.caltech.ed@masgreleasegliskydog  ex- in Fig.[d (red histogram). The spectra of those quasars dre no

plsup.html part of the dficial DR12 [Alam et all. 2015) and are not available

116-117. Signal-to-noise ratio in thkkeband and corresponding
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Number of quasars

Finally, these supplementary lists do not contain the spect
of all the AGNs available in the SDSS spectroscopic samp|8eferences
In particular, there are objects targeted by the SDSBOES
galaxy survey that are spectroscopically classified asx%’ a Adg'g;a”"\"cca”hyv J. K., Agtieros, M. A., Allam, S. S., et2008, ApJS, 175,
but which show strong broad Mgin emission 4. Ahn, C. P., Alexandrss, R., Allende Prieto, C., et al. 2014, ApJS, 211, 17
Pattarakijwanich et &l. 2014). These objects could notleessl ann, . P., Alexandr, R., Allende Prieto, C., et al. 2012, ApJS, 203, 21
as part of the superset described in Sedfibn 3 because of thgira, H., Allende Prieto, C., An, D., et al. 2011, ApJS, 128

classification by the SDSS pipeline. Alam, S., Albareti, F. D., Allende Prieto, C., et al. 2015,J& 219, 12
Alam, S., Ata, M., Bailey, S., et al. 2016, ArXiv:1607.03155

Albareti, F. D., Comparat, J., Gutiérrez, C. M., et al. 20UB|RAS, 452, 4153
Allen, J. T., Hewett, P. C., Maddox, N., Richards, G. T., & @elrov, V. 2011,
7. Conclusion MNRAS, 410, 860
Anderson, L., Aubourg, E., Bailey, S., et al. 2014, MNRAS1424
We have presented the final quasar catalog of the SD3®derson, L., Aubourg, E., Bailey, S., et al. 2012, MNRAS7 42435
[11/BOSS survey resulting from five years of observations. TIS@C"G“ R. H., White, R. L., & Helfand, D. J. 1995, ApJ, 450955
- o » - olton, A. S., Schlegel, D. J., Aubourg, E., etal. 2012, A%,1144
catalog, which we call “DR12Q", contains 297301 quasargeyy j Hennawi, J. F., Hogg, D. W., et al. 2011, ApJ, 729, 14
184 101 of which have > 2.15. We provide robust identificationgovy, J., Myers, A. D., Hennawi, J. F., et al. 2012, ApJ, 74D, 4
from visual inspection and refined redshift measuremergsdaBoyle, B. J., Shanks, T., & Peterson, B. A. 1988, MNRAS, 235 9

on the result of a principal component analysis of the spectpusca N. G., Delubac, T., Rich, J,, et al. 2013, A&A, 552, A96
princip P y a m, S. M., Smith, R. J., Boyle, B. J., et al. 2004, MNRAS) 34397

i 0,
The present catalog contains about 80% more quasars than(éﬁ;, R. M., Skrutskie, M. F.. van Dyk, S., et al. 2003, VRie©nline Data
previous releas al. 2014). As part of DR12Q, wee alS Catalog, 2246, 0

provide a catalog of 29579 BAL quasars and their propertiésmwson, K. S., Kneib, J.-P., Percival, W. J., et al. 2015, i608.04473
Spectroscopic line measurements are provided togethér viggwson, K.S., Schlegel, D. J., Ahn, C. P, etal. 2013, AJ, 185
multi-wavelength matching with GALEX, 2MASS, UKIDSS,goivae, T Badidte, 3. o Busea, B . ool O e 609, 782
WISE, FIRST, RASS and XMM-Newton observations. Eftekharzadeh, S., Myers, A. D., White, M., et al. 2015, Art507.08380

Observations for the fourth stage of the SDSS (SDSS—I‘EPs_enstein, D. J., Weinberg, D. H., Agol, E., etal. 2011, MR, 72
started in July 2014. As part of the extended Baryonic OsciIIEV'SrX M-N;?gkg‘nznﬁ 'i-/ka &LEafg:ashhCétlg?go%aJSA'Jg%g
tion Spe_cFroscoplc Survey (e_BOSIS-;—DaV—VS-OLHI—aI'—IZOJ'S)'tabémi—R.ibera, )A Kir’kb.y, D guséa, .N.,.Yet aI.. 2014: J. 7Cok1:gy Astropart.
half a million new quasars will be observed (Myers ét al. 2015 phys., 5, 27
In keeping with the growth rate of previous quasar surveyBjkugita, M., Ichikawa, T., Gunn, J. E., et al. 1996, AJ, 11248
SDSS-1VeBOSS will expand the number ohiformly targeted ~ Gibson, R.R., Jiang, L., Brandt, W. N., etal. 2009, ApJ, 658
quasars at redshifts® < z < 2.2 by more than an order ofgﬂmj' E"gii"' M., Rockosi, C., et al. 1998, AJ, 116, 3040

