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Qutline

® When ! - Brief history of this project
® Why ! - Science Motivation
® How ! - Targeting - SEQUELS

® Who ? - Project Organisation
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When it started !

Q\\ e-BOSS (extended BOSS)
The novel Sloan legacy cosmological survey

Q& J.-P. Kneib?, F. Abdalla?, J. Annis®, E. Aubourg®, D. Bacon®, S. Bailey®, G. Bernstein’,
@ A. Bolton®, N. Brandt?, J. Brownstein®, Y. Cai’, F. Castander'’, J. Cepa'’, J. Comparat’, R.
% Croft'?, F. Courbin®®, J.-G. Cuby’, S. Das'¥, L. Da Costa'®, A. Dey'®, A. Ealet'’, S. Escoffier’’, J.
Frieman®, S. Ho%'?, R. Kron'®, O. Lahav?, J.-M. Le Goff*, O. Le Févre', M. Limousin’, C.
Magneville’?, M. Maia'®, M. Makler'®, G. Meylan'®, P. McDonald®%?°, N. Mostek®, A. Myers®!, J.
Newman??, B. Nichol®, N. Padmanabhan®, N. Palanque-Delabrouille!?, J. Peacock®®, W. Percival®,
C. Peroux!, P. Petitjean®>, M. Pieri®, F. Prada®, J. Rich'?, E. Rollinde?®, E. Rozo'®, E. Rykoff®, V.
Ruhlmann-Kleider'?, M. Sako’, B. Santiago'®, C. Schimd?, D. Schlegel®, D. Schneider?, U. Seljak!4,
A. Slosar?®, M. Takada?®’, C. Tao'", L. Tasca', R. Tojeiro®, L. Verde®*, M. White'?, C. Yéche'?, and
I. Zehavi®®

®  April 2012: After Sloan-3 kick-off meeting at JHU

®  July 2012: Presentation of eBOSS at the SDSS-IlI+IV meeting in Rio

® Dec 2012: Collaboration meeting at CMU

® March 2013: Collaboration meeting at SHAO

®  May 201 3:Targeting meeting at NYU

®  June 2013: Parallel session on eBOSS at the SDSS-Il1+IV meeting at JHU
®  July 201 3:Targeting meeting at EPFL

® Decl2-13,2013: eBOSS review

®  March 2014:Targeting meeting - @ New-York

® September 2014: Start of the Survey
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Why eBOSS ?

® The Unique Features of SDSS & BOSS:

® Wide Field (3deg diameter), Largest Multiplexing (1000

fibers); Wide Wavelength Coverage; High Throughput;
R~2500

® Working: pipeline, archive & collaboration

® First rank science results (outcome comparable to HST!)

e SDSS/BOSS is still the BEST wide field
spectroscopy facility and organisation!

® New facilities looming! {DESI and PFS planned first light not
before 2018, but also VWeave, 4MOST, MSE}
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Size of the observable universe : 90 billion light years




Science Driver = Cosmology

What is the expansion rate of
the Universe?

oo
\\\@\\0(\ e.g. Anderson et al (2012)
O
05\\0
(\P@o X What is the expansion rate of
%«(\,ﬁo N effeC the Universe?
\‘,Paf:l\’“ e.g. Samushia et al (2012*)

Redshift-Space Distortions | How does structure form within
> this background?
e.g. Reid et al (2012)

L_| Understanding
Dark Energy

Understanding

Omoy;
o Ving Clys ter;
9o n What are the neutrino
06'/@0, masses, matter density?
5’/78@/ e.g. Zhao et al (2012%)
What is f,,;, which quantifies non-

Gaussianity?
e.g. Ross et al. (2013%)

energy-density

Understanding

Inflation
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Quasar science
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®auto-correlation of quasars

® Quasar luminosity function ik
eextend DR7 measurements to  £,|
fainter quasars
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®cross-correlation with galaxy St

samples

®Rich data set of quasar spectra

a*®
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®BH virial mass estimates

-------

e Composite spectra
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Galaxy science

*Photo-z calibration by cross-correlation GEL T ]
: eBOSS
*Important for DES, LSST I || - -
: S0
*Small-scale galaxy clustering go3l |h :
© i Low—z

.. .. . = @ Quasars i

*Halo positions and densities of galaxiesasa  §°%%}
function of properties 0.1 [ :
*Cross-correlation with Ly-& forest 0 - e Lo

. . . Redshift
*Gas & metal distribution around ELGs and

L RG S Einstein Ring Gravitational Lenses Hubble Space Telescope = ACS

*Strong lensing - v B -

J073728.45+321618.5 J095629.77+510006.6 J120540.43+491029.3 J125028.25+052349.0

ediscovery of strong lens systems from
spectra - . - .

