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Metrloni et al. 2012
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SDSS-1V surveys (2014 through 2020)

’ eBOSS,
APOGEE-2 MaNGA TDSS,
SPIDERS

\ .‘j‘SS+¢BOSSquasara‘As otic

eBOSS quasar clustering

Maps the Universe of

Maps hundreds of Maps 10,000 galaxies and quasars.

thousands of individual by salaxi .

stars in the Milky Way. nearvy galaxies. Especially quasars.
galaxy evolution & dark matter dark energy & cosmology

Michael Blanton, Center for Cosmology and Particle Physics, New York University QSDSS 7



Fund-raising

- Full six-year survey budget is -
approximately ~ $58M

- Reached a milestone in May,
funding a four-year survey (with
no second spectrograph). -

- Around $27M in institutional -
commitments already, with $7M
more in advanced drafts.

- Sloan Foundation has awarded -
$10M (first large increment
released after May milestone)

Detailed information was reported to the Advisory Council in May 2014;

Additional Sloan Foundation
grant proposal for the second
spectrograph just submitted; to
be decided by November.

DOE proposal pending

NSF Mid-Scale Innovation
Program proposal not currently
selected for funding.

Success with DOE would help
secure fifth year.

Next major goal is final year.

consult your institution’s AC rep or myself for specific questions.

Michael Blanton, Center for Cosmology and Particle Physics, New York University QSDSS



Why eBOSS

Understanding our
Cosmological world model:
®Are we Ieavmg in a Lambda-
CDM Universe? -

® What is Dark Energy?

'ODo we understand Gravitation

on Large Scales? link with DM?
eNeutrino Masses? .
eNon-Gaussianities and
_.inflationary )‘nod_els? —

Size of our

owave backgrOund Milky Way

Position of most distant

observed object (Z=10:3)

T

10 biMienf - ,icj’.;' -

years ago .

Here and today "-": '

BOSS
Most complf ce mapptng
of observed universe

sbillion '

YRS 390
10 billion .
years ago

13 billion
years ago

DEUS simulation

Size of the observable universe : 90 billion light years




Science Driver = Cosmology

What is the expansion rate of
the Universe?
e.g. Anderson et al (2012)

What is the expansion rate of

the Universe? __| Understanding

Dark Energy

e.g. Samushia et al (2012%)

How does structure form within
—>1 this background?
e.g. Reid et al (2012)

What are the neutrino
masses, matter density?
e.g. Zhao et al (2012%)

Understanding
energy-density

What is f,,, which quantifies non-
Gaussianity?
e.g. Ross et al. (2013%)

Understanding
Inflation

The eBOSS Survey Park City, Utah - SDSS-IV collaboration - July 28,2014



2" Science Driver = Quasars

10% F

®Quasar luminosity function

10(5 .

0O LSSH

0O eBOSS
0O DESI

m SDSS
BOSS

®extend DR7 measurements to

—
T

Num. Quasars
=

fainter quasars
e Luminosity dependence of bias and HOD |
®auto-correlation of quasars wl

1960 1970 1080 1990 2000 2000 2020 2030
year

® cross-correlation with galaxy samples

®Rich data set of quasar spectra
®BH virial mass estimates

® Composite spectra ol

e Synergistic surveys:TDSS & SPIDERS =

3
redshift

The eBOSS Survey Park City, Utah - SDSS-IV collaboration - July 28, 2014 8



BAO cosmology forecast

Redshift range Ngal BAO measurement
LRG z>0.6 350k 0.9%
ELG 0.6<z<I.0 190k 2.0%
QSO 0.9<z<2.2 510k 1.8%
QSO Ly-alpha 2.15<z<3.5 50k 1.1%

® eBOSS will observe multiple samples, covering a
wide redshift range

® Decrease risk, enhance science return

e BAO DETF FoM increase by a factor of ~2.2 from
BOSS to eBOSS (Assume Planck CMB
measurements, 5% Ho constraint)

The eBOSS Survey Park City, Utah - SDSS-IV collaboration - July 28, 2014



How? - Survey Planing

HETDEX

SEQUELS

SEQUELS —
Q ‘! 60°N 4,500 Sq.deg.
3,000sq.deg. : I
BOSS
° 30°N
/ \ \
\ .'
| | \‘ 0 I } | ! l l
: \~\ /
2h oh 22h 20n - f18n 16h 14h 12h 1oh  [ey’
30°S|\ / 7
‘ N
\ o?\’a(\/e

ST
® ‘Commissioning’: SDSS- III/SEQUELS ~250 deg? of LRG and
Quasars (Jan-Jul 2014)

® 7500 deg? of LRGs and Quasars (Sept 2014- July 2020)
® [500 deg? of ELGs (Sept 2015- Jan 2017)
® including TDSS and SPIDERS sub-project.