. . . ,J. E., Siegmund, W. A., Mannery, E. J., et al. 2006, A1, 2332

magnitude. The first spectroscopic release of SDS8BOSS ), p. B., Anderson, S. F., Strauss, M. A., et al. 2002, AfLJS, 267

is expected to occur during the summer 2017. Hewett, P. C., Foliz, C. B., & Clitee, F. H. 1995, AJ, 109, 1498
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Column Name Format Description
1 SDSS_NAME STRING  SDSS-DR12 designhation hhmmssldexmss.s (J2000)
2 RA DOUBLE Right Ascension in decimal degrees (J2000)
3 DEC DOUBLE Declination in decimal degrees (J2000)
4 THING_ID INT32 Thing_ID
5 PLATE INT32 Spectroscopic Plate number
6 MJD INT32 Spectroscopic MJD
7 FIBERID INT32 Spectroscopic Fiber number
8 Z VI DOUBLE Redshift from visual inspection
9 Z_PIPE DOUBLE Redshift from BOSS pipeline
10 ERR_ZPIPE DOUBLE Error on BOSS pipeline redshift
11 ZWARNING INT32 ZWARNING flag
12 SDSS_MORPHO INT32 SDSS morphology flag Point source E extended
13 BOSS TARGET1 INT64 BOSS target flag for main survey
14 ANCILLARY_TARGET1 INT64 BOSS target flag for ancillary ggrams
15 ANCILLARY_TARGET2 INT64 BOSS target flag for ancillary ggrams
16 EBOSS _TARGETO INT64 Target selection flag for eBOSS pilotey
17 BAL_FLAG_VI SHORT  BAL flag from visual inspection
18 OBJ_ID STRING  SDSS Object Identification Number
17 PSFFLUX FLOAT[5] fluxin theu,g,r,i andz-bands (not corrected for Galactic extinction)
18 IVAR_PSFLUX FLOAT[5] inverse variance afg,r,i andz fluxes
19 PSFMAG FLOAT[5] PSF magnitudesing,r,i andz-bands (not corrected for Galactic
extinction)
20 ERR_PSFMAG FLOAT[5] errorim,g,r,i andz PSF magnitudes
21 GAL_EXT FLOAT[5] Galactic extinction in the 5 SDSS banfi®(n Schlegel et al. 1998)

Table 5. Format of the binary FITS files containing the two suppleragntists.

Hewett, P. C. & Wild, V. 2010, MNRAS, 405, 2302(HW10)

Hogg, D. W., Finkbeiner, D. P., Schlegel, D. J., & Gunn, J. @2, AJ, 122,
2129

Ivezi¢, Z., Lupton, R. H., Schlegel, D., et al. 2004, Astronoméstachrichten,
325, 583

Kaiser, N., Aussel, H., Burke, B. E., et al. 2002, in SocietyPboto-Optical

Instrumentation Engineers (SPIE) Conference Series, 2836, Survey and

Other Telescope Technologies and Discoveries, ed. J. AnTgsS. Wolf,
154-164
Kaiser, N., Burgett, W., Chambers, K., et al. 2010, in SgcatPhoto-Optical

Instrumentation Engineers (SPIE) Conference Series, M83, Society of

Photo-Optical Instrumentation Engineers (SPIE) Confeze®eries, 0
Kirkpatrick, J. A., Schlegel, D. J., Ross, N. P., et al. 2084, 743, 125
Krawczyk, C. M., Richards, G. T., Mehta, S. S., et al. 2013)3p206, 4
LaMassa, S. M., Cales, S., Moran, E. C., etal. 2015, ApJ, 809,

Law, N. M., Kulkarni, S. R., Dekany, R. G., et al. 2009, PASP] 11395
Lawrence, A., Warren, S. J., Almaini, O., et al. 2007, MNRA39, 1599

Reid, B., Ho, S., Padmanabhan, N., et al. 2015, ArXiv:156529
Richards, G. T., Myers, A. D., Gray, A. G., et al. 2009, ApJ8),167
Richards, G. T., Nichol, R. C., Gray, A. G., et al. 2004, ApIs5, 257
Richards, G. T., Strauss, M. A, Fan, X, et al. 2006, AJ, 2366
Roig, B., Blanton, M. R., & Ross, N. P. 2014, ApJ, 781, 72

Ross, N. P., McGreer, I. D., White, M., et al. 2013, ApJ, 778, 1
Ross, N. P., Myers, A. D., Sheldon, E. S, et al. 2012, ApJS, 39
Schlafly, E. F. & Finkbeiner, D. P. 2011, ApJ, 737, 103

Schlegel, D. J., Finkbeiner, D. P., & Davis, M. 1998, ApJ, 5826
Schmidt, K. B., Marshall, P. J., Rix, H.-W., et al. 2010, Apd4, 1194
Schmidt, M. 1963, Nature, 197, 1040

Schmidt, M. & Green, R. F. 1983, ApJ, 269, 352

Schneider, D. P, Hall, P. B., Richards, G. T., et al. 2007,184, 102
Schneider, D. P, Richards, G. T., Hall, P. B., et al. 2010,189, 2360
Shen, Y., Brandt, W. N., Denney, K. D., et al. 2016, ArXiv: 2608894
Skrutskie, M. F., Cutri, R. M., Stiening, R., et al. 2006, A31, 1163
Slosar, A, IrstE, V., Kirkby, D., et al. 2013, J. Cosmology Astropart. Phyis 26

