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Planck 2013 @ z~1100
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BOSS 2012 @ z~0.57
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BOSS: Baryon Oscillation Spectroscopic Survey

3rd Generation of
Sloan Digital Sky Survey

Spectra of:

= 1.5M galaxies
= 160k quasars

2.5m telescope at
Apache Point Observatory

Improvements from SDSS-| & |l

= More sky area (7600 — 10800 deg?)

= Deeper redshifts (z~ 0.5 — 0.7)

= Better instrument throughput

= Denser sampling (640 — 1000 spectra per exposure)

Stephen Bailey — LBNL 6



BOSS BAO Key Project

BOSS QSOs @ z > 2.1 . y
160,000 See Graziano Rossi’s
e talk about QSO/Lya BAO

(sparse map)

BOSS galaxies
1.5 million
(dense map)

SDSS DR7

o
Redshift z

Not covered today:

— Redshift space distortions
— Ngutrino masses
—Astronomy

/_\«\3 [}

Figure: Michael Blanton




Plate Plugging

= 3° diameter FOV

= Fach field has a unique plate
drilled with target positions

= 1000 fibers per plate
plugged by hand

Stephen Bailey — LBNL



Plates are mounted
on carts & changed
for each field

Up to 9 fields per night

~2200 fields in full survey




BOSS Data

1000 spectra at a time
= 500 per spectrograph, 2 channels covering 3600A — 10000A

= ~5 exposures X 15 minutes each
—Repeat exposures until enough S/N

Quick extractions for quality control within a few minutes
= Dynamically adjust number of exposures to match conditions

Full extractions daily
= Raw data — spectra — classification, redshift
= Starts within 15 minutes of data arriving

SDSS Data Releases each year ~3/4 of papers on SDSS
= DR9 : July 2012, ~1/3 of BOSS data data are not from the SDSS
= DR10 : July 2013, ~2/3 of BOSS data collaboration. This is good!
= DR11, DR12 : December 2014 sdss3.org/dr10

Stephen Bailey — LBNL 10



Data Release 9: July 2012

Current BOSS papers based upon this dataset

2011-08-01

Stephen Bailey — LBNL



Data Release 10: July 2013

Data released 2 days ago;
still working on the science papers...

2012-08-01
DR10
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Data Release 11: Dec 2014

Data already taken and processed:

BOSS results this fall will be DF

2013—-05-22

10+DF

11 results

BOSS is on schedule to finish early (~Feb 2014)

Stephen Bailey — LBNL



~1/3 of BOSS Data

Anderson+ 2012
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~1/3 of BOSS Data

Anderson+ 2012
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BAO Hubble Diagram
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Slight Tension with WMAP
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Excellent Agreement with Planck

(too bad...)
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Cosmological Leverag
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Cosmological Leverag
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Cosmological Constraints
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Reconstruction 101 Nikhil Padmanabhan

NP et al, 2012

N. Padmanabhan (Yale) Are we there yet? July 15, 2013 9 /40



Nonlinear Evolution Reconstruction
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Nonlinear Evolution Reconstruction

Reconstruction 101
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Reconstruction 101 Nikhil Padmanabhan
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BAO Reconstruction
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Survey Geometry & Reconstruction

2011-08-01

DR9

Filling in the hole
significantly reduces
edge effects in
reconstruction

Stephen Bailey — LBNL 26



BAO Systematics

BAO famous as the method with
lowest systematics

= Easy to mess up broadband shape, but
= Hard to make or move a bump

Good news: Systematics matter

= Measurements are getting so precise,
systematics now matter!

m Reconstruction removes a ~0.5% bias

= Ross+ 2012 details many targeting & instrumental effects

Well under control, but require attention

Redshift failures vs.

120

focal plane location
(scale: 0 — 12%)
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3D BAO
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3D BAO

Parallel to line of sight:
H(z) — expansion of universe
Perpendicular to line-of-sight:
Da(z) — distance

observer

Already standard for
Lyman-alpha analyses;
Coming to the galaxy
analyses this fall (?)

TH(Z) —

Graphics compliments of D. Kirkby, UC Irvine



BOSS Summary

On track to finish early (~Feb 2014)

= 1.5M galaxies
= 160k quasars

O(1%) BAO measurement at z=0.6

Analyses this fall on DR10 (2/3) and DR11 (90%)

= Galaxy BAO
— Spherically averaged (like current results)
— Full 3D fit to separate da(z) from H(z)
= | yman-alpha BAO
— Fully 3D from the beginning
— See Graziano Rossi’s talk

Stephen Bailey — LBNL
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eBOSS: Extending BOSS 2014 — 2020

Same hardware, different targeting & survey strategy

BOSS QSOs @ z > 2.1
160,000
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Current & Future BAO experiments

—_—

Telescope 2.5m 2.5m
Imaging survey SDSS SDSS, DES
Redshift 0.2<z<0.7 0.6<z<3.5
Number density 150 deg 180 deg
Exposure time 80 minutes 80 minutes
Sky coverage 10000 deg? 7500 deg?
Field-of-view 6.7 deg? 6.7 deg?
Number of fibers 1000 1000
Wavelength range 360-1000nm 360-1000nm
Spectral resolution 1600-2600 1600-2600
Target galaxies LRGs+Lya QSOs LRGs+ELGs+QSOs
FOM BAO gal.+Lya QSOs 21 ~45

x10

-2014) | e-BOSS (2014-2020) DESI

4m @KPNO

/ZTF, DEcam, CFHT?
0.2<z<3.5

2800 deg

10-15 minutes
14000 deg?

6.7 deg?

5000

360-1000nm
2300-5000
LRGs+ELGs+QSOs

~140

Jean-Paul KNEIB (EPFL) - DESI - Berkeley July, I5th 2013 5



BOSS  Pprgject Name Etymology

Baryon Oscillation
Spectroscopic Survey

2%:4: Sta:ne intstrument, x Dark Energy Survey
ifferent targets
eBOSS P | for 2018
. roposal for ;
Extending BOSS Photo —> Spectro
Survey at Blanco
Proposal for 2018: x
New instrument,
different telescope D ES peC

Dark Energy Spectrograph

MS-DESI

Mid-Scale Dark Energy Spectroscopic Instrument

l Easier to say

DESI

Dark Energy Spectroscopic Instrument



Mayall Telescope @ Kitt Peak

4-m primary

Stephen Bailey — LBNL
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Mayall Telescope In 5 Years

5000 fiber DESI Design is
positioners on SDSS-inspired:
1-m focal plane simple, high-throughput

Corrector
lenses
3° FOV

5000 fibers

10 spectrographs
X 3 channels each
3600 — 9800 A

——

Stephen Bailey — LBNL
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5000 fibers x 50 fields per night?

(vs 1000 x 9 fields for BOSS)

= Hand plugging custom drilled plates
won't scale

= Need to move to robotic positioners

Stephen Bailey — LBNL
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5000 Fiber Positioners

Multiple options under R&D
— UTSC (China), IAA Granada (Spain), AAT (Australia), LBNL (USA

Comparison Testing @ LBNL

1 meter

Stephen Bailey — LBNL
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LAMOST 4000-fiber Positioner

Valuable lessons learned for developing 2nd generation fiber system

Stephen Bailey — LBNL



DESI Comparison to EUCLID+
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BAO Today
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BAO With DESI

~20 measurements better than 1% from 0.0 <z < 3.5
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Current & Future BAO experiments
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