The eBOSS Survey Park City, Utah - SDSS-IV collaboration - July 28,2014 20



Footprint and Survey Design

| ® Red: QSO/LRG/TDSS/
1 SPIDERS

73 | o Yellow: ELG/TDSS targets
over part of the SGC

f | o ELG:Sept 2015- Janl7

1 @ eROSITA data available
T from 2017

20l
0 5 10 15 20 25

e Issues: too much time on the SGC to allow reaching the 7500 deg? of
LRG+QSO

® From year-5, hard to fill the Galactic transit

® Should we reconsider and adjust the time split?

The eBOSS Survey Park City, Utah - SDSS-IV collaboration - July 28, 2014 21



TS Quasars - Validation with SEQUELS

o 66 plates :
3 - PTF surface 195 deg2
66 Plates CORE targets - CORE surface 227 deg2
PTF targets Visually confirmed QSO

CORE only

PTF + CORE

PTF only

PTF only - additional
selection cuts

1

120 130 140 150 160 170 180 190 200 210
ra

[ 0.5 1 1.5 2 25 3

zScan

e SEQUELS targeting show that QSO target selection complies with SRD
e 86 deg? QSO core target => 60 deg? with 0.9<z<2.15 and 5.4 deg? with z>2.15
e 20 deg? QSO Ly-a target => at least 6.5 deg? with z>2.15

* Homogeneity of QSO core targets: (less than |15% variation)

e NGC.: 97% of the area SGC.:77% of the area

The eBOSS Survey Park City, Utah - SDSS-IV collaboration - July 28, 2014 13



& SPIDERS
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SDSS-DR2 imaging
BOSS overall survey
: eBOSS nominal :
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Early (eRASS:1-4) spectroscopic follow-up over most of the
eROSITA DE/eBOSS overlap region (2000-3000 deg?)
+ complete follow-up of RASS AGN and clusters

TIME CRITICAL: eRASS catalogs between Q1/2017 & Q4/2018

Andrea Merloni — SPIDERS SDSS-IV Meeting — 07/2014 12
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Selected from RASS and XMM-Newton
Available from start of eBOSS

Table 1: SPIDERS Tier 0. Sources’ selection criteria and target densities.

X-ray class Selection Optical Imaging # of sources SPIDERS targets Area

[deg 2] [deg~?] [deg?]
Pointlie  RASSTAIWISE SDSS DR12 3 0.7
XMMSL SDSS DR12 0.2 0.1
RASS + RedMapper SDSS DR12 (0.6)** 4.3
Extended XMM SDSS DR12 (0.03)** 0.2
Total 5.3 5250

**Number of individual clusters detected per deg?.

Andrea Merloni — SPIDERS SDSS-IV Meeting — 07/2014 13



12
RA [h]

SPIDERS Tier-1+2

X-ray sources from SRG/eROSITA All Sky Survey
Targets available for 2" half of eBOSS

Table 3: SPIDERS Tier 2. Sources’ selection criteria and target densities.
# of sources SPIDERS targets Area

X-ray class Selection Optical Imaging

[deg™?] [deg™?] [deg?]
Point-like  eRASS:4* SDSS DR12 28 17
Extended eRASS:4* SDSS DR12 (1.5)* 10
Total 27 1500

*The expected flux limits for eRASS:4 are: 1.8x101* ergs/s/cm? for point-like sources, and = 5 x 10~ for
extended sources. “*Number of individual clusters detected per deg?.