Lupton, R., Gunn, J. E., lvezj Z., et al. 2001, in Astronomical Society of theSmee, S. A., Gunn, J. E., Uomoto, A., et al. 2013, AJ, 146, 32
Pacific Conference Series, Vol. 238, Astronomical Data ¥sial Software Smith, J. A., Tucker, D. L., Kent, S., etal. 2002, AJ, 123,212

and Systems X, ed. F. R. Harnden Jr., F. A. Primini, & H. E. a9
Lupton, R. H., Gunn, J. E., & Szalay, A. S. 1999, AJ, 118, 1406
Mainzer, A., Bauer, J., Grav, T., et al. 2011, ApJ, 731, 53
Martin, D. C., Fanson, J., Schiminovich, D., et al. 2005, /1B, L1
McDonald, P. & Eisenstein, D. J. 2007, Phys. Rev. D, 76, 06300
Merloni, A., Dwelly, T., Salvato, M., et al. 2015, MNRAS, 4539
Morganson, E., Green, P. J., Anderson, S. F., et al. 2015,808] 244
Myers, A. D., Palanque-Delabrouille, N., Prakash, A., et &015,
ArXiv:1508.04472
Ofek, E. O., Laher, R., Surace, J., et al. 2012, PASP, 124, 854
Oke, J. B. & Gunn, J. E. 1983, ApJ, 266, 713
Osmer, P. S. & Smith, M. G. 1980, ApJS, 42, 333

Padmanabhan, N., Schlegel, D. J., Finkbeiner, D. P., e08B,2ApJ, 674, 1217

Palanque-Delabrouille, N., Magneville, C., Yéche, C.,le2813, A&A, 551,
A29

Palanque-Delabrouille, N., Yéche, C., Myers, A. D., et d12, A&A, 530,
A122

Paris, I, Petitiean, P., Aubourg, E., et al. 2012, A&A, 5A86

Péris, ., Petitjean, P., Aubourg, E., et al. 2014, A&A, 5884

Paris, |., Petitjean, P., Rollinde, E., et al. 2011, A&A, 530

Pattarakijwanich, P., Strauss, M. A, Ho, S., & Ross, N. R2@\rXiv e-prints

Peters, C. M., Richards, G. T., Myers, A. D., et al. 2015, 11, 95

Spergel, D. N., Verde, L., Peiris, H. V., & et al. 2003, ApJ881175

Stark, A. A., Gammie, C. F., Wilson, R. W., et al. 1992, ApJS, 77

Storrie-Lombardi, L. J., McMahon, R. G., Irwin, M. J., & HadaC. 1996, ApJ,
468, 121

Stoughton, C., Lupton, R. H., Bernardi, M., et al. 2002, A23,1485

Trump, J. R., Hall, P. B., Reichard, T. A,, et al. 2006, ApJ&5,11

Tucker, D. L., Kent, S., Richmond, M. W., et al. 2006, Astronische
Nachrichten, 327, 821

Voges, W., Aschenbach, B., Boller, T., et al. 1999, A&A, 3389

Voges, W., Aschenbach, B., Boller, T., et al. 2000, IAU Gi#32, 3

Watson, M. G., Schroder, A. C., Fyfe, D., et al. 2009, A&A, 4339

Wells, D. C., Greisen, E. W., & Harten, R. H. 1981, A&AS, 44336

Weymann, R. J., Morris, S. L., Foltz, C. B., & Hewett, P. C. 198pJ, 373, 23

White, M., Myers, A. D., Ross, N. P, etal. 2012, MNRAS, 42339

Wright, E. L., Eisenhardt, P. R. M., Mainzer, A. K., et al. 20AJ, 140, 1868

Yeéche, C., Petitjean, P., Rich, J., et al. 2010, A&A, 523, Al4

York, D. G., Adelman, J., Anderson, Jr., J. E., et al. 200Q,12D, 1579

1 INAF - Osservatorio Astronomico di Trieste, Via G. B. Tiepdi1,
1-34131 Trieste, Italy
2 Aix  Marseille  Université, CNRS, LAM

Pier, J. R., Munn, J. A., Hindsley, R. B., et al. 2003, AJ, 125,9 (Laboratoire

Rau, A., Kulkarni, S. R., Law, N. M., et al. 2009, PASP, 121343 d’Astrophysique de Marseille) UMR 7326, 13388, Marseille,

Article number, page 17 625



A&A proofs:manuscript no. DR12Q

France
e-mail:isabelle.paris@lam. fr

3 UPMC-CNRS, UMR 7095, Institut d’Astrophysique de Pari)¥5
Paris, France

4 Department of Physics, Drexel University, 3141 Chestnueest
Philadelphia, PA 19104, USA

5 Institute for Astronomy, SUHH, University of Edinburgh, Royal
Observatory, Edinburgh, EH9 3HJ, United Kingdom

6 Department of Physics and Astronomy, University of Wyoming
Laramie, WY 82071, USA

7 Max-Planck-Institut fur Astronomie, Kénigstuhl 17, D-6B7 Hei-
delberg, Germany

8 APC, Astroparticule et Cosmologie, Université Paris Diader
CNRYIN2P3, CEAlrfu, Observatoire de Paris, Sorbonne Paris
Cité, 10 rue Alice Domon & Léonie Duquet, 75205 Paris Cedex
13, France

