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Quasars are... (1)

e energetic / extreme physics

» Broad Absorption Lines (BALSs)
>2000 km s~1, accelerated to 0.1c
and vary (e.g. Gibson et al. 2009)

e very luminous
» Lbol ~ several 1012 Lo

~ few 10% erg s}

e tracers of large scale structure

» e.g. Hawkins&Reddish'/5; Osmer'81;
Shanks et al."83, Porciani’04;
Croom’05; Ross'09

e distant (evolution of LSS)
» <z>spss=1.3 = 4000 Mpc




Quasars are... (2) Bl
o (maybe) connected to IS
galaxy mergers and ="
evolution o |
» "AGN Feedback” (e.g. +/ [f Croton et al. 20063/
Cattaneo et al. 2009) s e 2

Womble et al. 1996

e backlights
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» Lyman alpha forest (LyaF. h ”"
ll

e.g. Rauch98)

® rare

» N~107 Mpc3 for Mg=-27
at z=2 (e.g. Croom et al.
2009b)




Large (optical) area surveys

e Quasars rare objects, need to cover large areas of
the sky

e Mid-1990s, largest quasar samples objects

o . clean photometry, multiplexing instrument,
large FoV




The Dawn of Statistical QSO Surveys

e TWO over 1998-2008:
» 2dF QSO Redshift (2QZ; 23,660 QSOs, Croom et al. 2004)

» SDSS Quasar Survey (105,783 QSOs; Schneider'10)

e SDSS ideal for large quasar survey:
> High quality photometry, select targets
> Very large area coverage (1000s deg?)

> moderate resolution
spectra
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z2=0.05 bins

105,783 Quasars including first ever QSOs
above z>5 (DR7Q has Zmax = 5.46)

— 5055 DR/Q
Schneider et al. {2010)
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AN EXTRAORDINARY NEW MAP
NG IN

'OF THE UNIVERSE USHERI
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Cosmic Energy Inventory

Parameter Q [ Qcrit
Dark Sector 0.954+0.003

Dark energy | 0.72+0.03
Dark (cold) matter| 0.23+0.03

Baryon rest mass  |0.045+0.003

neutrinos, v <0.004

o Black holes e
Kowalski et al. (2008) Fukugita & Peebles (2004)




www.sdss3.org

Eisenstein et al.
arXiv:1101.1529v1
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Flate SoUY  Fiper Y2 MJD=3012Y
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QS0 | BROADLINE 2= 202544 {fit #1)
X =2Joo
Targe{ = QSO CORE Q80 NN QSO KDE_COADD QSO LIKE

Lya-LyB ~ 500 h'! Mpc
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(100 inch) primary
Wide Field of view,

x 2" fibers

10%-2 galaxy redshifts,
0.3<z<0.75

2009-2014

Schlegel, Dawson, Roe,
White

Eisenstein et al.
arXiv:1101.1529v1
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SDSS Photometry

Restrict to BOSS footprint, remove

areas with bad u-band data

v

Resolve Cuts (SURVEY_PRIMARY)

eeeeeee

Flu FIRST-specific
color cuts
flag
Y
FIRST match
Measure Measure Measure Measu
QSO KDE Likelihood NN N
< FIRST >
Run
Combinator,
eeeeeee
NN_VALUE
Spatially dependent cut
on NN_VALUE
ch that
CORE+BONUS gives
40/sq deg
Y
< BONUS >

et al. (arXiv:1 105.0606v 1)

Complicated!
Several methods:
Kirkpartick et al. (2011)
Bovy et al. (2011)
Yeche et al. (2010)
Richards et al. (2009)

Four main quasar targets:
KNOWN (e.g. from SDSS)
FIRST (radio sources)
(optical, 1 method)
(multi-A, multi-method)

Produces:
just under 430,000 targets
across
10,200 deg? of sky

20 deg? from
~20 deg? from
~2 deg? from FIRST/KNOWN
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MID 55693




MID 55693
164,370 QSO target spectra




MID 55693
164,370 QSO target spectra

| 1 3,490 with reliable redshifts




MID 55693
164,370 QSO target spectra

| 1 3,490 with reliable redshifts




MID 55693
164,370 QSO target spectra

| 1 3,490 with reliable redshifts

55,626 quasars with z>2.20



— 5055 DR/Q
Schneider et al. {2010)

z2=0.05 bins
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2, redshift




— 5055 DR/Q
Schneider et al. {2010)

z2=0.05 bins
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Plate 4216 Fiber 19 MJD 55477
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2.20<2<2.30 ]
2.30<2<2.40 -
2.40<2<2.60

»

3.90<2z<4.00
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The Quasar Luminosity

Function




Cosmic backgrounds
(UV, IR, X-ray)

The Quasar Luminosity

Function

BH-Spheroid
connection Estimates for
LyAF surveys
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Richards et al.
(2006, AJ, 131, 2766)
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Stripe 82




Variability Selection
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Wide Infrared Survey
Explorer (WISE)

3.4, 4.6, 12, 22pm

0.08,0.11,1, 6 My \yright et \
All-sky wise.ssl.berkeley.edu




Coadd Coverage (frames
NCoadds = 10464, File = prelim_3x3—w1—pix.fits, Binsz = 918"
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12 (21487)
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20 (4621)
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100 ( 41)

Depth (sq. deg.s)
Equatorial Coordinates

wise?Z.ipac.caltech.edu/docs/release
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After Sloan 3: BOSS+




3,000 deg? in the Southern Galactic Cap...

..1/10%™" survey by SDSS-I/II
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Stripe 82 SDSS imaging (ugriz, i<22.75, 270 deg?)

DEEP2 and PRIMUS

VVDS
—rnmmanm Wiggle—z

+ deep VLA, ACT (S2)
+ DES (grizy)

| | BOSS (220 degz, 40,000 redshifts)
+ Herschel

CFHT imaging for lensing (170 deg?, i<23.5) (this team)
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Science Goals

® BOSS “Contingency”
» High S/N z>2.2 Quasars

® Continue to build Stripe 82 legacy




QSO BAL Spectro-variability
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Science Goals

® BOSS “Contingency”
» High S/N z>2.2 Quasars

® Continue to build Stripe 82 legacy

® Obscured (via WISE) and unobscured
QSOs down to g=23

® QSO BAL Monitoring

® Spectro-variability for point sources
(TDSS; S. Anderson P.l.)




Strengths of BOSS+

* All targeting/variability data in hand!!
e Same hardware
e Same software

e Same “peopleware” (more or less)




Conclusions

| Statistical QSO surveys came of age in 2000-08

2. Today:
i. Have unprecedented z>2 quasar dataset
being gathered via BOSS Quasar Survey
(Early) Quasar Lum|n05|ty Function key
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