Andrea Merloni — SPIDERS SDSS-IV Meeting — 07/2014 14



@’Q Summary, Tier 0 AGN

® Candidate X-ray sources primarily from RASS
® Plus 0.2/deg? sources from XMM Slew Survey
® 2-step Bayesian association method (Salvato+ in prep)

® Priors in WISEW| and W2 derived from secure
identifications of bright XMM sources

® Associations are >90% reliable ™  ccosmisom

nSDSS—I—II—III RASS AGN

Andrea Merloni — SPIDERS SDSS-IV Meeting — 07/2014 |5



A legacy sample

Kolodzig et al. 2012

Differential Counts dN(L)/dLog,,(L)
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eROSITA AGN followup «

Number

SPIDERS
e S 5 ERASS 2 2.8E-14 erg/sec/cm? 17 < r < 22
g 0.8 f-—rmremr o r
o | Y [#] all AGN XDQSO
S 06f total 101 29 0.29
ERWAL ] fibers 69 22 0.32
= ‘o cRASS®B [o0] 0.68 0.76
& 0ol . eRASS:4 [45];

[ [deg™] all AGN XDQSO SPIDERS
oo’} total IO
5410°
4x 104 ! 3 ,

ERASS 4 1.8E-14 erg/sec/cm”, 17 <r < 22
3x10* 3
- [#] all AGN XDQSO

total 199 78 0.39
1x10* fibers 126 48 0.38

of f 0.63 0.62
16 26
[deg™] all AGN XDQSO SPIDERS
Expectation based on total SN

AGN XLF model of

observed 0.5-2 keV counts Results of BOSS ancillary survey in XMM-LSS

Andrea Merloni — SPIDERS SDSS-IV Meeting — 07/2014 17



Redshift success (BOSS)

60
551
50
45
40r

€351

3

o30r

0 |—I—H—|V_|_|_|:|—J|:—|

1 1 1 1
170 175 180 185 19.0 195 200 205 21.0 215 220 225 230

psf_r 5.0 le-14 5.0 le-13 5.0

FLUX_0.5-2keV [erg/sicm2]

Overall success rate = 82% =» Completeness = 60%
At eRASS:8 limit (10-'%) = 87% =» Completeness = 69%

At eRASS:4 limit (1.8%10-'%) = 93% =» Completeness = 78%

At eRASS:2 limit (2.8%10-'%) = 96% =» Completeness = 82%

Andrea Merloni — SPIDERS SDSS-IV Meeting — 07/2014




&' SPIDERS impact

100 FSPIDERS T3 1. The most luminous AGN,
E}%gﬁjsﬁ%figms tracers of large scale

! structure: the “quasar” mode
E of AGN feedback

3000 F

== 2000

1000

RN 2. Nearby LLAGN: the “kinetic
46 | SPIDERS i .\
F 3XMM (all sky) (radio)” mode of AGN
COSMOS+LH+CDFN+CDFS -
feedback
45 F
go 44 F
43.":'2%2 “
B In both areas, SPIDERS will
o | deliver samples ~1 order of

-0.5 0.0 0.5 0 2000 4000 6000

/ magnitude larger than
anything done before!

-2.0 -15 —-1.0
Log z
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&' SPIDERS impact
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=

ALL massive clusters

Tier—0,1,2 galaxy clusters

10.000 -

_____

All clusters
Tier 2
Tier 1
Tier O

1]

----- eRASS:8 - - - -

1.000 E

0.100

N(>M,0.1<2<0.8) per sq.deg.

0.010F

0.001

1015

~ order of magnitude increase in size among X-ray selected clusters

o - ..1.015
Cluster mass M200c (h™' Msol)

surveys with complete optical follow-up
- For clustering analysis we are limited by statistics!

- Expect A0g<0.01 Aw<0.04 (SPIDERS+Planck)

Andrea Merloni — SPIDERS

SDSS-IV Meeting — 07/2014
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&' Why SPIDERS

SPIDERS
® Spec-z needed for
® Confirmation N
® Substructure/projections Guzzo* 2009 Lt
) IR s SO
® EEERES KETEE TR &
L T Yoo M... T,
() oco :oq’ > ,:,‘;j:%"%eo
GV’ Mdyn Ci °° °e &°. v\
® 3.4LSS o
® Also
o .
BCG spectra = BCG activity = Erz) & P(k; M, 2)
® Pathfinder for wide-area MOS cluster
(and LSS) surveys (4MOST, WEAVE, Using clusters as highly-
DESI) biased tracers