9 Instituto de Astrofisica de Canarias (IAC), E-38200 La Lamun
Tenerife, Spain

10 Universidad de La Laguna (ULL), Dept. Astrofisica, E-3820& L
Laguna, Tenerife, Spain

11 Lawrence Berkeley National Laboratory, 1 Cyclotron Roaekg-
ley, CA 94720, USA

12 CEA, Centre de Saclay, Irf8PP, 91191, Gif-sur-Yvette, France

13 Department of Astronomy, University of Florida, GainesyilFL
32611-2055, USA

14 Princeton University Observatory, Peyton Hall, Princetdw
08544, USA

15 |nstituto de Fisica Tedrica (UAMSIC), Universidad Auténoma de
Madrid, Cantoblanco, E-28049 Madrid, Spain

16 Department of Astronomy and Astrophysics, University ofdFuo,
50 St. George Street, Toronto, ON, M5S 3H4, Canada

17 Apache Point Observatory and New Mexico State Universi®, P
Box 59, Sunspot, NM, 88349-0059, USA

18 Sternberg Astronomical Institute, Moscow State Univgrsit
Moscow

19 Department of Astronomy & Astrophysics, The Pennsylvariates
University, University Park, PA, 16802, USA

20 Institute for Gravitation and the Cosmos, The Pennsylv@tate
University,University Park, PA 16802, USA

21 Department of Physics, 104 Davey Lab, The Pennsylvanize Stat
University, University Park, PA 16802, USA

22 Dipartimento di Fisica e Astronomia, Universita di Bologwaale
Berti Pichat 82, 40127 Bologna, Italy

23 INAF - Osservatorio Astronomico di Bologna, via Ranzani@127
Bologna, Italy

24 Max-Planck-Institut fur Extraterrestrische Physik, Giesbach-
strasse 1, D-85741 Garching, Germany

25 McWilliams Center for Cosmology, Dept. of Physics, Careddel-
lon University, Pittsburgh PA 15213

26 Steward Observatory, University of Arizona, Tucson, AZ 837
USA

27 Department of Physics and Astronomy, York University, 4R@e@le
St., Toronto, ON, M3J 1P3, Canada

28 Kavli Institute for Astronomy and Astrophysics, Peking risity,
Beijing 100871, China

2% |nstitute of Astronomy, University of Cambridge, MadinglRoad,
Cambridge CB3 OHA, UK

30 Kavli Institute for Cosmology, University of Cambridge, Magley
Road, Cambridge CB3 OHA, UK

31 campus of International Excellence UAMLSIC, Cantoblanco, E-
28049 Madrid, Spain

32 |nstituto de Astrofisica de Andalucia (CSIC), Glorieta deAs-
tronomia, E-18080 Granada, Spain

33 INFN/National Institute for Nuclear Physics, Via Valerio 2,434
Trieste, Italy

34 Department of Astronomy and CCAPP, Ohio State University,
Columbus, OH 43201, USA

16 Scottish Universities Physics Alliance

Article number, page 18 625



Isabelle Péaris et al.: The Sloan Digital Sky Survey QuasaalGg: twelfth data release
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Appendix B: Description of the superset of DR12Q

Column Name Format Description
1 SDSS_NAME STRING  SDSS-DR12 designation hhmmssldsnmss.s (J2000)
2 RA DOUBLE Right Ascension in decimal degrees (J2000)
3 DEC DOUBLE Declination in decimal degrees (J2000)
4 THING_ID INT32 Thing_ID
5 PLATE INT32 Spectroscopic Plate number
6 MJD INT32 Spectroscopic MID
7 FIBERID INT32 Spectroscopic Fiber number
8 Z_ VI DOUBLE Redshift from visual inspection
9 Z_PIPE DOUBLE Redshift from BOSS pipeline
10 ERR_ZPIPE DOUBLE Error on BOSS pipeline redshift
11 ZWARNING INT32 ZWARNING flag
12 CLASS_PERSON INT32 Classification from the visual insjpec
13 Z_CONF_PERSON INT32 Redshift confidence from visual étsipn
14 SDSS_MORPHO INT32 SDSS morphology flag Point source = extended
15 BOSS_TARGET1 INT64 BOSS target flag for main survey
16 ANCILLARY_TARGET1 INT64 BOSS target flag for ancillary ggrams
17 ANCILLARY_TARGET2 INT64 BOSS target flag for ancillary ggrams
18 EBOSS TARGETO INT64 Target selection flag for eBOSS pilotey
19 PSFFLUX FLOAT[5] fluxintheu,g,r,i andz-bands (not corrected for Galactic extinction)
20 IVAR_PSFLUX FLOAT[5] inverse variance afg,r,i andzfluxes
21 PSFMAG FLOAT[5] PSF magnitudesing,r,i andz-bands (not corrected for Galactic extinction)
22 ERR_PSFMAG FLOAT[5] errorim,g,r,i andz PSF magnitudes
23 GAL_EXT FLOAT[5] Galactic extinctionin the 5 SDSS ban@i®(n Schlegel et al. 1998)

Table B.1.Description of the file that contains the superset from whiehderive the DR12Q catalog. This file contains the resuthftie visual
inspection as described in Table 2.
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Column Name Format Descriptidn