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

*Cluster discovery and science
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. Gas that falls into a black"hole settles
.into a.so-called accretion disk. Friction
““and magnetic fields in the disk cause the

| x ‘ ;ga..s..tio heat ahd em'i{c UV and X-ray Ilight.' ' H 0 w ? W it h Q S 0 S

Measuring the distribution of

TN MOST known QSOs (~1 million)

| v using different detection techniques

SR (UV excess, WISE, variability, X-ray)
2. SR . TDSS - SPIDERS

PTF PanSTARRs - >
DR b o e L . eROSITA



L3 iy “How ? with Galaxies
Measuring the distribution of ~half a
million 0.6<z<1 LRGs and ELGs
building on new imaging surveys:

L2l - WISE for LRGs
- SCUSS and DES for ELGs

T SDSS/!

-

-_".

40 *SDSS imaging
SR o Ty LT AR it PR . LRG




Targeting LRGs with SDSS+WISE

Bolometric SEDs of luminous
red galaxies peaks at |.6pm

e Hence z~| LRGs will be
bright in WISE 3.4pum

compared to optical

e Defined selection box based
on colors of z>0.6 LRGs
observed by DEEP2 or
COSMOS (here)

* Note clean star-galaxy
separation: possible with
optical + WISE colors

r-Wise

Stars
U-B>1.2z<04 -

0.0 0.5 [.0 1.5 2.0

The eBOSS Survey
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Targeting LRGs with SDSS+WISE

>98§9 - A00f T T T T T T T T T
98@of targets yield secure : | W1 —
redshifts 3 Bxc. CMASS - --
- t/i/Wl+i1—z cut —— |
i 1/z/W1 ---.- ’
* <5% of LRG targets are stars 300 I -

e Median z=0.63, 0.65 if exclude
CMASS objects

200 |

i Can get Zmedian>0.72 |f add i'Z
cut or use pure ilz/IWI
selection, as for eBOSS 100

# of objects

-
IIIIIIII
IIIL-.

T — ——

e Both rizWize and izZWise
strategies were tested in 0 | o ottt e e o
SEQUELS, 60/deg? objects in 0.0 02 04 06 08 1.0 1.2
each category => rizWise Redshift
works better
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Targeting Emission Line Galaxies

[O11] Halpha

SFR was ~10x higher at z~1; o E
: .. : X I Blue Color ]
resulting strong emission lines =2 -
allow secure redshift MWMI ,ﬂ g
determination in ~| hour with s~
SDSS Wavelength
*Want to select objects with g . | N
highest SFRs: generally blue colors e W ’ll
*[OI1] can be detected up to z=1.7 A |1 |1
(idea”y Want higher Spectral S0 Mhotozredsnit . 0 "0 SDssgr SCUSSS-S;-SDSS * pnoz b 0% ooz
resolution than BOSS to split — T .
doublet, esp.at z > |) = | =
102 23r 3 s
*2 strategies tested, decision in E E
December 2014 o g
eKey for DESI & PFS BAO surveys ]
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Targeting Quasars

CORE selection - density & uniformity for tracer QSOs

. -
oo
® XDQSOz (extreme deconvolution) 1
Bovy et al. (2011, 2012)
- Require P(QSO, z>0.9) > 0.2 4
- Very efficient at z<2.2 . . o I“":QSIOSIDZIZ |

®  WISE (color cut)

- Forced aperture-photometry (D. Lang & D. Schlegel)
- Require SDSS - WISE > (g-1i) +3

where WISE = stack of 3.4um & 5.6 uym bands

B N SO kil R NN EA NN S N R
02 0 02 040608 1 12 14
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Targeting Quasars - Lyman-alpha

Lyo-specific selection - density {
Responsibility N. Palanque-Delabrouille
® Challenging color-selection in optical T e R e
Yéche et al. (2010) o —aonaz | B f
1t e 255}
®  40% of g<22 QSOs with SDSS-111/BOSS 2
05} 1.5_~
ROSS et al. (2012, 2013) | |
ot 0.5:"
: of
005 1 15 é._i R Y BT ézlig

® Restrict to g<22.5 point-like objects

® Variability-based selection from PTF data
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Targeting Quasars - Densities

® Two QSO categories: Tracer (0.9<z<2.2) and Lyo. (z>2.15)

CORE selection: density & uniformity
- Color selection from XDQSOz + WISE
- Target density (discarding SDSS “good” spectra): 85 deg?