Andrea Merloni — SPIDERS SDSS-IV Meeting — 07/2014 22



(,@? RASS clusters in SPIDERS/SEQUELS

(N. Clerc, A. Merloni, A. Finoguenov, J. Ridl, the SDSS

Pre-eRosita: CODEX (RASS+RedMapper)

RASS-faint sensitivity ergsls /CEZ Goal: secure spectroscopic con.ﬁr'mation of 75%
— CODEX clusters (~4,000) + statistical velocity
IRy 1€ dispersion for massive subsamples

* 0.1<2<0.6

* 0.7/deg? (richness>10)

* Median mass ~4.10"* M,

413 * Optimized selection of targets

> 17<i(2”)<21.2

» Red-sequence prioritization

» Cluster richness penalty

2e13 S

8e-13

Selected clusters, EBOSS12 area (1457.3 deg2)

e 1000 After EBOSS tosrf;:t'i:gms'cgheet:?: —_—— ]—.
5 4
n 4 800H \ . a
€3 T . From median ~2
S P \
i £ | to ~10 spec-z/
1 32 - ]
o R cluster!! :
0.122 0.124 0.126 0.128 0.130 0.132 0.13 L l "\ J
Redshift 2001 i “ ]
SDSS-1II/SEQUELS i ? e ]
li
0

351 clusters targeted! Tt TR w6 e
n torgets/cluster

Andrea Merloni — SPIDERS SDSS-IV Meeting — 07/2014



eROSITA clusters

Ngol(<i) within r200

® Velocity dispersions
® Confirmation ® ~10 members: scatter and bias
. 0 (understood with simulations)
Best: > 10 similar z .
o o ® Stacking in M (or Lx/z) >
Average: 3 similar z accurate scaling relations

¢ Ex rgtngezcase | z(BCG) ® Completeness

® X-ray selection well-handled

1 000'0 E T T T T T T T T T T T T

=0.2 — M200c= 10" h~' Msol
o 7 — M200c= 3.10™ h™' Msol

® Sampling ok if unrelated to X-
ray properties

eRASS:1—-4 clusters targeting (BOSS/eBOSS untargeted)
80 T T T T

100.0E

eRASS:1 (fiber cons.), 4.9/deg2
eRASS:1, 14.5/deq2
P eRASS 4 (fiber cons. ) 8.8/deg2

60 Ry eRASS:4, 26.3/deg2 - - - - ||

10.0E

0.1 . | . | . . . 1

24 22 20 18 16
SDSS—-i "model" magnitude

Targets (galaxies) redshift distribution (dn/dz/deg2)

Galaxy redshlft

Andrea Merloni — SPIDERS SDSS-IV Meeting — 07/2014 24



e BOSS Data Release Plan

® July 2016 (DRI13): eBOSS DRI:
e | RG+QSO targeting catalogues

e SEQUELS- designed plates (~500 deg? of LRG+QSO) - possibly
more

e July 2017 (DR14): eBOSS DR2:
® ~2,500 deg? of LRG+QSO; first Cosmology papers

e July 2018 (DR15): eBOSS DR3:~3,000 deg? of LRG+QSO
and 1500 sq degrees of ELGs; second Cosmology papers

® July 2019 (DRI16): no eBOSS Data Release

e Dec 2020 (DR17): eBOSS DR4:~7,500 deg? of LRG+QSOs
and 1500 sq degrees of ELGs; third Cosmology papers

The eBOSS Survey Park City, Utah - SDSS-IV collaboration - July 28, 2014
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Collaboration policy

SDSS-IV membership does not imply eROSITA membership/
unfettered data access

MoU between eR_DE and SDSS-1V approved

In general, both SDSS-IV and eROSITA_DE consortium rules
will be respected

Basic X-ray information (DLI) on SPIDERS targets will be
made public to the whole SDSS-IV collaboration (e.g. X-ray
position, positional uncertainty, flux). DLI products (redshift,
etc.) will be available to eROSITA _DE (on eROSITA sources)

DLI projects free to be pursued by SDSS-IV members but
notification to eROSITA_DE required and authorship offered

Use of higher level ROSITA data (DL2) requires approval
from eROSITA_ DE (working group)

Andrea Merloni — SPIDERS SDSS-IV Meeting — 07/2014
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AGN Strategy