1 SDSS NAME STRING  SDSS-DR12 designation hhmmssldenmss.s (J2000)

2 RA DOUBLE Right Ascension in decimal degrees (J2000)

3 DEC DOUBLE Declination in decimal degrees (J2000)

4 THING_ID INT32 Thing_ID (unique identifier of SDSS souryes

5 PLATE INT32 Spectroscopic Plate number

6 MJD INT32 Spectroscopic MJD

7 FIBERID INT32 Spectroscopic Fiber number

8 Z_ VI DOUBLE Redshift from visual inspection

9 Z_PIPE DOUBLE Redshift from BOSS pipeline

10 ERR_ZPIPE DOUBLE  Error on BOSS pipeline redshift

11 ZWARNING INT32 ZWARNING flag

12 Z_PCA DOUBLE  Refined PCA redshift

13 ERR_ZPCA DOUBLE  Error on refined PCA redshift

14 PCA_QUAL DOUBLE  Estimator of the PCA continuum quality

15 Z Clv DOUBLE Redshift of Gv emission line

16 Z_Cll DOUBLE  Redshift of Gi] emission complex

17 Z_MGlI DOUBLE Redshift of Mgt emission line

18 SDSS_MORPHO INT32 SDSS morphology flag Point source k= extended

19 BOSS_TARGET1 INT64 BOSS target flag for main survey

20 ANCILLARY_TARGET1 INT64 BOSS target flag for ancillary ggrams

21 ANCILLARY_TARGET2 INT64 BOSS target flag for ancillary ggrams

22 EBOSS TARGETO INT64 Target selection flag for the SDSERBOSS pilot survey

23 NSPEC_BOSS INT32 Number of additional spectra availeb&DSS-11/BOSS

24 PLATE_DUPLICATE INT32[32] Spectroscopic plate number éach duplicate spectrum

25 MJD_DUPLICATE INT32[32] Spectroscopic MJD for each dopte spectrum

26 FIBERID_DUPLICATE INT32[32] Spectroscopic fiber numbfer each duplicate spectrum

27 SDSS_DR7 INT32 1 if the quasar is known from DR7

28 PLATE_DR7 INT32 SDSS-DR7 spectroscopic Plate numbdeifquasar is known from DR7

29 MJD_DRY7 INT32 SDSS-DR7 spectroscopic MJD if the quasknéwvn from DR7

30 FIBERID_DR7 INT32 SDSS-DR7 spectroscopic Fiber numbira quasar is known from DR7

31 UNIFORM INT32 Uniform sample flag

32 ALPHA_NU FLOAT Spectral index measurement

33 SNR_SPEC FLOAT Median signal-to-noise ratio over the lelspectrum

34 SNR_DUPLICATE FLOAT[32] Median signal-to-noise ratioey the whole spectrum of duplicate
SDSS-IIJBOSS spectra when available

35 SNR_1700 FLOAT Median signal-to-noise ratio in the wiwdb650 - 1 750A (rest frame)

36 SNR_3000 FLOAT Median signal-to-noise ratio in the wiwdd950 - 3 050A (rest frame)

37 SNR_5150 FLOAT Median signal-to-noise ratio in the wiwd®100 - 5 250A (rest frame)

38 FWHM_CIV DOUBLE FWHM of Crv emission line in km s

39 BHWHM_CIV DOUBLE  Blue HWHM of Civ emission line in km s

40 RHWHM_CIV DOUBLE Red HWHM of Gv emission line in km st

41 AMP_CIV DOUBLE  Amplitude of Giv emission line in units of median rms pixel noise

42 REWE_CIV DOUBLE Rest frame equivalent width ofiCemission line in A

43 ERR_REWE_CIV DOUBLE  Uncertainty on the rest frame egleinawidth of Civ emission line in A

44 FWHM_CIII DOUBLE FWHM of Cm] emission complex in kms

45 BHWHM_CIII DOUBLE  Blue HWHM of Cui] emission line in km s

46 RHWHM_CIII DOUBLE Red HWHM of Cm] emission line in km st

47 AMP_CIII DOUBLE  Amplitude of Cui] emission complex in units of median rms pixel noise

48 REWE_CIII DOUBLE Rest frame equivalent width ofi@ emission line in A

49 ERR_REWE_CIII DOUBLE  Uncertainty on the rest frame eqiéwnt width of Cii] emission
complexin A

50 FWHM_MGII DOUBLE FWHM of Mgn emission line in km st

51 BHWHM_MGII DOUBLE  Blue HWHM of Mgu emission line in km s

52 RHWHM_MGII DOUBLE Red HWHM of Mgu emission line in km s

53 AMP_MGiII DOUBLE  Amplitude of Mg emission line in units of median rms pixel noise

54 REWE_MGII DOUBLE Rest frame equivalent width of Migemission line in A

55 ERR_REWE_MGII DOUBLE  Uncertainty on the rest frame eqiéwt width of Mg emission in A

56 BAL_FLAG_VI INT32 BAL flag from visual inspection

57 BI_CIV DOUBLE  Balnicity index of Civ trough (in km s?)
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Column Name Format Description