Other <09
tracer QSOS
® Lyo-specific selection: density QSOs
= Variability selection from PTF
- Target density (discarding SDSS “good” spectra): 20 deg-2
® Projected density from |1 deg? pilot survey ’,
S
= Tracer QSOs: 63 deg2 (new) 66 deg? (total) o tars
QSOs
- Lya QSOS: 9 deg'2 (new) 25 deg-Z (tOtaI) ‘

- Contaminants ~50% stars, 50% other QSOs »-‘”” ‘ _ | —
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galaxy & quasar samples

Redshift range Nga BAO measurement
LRG z>0.6 350k 0.9%
ELG 0.6<z<I1.0 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% Hp constraint)
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® Samples balanced by :
® science return per spectra  Wiggle? 3 oBUSS
B SDSS-II LRG DES LSS
(faVOLI 'S LY' a quasal"S) — | ng BOSS CMASS DR9 |
o © 1 O BOSS final .
® risk (favours LRGs as S
proven with BOSS) 8 S
g o
® excitement from venturing s
into the unknown (favours o
(@]
ELGs and QSOs) = " . =
3 ¢
(] ofe g
ability to target, and Szl _
. 13} .
measure redshifts g°
?
® Often hard to apply 9
quantitative measures °
® 0 1 2 3

More in talks after coffee! .
redshift
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How? - Survey Planing

HETDEX

SEQ_

SEQUELS

4,500 sq.deg.

3,000sq.deg.

® ‘Commissioning’: SDSS- III/SEQUELS ~500 deg? of LRG and
Quasars (Jan-jul 2014)

® 7500 deg? of LRGs and Quasars (sept 2014- july 2020)
® |500 deg? of ELGs (sept 2015- dec 2017)
® including TDSS and SPIDERS sub-project.
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eBOSS Survey Design

® Observe to uniform depth — to be decided based on
redshift success rates, likely identical to BOSS

® Tile together QSO/LRG/TDSS/SPIDERS targets

® Tile together ELG/TDSS targets in 1500 sq deg region on
SGC

® Begin ELG observing in second year (2015), to allow time
for finalized target selection, and DES target testing.

® Flexible for delayed eROSITA target selection; eROSITA
data available from 2017

The eBOSS Survey Fundamental Cosmology - Fuerteventura - Jan 6%, 2014
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Projected Progress

DEC
DEC

Left: LRG/QSO/TDSS/SPIDERS Progress Right: ELG/TDSS Progress
Tiled region (black) Tiled region (black)
Completed region (red) Completed region (red)
eROSITA region (blue) eROSITA region (blue)
SEQUELS (yellow border) SEQUELS (yellow border)

The eBOSS Survey Fundamental Cosmology - Fuerteventura - Jan 6™, 2014

21



Projected Progress

Left: LRG/QSO/TDSS/SPIDERS Progress Right: ELG/TDSS Progress
Tiled region (black) Tiled region (black)
Completed region (red) Completed region (red)
eROSITA region (blue) eROSITA region (blue)
SEQUELS (yellow border) SEQUELS (yellow border)
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Projected Progress

80 vvvvvvvvv T rrryr vye€wrrr T Tyt e B Nk ey New e o g ) 80 vvvvvvvvv T rrryr vye€wrrr T Tyt e B Nk ey New e o g )
= B - B
= R - R

DEC
DEC

Left: LRG/QSO/TDSS/SPIDERS Progress Right: ELG/TDSS Progress
Tiled region (black) Tiled region (black)
Completed region (red) Completed region (red)
eROSITA region (blue) eROSITA region (blue)
SEQUELS (yellow border) SEQUELS (yellow border)
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Projected Progress

DEC
DEC

Left: LRG/QSO/TDSS/SPIDERS Progress Right: ELG/TDSS Progress
Tiled region (black) Tiled region (black)
Completed region (red) Completed region (red)
eROSITA region (blue) eROSITA region (blue)
SEQUELS (yellow border) SEQUELS (yellow border)
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Projected Progress

DEC
DEC

Left: LRG/QSO/TDSS/SPIDERS Progress Right: ELG/TDSS Progress
Tiled region (black) Tiled region (black)
Completed region (red) Completed region (red)
eROSITA region (blue) eROSITA region (blue)
SEQUELS (yellow border) SEQUELS (yellow border)
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Projected Progress

DEC
DEC

Left: LRG/QSO/TDSS/SPIDERS Progress Right: ELG/TDSS Progress
Tiled region (black) Tiled region (black)
Completed region (red) Completed region (red)
eROSITA region (blue) eROSITA region (blue)
SEQUELS (yellow border) SEQUELS (yellow border)
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Who !

email exploder: main, imaging, targeting, +4 science
working groups

® ~|50 people register to the main email exploder

Weekly telecon: on Thursdays @1 1:00am EST/17h CET

+ focussed telecons: with SCUSS, +Science Working
groups

eBOSS Wiki
regular eBOSS meetings:

® eBOSS @ SDSS meeting in Utah: July 2014
® BOSS+eBOSS meeting at APO: Dec. 2014

The eBOSS Survey
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Conclusion

® eBOSS ready to start (successful review !)

® SEQUELS almost finished: helped decided the final
LRG and QSO targeting

® Plate design for the next 6 months done
® Mock simulations in particular QSOs and ELGs
® Want to contribute!

® join eBOSS and their working groups!
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Thanks !

29