RASS
+XMMSL

eRASS: |
eRASS:2
eRASS:3
eRASS:4

|4
20
28

|3
|7

5250

750

1500

Fall 2013 €Tier 0

End 2016
Summer 2017
End 2017
Summer 2018

€Tier |

€Tier 2

Andrea Merloni — SPIDERS

SDSS-IV Meeting — 07/2014 28



Clusters Strategy

RASS/

RedMapper - 4 (0.6) 5250 Fall 2013 €=Tier O
eRASS: | 2.6 5 (0.8) - End 2016 €T
eRASS:2 3.4 7 (1.0) summer 2017 & Tier |
eRASS:3 3.9 8 (1.2) End 2017 ,

1500 €Tier 2
eRASS:4 46 10 (1.5) Summer 2018

Within XMM-LSS cluster sample (non-SDSS spectro-z/photo-z)
Existing BOSS spectroscopy provides:

¢ ~20% with >3 spec-z agreeing with z(cluster)

. with | BCG spec-z agreeing with z(cluster)

¢ ~40% unconfirmed/ambiguous

Andrea Merloni — SPIDERS SDSS-IV Meeting — 07/2014 29



@’Q X-ray vs. optical QSO selection

35

eRASS2 17<r<22
Redshift success rate 95% ., XDQSO
T | —— T T T T T T T — o5 SPI D ERS
130 1 n
- | | ~ |
120 F~L_p n-
| LI | o 0 3
110 1 I BLAGNT1(42%) 3 z
| | I g 15
1001 1 : NLS1(32%)
9of 1 ! Unck-%(3%) n . —
B | 1 o, mn '<'\<>\
. 80 | | Type2 (19%) e —
) 70 —k =1 0
) e | 0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9
60 - rs 2% lower XDQSO probability treshold
50 - I i ik *
& -
sk —_— ! XDQSO eRAss4 17<r<22
— =1 *
30 | SPIDERS
—1_ »
20 [
— L % 2
10[ | g ]
0 == g 15 o //‘”’“"/‘H/A’/‘
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 . \\\N
10 =]
5 SPIDERS e
Menzel et al. in prep. T e
lower XDQSO probability treshold
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3rd Science Driver = Galaxies

. . . 1T 1 T 1 I L ] LI B B | ] 1T U 1.
*Photo-z calibration by cross-correlation R S ki
E eBOSS |
eImportant for DES, LSST oal |l o
Ohall: ELGs ]
*Small-scale galaxy clustering 5o i i
0 0.3 - = —
.. .. . . b B L Quasars
eHalo positions and densities of galaxies as a function s | Low-z . :
of properties 5020 |l
*Cross-correlation with Ly-& forest o1fF T
eGas & metal distribution around ELGs and LRGs o Eodl Moc o ;| ’_
0 1 2
eStrong lensing Redshift

ediscovery of strong lens systems from spectra

Einstein Ring Gravitational Lenses Hubble Space Telescope = ACS

*Galaxy Clusters discovery and science (Synergy with SPIDERS) & | ; " a

JO73728.45+3216185 |  J095629.77+510006.6 J120540.43+491029.3 J125028.25+052349.0

Check plenary presentation
by Zheng Zheng tomorrow

» @ - e

J140228.21+632133.5 J162746.44-005357.5 J163028,15+452036.2 J232120,93-093910.2

NASA, ESA, A Bolton (Harvard-Smithsonian CfA), and the SLACS Team

The eBOSS Survey Park City, Utah - SDSS-IV collaboration - July 28, 2014 9



Discovery space

Radio [I.4 GHz] ~1200
IR color ~200-1000
Opt. QSO color  ~150
X-ray 0.5-2 keV ~ ~20,000
X-ray 2-10 keV  >10,000

X-ray 10-200 >0.03
keV

~100 1)y

50-100 1 Jy

4]y
(r~22.4)

5x10-'8 cgs

~10'8 cgs

4

10 1)y
15 1Ly
~20 n)y
(r~28)

10-'7 cgs

4x10"'7 cgs

2.5 mly 30,000 [NVSS]

0.1 mjy 41,251 [WISE]

4y ~10,000 (SDSS)

(r~22.4)

3x10"3 cgs 41,251
(ROSAT)

~10-'2¢gs  ~15,000
(XMMSL)

1.3x10"" cgs 41,251 (Swift)
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