58 ERR_BI_CIV DOUBLE  Error on the Balnicity index of @ trough (in km s?)

59 Al_CIvV DOUBLE  Absorption index of Gv trough (in km s?)

60 ERR_AI_CIV DOUBLE  Error on the absorption index ofiCtrough (in km s?)

61 CHI2THROUGH DOUBLE 2 of the trough from Eq. (3) in Péaris et al. (2012)

62 NCIV_2000 INT32 Number of distinct & troughs of width larger than 2 000 km's

63 VMIN_CIV_2000 DOUBLE  Minimum velocity of the Gv troughs defined in row 57 (knT¥)

64 VMAX_CIV_2000 DOUBLE  Maximum velocity of the @ troughs defined in row 57 (in knT¥)

65 NCIV_450 INT32 Number of distinct @ troughs of width larger than 450 km's

66 VMIN_CIV_450 DOUBLE  Minimum velocity of the Gv troughs defined in row 59 (in knt¥)

67 VMAX_CIV_450 DOUBLE  Maximum velocity of the Gv troughs defined in row 59 (in knt¥)

68 REW_SIIV DOUBLE rest frame equivalent width of theiSitrough

69 REW_CIV DOUBLE rest frame equivalent width of thexCtrough

70 REW_ALIII DOUBLE rest frame equivalent width of the Al] trough

71 RUN_NUMBER INT32 SDSS Imaging Run Number of photometreasurements

72 PHOTO_MJD INT32 Modified Julian Date of imaging observati

73 RERUN_NUMBER STRING  SDSS Photometric Processing Remumibér

74 COL_NUMBER INT32 SDSS Camera Column Number (1-6)

75 FIELD_NUMBER INT32 SDSS Field Number

76 OBJ_ID STRING  SDSS Object Identification Number

77 PSFFLUX FLOAT[5] fluxin theu,g,r,i andz-bands (not corrected for Galactic extinction)

78 IVAR_PSFLUX FLOAT[5] inverse variance afg,r,i andzfluxes

79 PSFMAG FLOAT[5] PSF magnitudesing,r,i andz-bands (not corrected for Galactic
extinction)

80 ERR_PSFMAG FLOAT[5] errorim,g,r,i andz PSF magnitudes

81 TARGET_FLUX FLOAT[5] TARGET flux in theu,g,r,i andz-bands (not corrected for Galactic
extinction)

82 M FLOAT Mi[z = 2] (Ho =67.8kms?t Mpct, Qv =0.308 Q4 =0.692 «, = —0.5)

83 DGMI FLOAT A(g—1) = (g—1i) — {(g — ))regshitt (Galactic extinction corrected)

84 GAL_EXT FLOAT[5] Galactic extinction in the 5 SDSS bandsrh Schlegel et al. (1998)

85 GAL_EXT_RECAL FLOAT[5] Galactic extinction in the 5 SD3fands from Schlafly & Finkbeiner (2011)

86 HI_GAL FLOAT logNy (logarithm of Galactic H column density in cr?)

87 VAR_MATCHED SHORT Flag for variability information (O fiot available)

88 VAR_CHI2 DOUBLE Reduceg? when the light curve is fit with a constant

89 VAR_A DOUBLE  Structure function parametéras defined
in Palanque-Delabrouille et al. (2011)

90 VAR_GAMMA DOUBLE  Structure function parametgras defined
in Palangue-Delabrouille et al. (2011)

91 RASS_COUNTS DOUBLE log RASS full band count rate (count} s

92 RASS_COUNTS_SNR FLOAT /N of the RASS count rate

93 SDSS2ROSAT_SEP DOUBLE SDSS-RASS separation in arcsec

94 N_DETECTION_XMM INT32 Number of detections in XMM-Newto

95 FLUX02_12KEV_SGL DOUBLE  Total flux (0.2-12 keV) from XMNkewton computed from the longest
observation (erg cnt s™1)

96 ERR_FLUX02 12KEV_SGL DOUBLE Errorin total flux (0.2-12¥) from XMM-Newton

97 FLUX02_2KEV DOUBLE  Soft (0.2-2 keV) X-ray flux from XMM-Neton (erg cm? s™1)

98 ERR_FLUX02_2KEV DOUBLE  Error in soft (0.2-2 keV) X-ray #ifrom XMM-Newton (erg cm? s1)

99 FLUX45 12KEV DOUBLE  Hard (4.5-12 keV) X-ray flux from XMNNewton (erg cm? s71)

100 ERR_FLUX45_12KEV DOUBLE  Errorin hard (4.5-12 keV) Xyrlux from XMM-Newton (erg cm? s™2)

101 FLUX02_12KEV DOUBLE  Total weighted average flux (0.2kKe2/) from XMM-Newton (erg cm? s2)

102 ERR_FLUX02_12KEV DOUBLE  Error in total flux (0.2-12 ke¥fpm XMM-Newton

103 LUMO2_12KEV_SGL DOUBLE  Total X-ray luminosity (0.2-k2V) from XMM-Newton using the
longest observation (erg’§ using Z_VI andHy = 70km s* Mpc™?,
Qu =03 Q=07

104 LUMO5_2KEV DOUBLE  Soft (0.2-2 keV) X-ray luminosity fro XMM-Newton (erg s?)
using Z_Vl andHgy = 70km s Mpc™?, Qu = 0.3, Q5 =0.7

105 LUM45_ 12KEV DOUBLE Hard (4.5-12 keV) X-ray luminositydm XMM-Newton (erg s?)
using Z_Vl andHg = 70km s Mpc™, Qy = 0.3, Q5 =0.7

106 LUM2_12KEV DOUBLE  Total X-ray luminosity (0.2-12 keVjdm XMM-Newton using weighted

average flux (erg3) using Z_VI andHy = 70km s Mpc™?, Qy = 0.3,
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Table 4.Continued.

Column Name Format Description
Qp =07
107 LUMX2_10_UPPER DOUBLE  Flag for upper limit of hard X-rflyx (in col. #95)
108 SDSS2XMM_SEP DOUBLE SDSS-XMM-Newton separation irsacc
109 GALEX_MATCHED SHORT GALEX match
110 FUV DOUBLE  fuv flux (GALEX)
111 FUV_IVAR DOUBLE Inverse variance dfuv flux
112 NUV DOUBLE nuv flux (GALEX)
113 NUV_IVAR DOUBLE Inverse variance afuv flux
114 JMAG DOUBLE J magnitude (Vega, 2MASS)
115 ERR_JIMAG DOUBLE  Error id magnitude
116 JSNR DOUBLE  J-band/S
117 JRDFLAG INT32 J-band photometry flag
118 HMAG DOUBLE H magnitude (Vega, 2MASS)
119 ERR_HMAG DOUBLE  ErrorirH magnitude
120 HSNR DOUBLE  H-band/l
121 HRDFLAG INT32 H-band photometry flag
122 KMAG DOUBLE K magnitude (Vega, 2MASS)
123 ERR_KMAG DOUBLE  Error irk magnitude
124 KSNR DOUBLE K-band 8\
125 KRDFLAG INT32 K-band photometry flag
126 SDSS2MASS_SEP DOUBLE SDSS-2MASS separation in arcsec
127 WI1MAG DOUBLE w1 magnitude (Vega, WISE)
128 ERR_WI1IMAG DOUBLE  Erroriwl magnitude
129 W1SNR DOUBLE @ inwl band
130  WICHI2 DOUBLE 2 in w1 band
131 W2MAG DOUBLE w2 magnitude (Vega, WISE)
132 ERR_W2MAG DOUBLE  Error im2 magnitude
133 W2SNR DOUBLE #\in w2 band
134  W2CHI2 DOUBLE y?in w2 band
135 W3MAG DOUBLE w3 magnitude (Vega, WISE)
136 ERR_W3MAG DOUBLE  Error iw3 magnitude
137 W3SNR DOUBLE @&\ in w3 band
138 W3CHI2 DOUBLE y?in w3 band
139 WAMAG DOUBLE w4 magnitude (Vega, WISE)
140 ERR_WA4MAG DOUBLE  Error iw4 magnitude
141 WASNR DOUBLE & in w4 band
142 WACHI2 DOUBLE  x?in w4 band
143 CC_FLAGS STRING  WISE contamination and confusion flag
144 PH_FLAG STRING  WISE photometric quality flag
145 SDSS2WISE_SEP DOUBLE  SDSS-WISE separation in arcsec
146 UKIDSS_MATCHED SHORT UKIDSS Matched
147  YFLUX DOUBLE  Y-band flux density from UKIDSS (in W m Hz™1)
148  YFLUX_ERR DOUBLE  Errorin Y-band density flux from UKIDS& W m=2 Hz™1)
149  JFLUX DOUBLE  J-band flux density from UKIDSS (in WiHz 1)
150  JFLUX_ERR DOUBLE  Error in J-band flux density from UKIDEB W m=2 Hz1)
151 HFLUX DOUBLE  H-band flux density from UKIDSS (in W TAHz™%)
152 HFLUX_ERR DOUBLE  Error in H-band flux density from UKIDS® W m=2 Hz™?)
153 KFLUX DOUBLE K-band flux density from UKIDSS (in W m Hz™1)
154 KFLUX_ERR DOUBLE  Error in K-band flux density from UKIDS& W m=2 Hz™1)
155 FIRST_MATCHED INT FIRST matched
156 FIRST_FLUX DOUBLE FIRST peak flux density at 20 cm expegsisi mJy
157 FIRST_SNR DOUBLE @I of the FIRST flux density
158 SDSS2FIRST_SEP DOUBLE SDSS-FIRST separation in arcsec

a All magnitudes are PSF magnitudes
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Selection

Maskbits # Objects #QSO #Q30215 #SIAR #GALAXY #7? #BAD
BOSS_TARGETL
QSO_CORE 10 3410 1335 1070 1970 67 30 8
QSO_BONUS 11 4212 773 455 3311 87 31 10
QSO_KNOWN_MIDZ 12 20249 20121 19949 37 2 44 45
QSO_KNOWN_LOHIZ 13 57 57 1 0 0 0 0
QSO_NN 14 212531 143118 114815 64981 1998 1173 1261
QSO_UKIDSS 15 47 27 22 18 2 0 0
QSO_LIKE_COADD 16 1326 314 228 889 53 52 18
QSO_LIKE 17 113240 69037 47675 40069 2127 1044 963
QSO_FIRST_BOSS 18 8607 6879 4655 745 356 533 94
QSO_KDE 19 238770 145345 111257 87802 2681 1538 1404
QSO_CORE_MAIN 40 187229 122692 101556 59745 2008 1448 1336
QSO_BONUS_MAIN 41 394278 218871 164897 158618 9195 4217 7337
QSO_CORE_ED 42 34453 23083 19578 10491 287 281 311
QSO_CORE_LIKE 43 36998 27495 20008 8485 480 253 285
QSO_KNOWN_SUPPZ 44 57 57 1 0 0 0 0
ANCILLARY TARGET1
BLAZGVAR 6 2 T 0 0 0 i 0
BLAZR 7 6 2 0 0 4 0 0
BLAZXR 8 610 203 12 36 333 36 2
BLAZXRSAL 9 3 3 1 0 0 0 0
BLAZXRVAR 10 1 0 0 0 0 1 0
XMMBRIGHT 11 623 489 29 15 114 5 0
XMMGRIZ 12 97 28 14 30 24 14 1
XMMHR 13 748 242 22 33 446 24 3
XMMRED 14 520 95 6 65 354 2 4
FBQSBAL 15 12 11 4 0 0 1 0
LBQSBAL 16 6 6 0 0 0 0 0
ODDBAL 17 32 24 8 1 1 6 0
OTBAL 18 15 2 0 0 0o 13 0
PREVBAL 19 15 15 5 0 0 0 0
VARBAL 20 1470 1460 577 0 0 5 5
QSO_AAL 22 476 472 2 1 1 1 1
QSO_AALS 23 852 846 54 0 1 1 4
QSO_IAL 24 278 277 3 0 0 1 0
QSO_RADIO 25 235 231 11 1 0 1 2
QSO_RADIO_AAL 26 140 140 0 0 0 0 0
QSO_RADIO_IAL 27 74 73 1 0 0 1 0
QSO_NOAALS 28 66 66 1 0 0 0 0
QSO_GRI 29 1948 704 675 517 391 147 189
QSO_HIZ 30 475 1 1 394 5 16 59
QSO _RIZ 31 1344 87 83 1002 153 69 33
BLAZGRFLAT 50 102 59 8 10 7 22 4
BLAZGRQSO 51 119 77 19 15 3 24 0
BLAZGX 52 16 4 0 10 1 1 0
BLAZGXQSO 53 55 51 2 0 3 1 0
BLAZGXR 54 166 56 4 17 36 57 0
BLAZXR 55 0 0 0 0 0 0 0
CXOBRIGHT 58 188 130 5 3 50 5 0
CXORED 59 29 8 2 6 9 5 1
ANCILLARY_TARGET2
HIZQS082 0 62 2 2 55 1 0 4
HIZQSOIR 1 109 2 1 101 0 3 3
KQSO_BOSS 2 181 86 40 87 4 3 1
QSO_VAR 3 1394 877 313 429 85 0 3
QSO_VAR_FPG 4 607 589 306 5 3 6 4
RADIO_2LOBE_QSO 5 1133 590 63 345 113 62 23
QSO_SUPPZ 7 4933 4910 24 2 0 6 15
QSO_VAR_SDSS 8 24361 9043 4223 13810 367 702 439
QSO_WISE_SUPP 9 5474 3262 1107 1726 329 134 23
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Table A.1. Continued.

Selection Maskbits # Objects #QSO #Q80215 #STAR # GALAXY #? #BAD
QSO_WISE_FULL_SKY 10 26966 25881 16651 309 450 201 125
DISKEMITTER_REPEAT 13 92 92 0 0 0 0 0
WISE_BOSS_QSO 14 20898 19333 3867 395 933 115 122
QSO_XD_KDE_PAIR 15 628 363 23 232 21 5 7
TDSS _PILOT 24 859 243 63 598 6 3 9
SPIDERS_PILOT 25 363 250 12 7 62 25 19
TDSS_SPIDERS_PILOT 26 107 107 6 0 0 0 0
QSO_VAR_LF 27 2401 1595 187 396 302 70 38
QSO_EBOSS_W3_ADM 31 3517 799 218 1931 637 107 43
XMM_PRIME 32 2422 1562 220 68 477 202 113
XMM_SECOND 33 648 209 63 47 288 59 45
SEQUELS_TARGET 53 36263 20333 3410 10212 4477 702 539
RM_TILE1 54 227 218 21 1 1 0 7
RM_TILE2 55 615 615 172 0 0 0 0
QSO_DEEP 56 2484 363 97 420 321 365 1015
EBOSS_TARGETO

QSO_EBOSS_CORE 10 19461 16321 1208 679 1629 488 344
QSO_PTF 11 13232 7485 935 3602 1776 175 194
QSO_REOBS 12 1368 1368 1365 0 0 0 0
QSO_EBOSS_KDE 13 11843 9958 274 637 1031 86 131
QSO_EBOSS_FIRST 14 293 225 30 14 20 27 7
QSO_BAD_BOSS 15 59 23 7 2 1 32 1
QSO_BOSS_TARGET 16 59 23 7 2 1 32 1
QSO_SDSS TARGET 17 0 0 0 0 0 0 0
QSO_KNOWN 18 0 0 0 0 0 0 0
SPIDERS_RASS_AGN 20 162 49 1 52 56 1 4
SPIDERS_ERASS_AGN 22 0 0 0 0 0 0 0
TDSS_A 30 9418 4086 377 4906 290 41 95
TDSS_FES DE 31 42 42 0 0 0 0 0
TDSS _FES NQHISN 33 74 73 0 0 0 1 0
TDSS_FES_MGII 34 1 1 0 0 0 0 0
TDSS_FES VARBAL 35 62 62 18 0 0 0 0
SEQUELS PTF_VARIABLE 40 701 32 7 550 112 2 5
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