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The Mystery of Dark Energy

The Nobel Prize in Physics 2011
Saul Perimutter, Brian P. Schmidt, Adam G. Riess

Saul Perimutter Brian P. Schmiit Adam G, Rless

Tha Nobel Prize I Physics 2011 was dvided, cne hall awarded 10 Saul
Pecimutier, the other half ointly 1o Bran P. Schmidl and Adam G. Riess Yor the
SCovry of Me ACCivaling expansson of the Linkeras thvough obsevvations of
cAstant supomovee ",




Top Scientific Objectives
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Physics of the Universe

Understanding Scientific Principles

The two highest level questions in the field are the following:

* Is cosmic acceleration caused by a breakdown of Einstein General Relativity on
cosmological scales, or is it caused by a new energy component with negative
pressure ("dark energy") within General Relativity?

If the acceleration is caused by "dark energy," is its energy density constant in space
and time and thus consistent with quantum vacuum energy or does its energy
density evolve in time and/or vary in space?




Large Survey Projects
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How to measure Dark Energy?

Baryonic Acoustic Oscillations as standard ruler
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LSS catalogs provides a picture

of the distribution of matter such that
one can search for a BAO signal by
seeing if there is a larger number of
galaxies separated at the sound horizon.




DESI gets us back on the curve
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DESI: The Ground-Based Dark Energy Experiment

»  New instrument to study dark energy
«  DESI will cover 18,000 deg? on the sky
« It will take spectra of 25 millions of galaxies and 5 millions of QSOs
»  Unprecedented volume & statistics to test for indications of new physics!
e  “Mid-scale” in time: 2019-2023 operations
« Site selection: Mayall 4-m @ Kitt Peak
* DOE + institution partners pays for the new instrument, the installation, and operations
«  DESI project will build:
A telescope corrector creating an 8 deg? FOV
5000 fiber positioners
Ten 3-arm spectrographs of medium resolution based upon the LBNL fully-depleted CCDs
(as used in BOSS and DECam)
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DESI Collaboration

US Members: Brookhaven National Laboratory, Carnegie Mellon University, Fermi National Accelerator
Laboratory, Johns Hopkins University, Lawrence Berkeley National Laboratory, National Optical Astronomy
Observatory, New York University, The Ohio State University, SLAC National Accelerator Laboratory,
University of California, Berkeley, University of Kansas, University of Michigan, University of Pittsburgh,
University of Utah, Yale University, Harvard, & more!

International Institutions: Ewha Womans University, Korea; French Participation Group; Goettigen Univ.,
Mexico Participation group, Granada-Madrid-Tenerife Participation Group; Shanghai Astronomical
Observatory, UK Participation Group; USTC China; EPFL Switzerland, & more!



DESI: Status, Progress and Plans

Announcement of Opportunity for Large Science Programs Providing New
Observing Capabilities for the Mayall 4m Telescope on Kitt Peak

Letter of intent (Lol), March 2010 = 500 nights awarded

BigBOSS CD-0 granted (Successful Review in Dec’11 by the US Department
of Energy) ,

- Science Case
- Preliminary design
- R&D

DESI CD-0 review on Septemer’14 (Conceptual Design Review) KPNO Mayall 4m

CD-1 1s coming soon by start 2015

- Complete R&D and design

- Complete cost and schedule baseline
Construction started in 2016
First nght 2019

DESI has key international partners (2010-2015):
Spain/Switzerland [robots]
Spain [focal plate]
UK [optics, fibers]




SDSS-III/BOSS DR11 results!
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DESI Design Goals

DESI measures distances
— Measure distance scale to <0.3% between 0.0<z<1.1
— Measure distance scale to <0.3% between1.1<z<1.9
— Measure the Hubble parameter to <1% inthe bin 1.9<z < 3.7
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What is DESI?

Four target classes spanning redshifts z=0 = 3.5
Includes all the massive black holes in the Universe (LRGs + QSOs)

4 million LRGs
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Summary of Science Requirements

« Target spectral features in their redshift bands
=~ Bandpass from 360 - 980 nm

« Single exposure ELG measurement at S/N > 7 for 8 x 1077 erg/sec/cm?
= Drives throughput and exposure time (nominal 1200 s using the
Mayall 4m)

« Target redshift precision, e.g., ELG [Oll] doublet resolution
= Drives spectral resolution (1500 — 4000 in ten 3-channel
spectrographs)

« Galaxy numbers and allotted survey time
= Drivers number of spectra per exposure (5000 spectra)

= Fleld of view (8 deg?)
Lyman-a forest QSO Tracer QSO LRG
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LRGs
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ELGs
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QS0s
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QSO Ly-alpha forest
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Forecast on distance scale error
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Imaging for DESI

Figure 1. The footprints of the optical imaging surveys contributing to DESI imaging, demarcated by the
thick red outlines, are shown here in an equal-area Aitoff projection in equatorial coordinates. The region

Dey et al. 2018
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OVERVIEW OF THE DESI LEGACY IMAGING SURVEYS 9
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Community Science

NOAOQO Efforts on Community Science

“BigBOSS™ Community Workshop
Held in Tucson on 13,14 Sep 2011
Attended by ~70 participants
4 break-out sessions
« Galachc (Mara Gaha, Yale)
« Extragalaciic (Enc Bell. U Mcivwan)
« Transents (Manst Kasihwal Cameowe ODs )
« Duse Meda (Jason Prochaska, UCSC)

“BigBOSS"™ Community Science Committee

- Connie Rockosl & Joan Najita (co-Chairs); Caries Badenes, Jennifer
Johnson, Casey Papovich, Caty PRachowski, Greg Rudnick
- Report is public now

« hitp.//ast.noao.edw'sites/default/files/bigboss-csc-report. pdf
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DESI bright time opportunities

100% of Mayall available in 2018+

DOE funding only for dark time operations of Key Project
Bright time opportunities: If science collab. can fund
Rich Kron charged on behalf of collab.

Addressing Decadal Survey Science through
Community Access to Highly Multiplexed
Spectroscopy with BigBOSS on the KPNO Mayall
Telescope

Cary Placnowsh (Indansa D, Cartes Badenes (U of Puradurg™), S2ephen Badey
LBNL), Aaren Barth (UC trvine), Rache! Bemon (U of Viegnia), Eric Bel (U of
Michigan), Kebecca Bernstom (UC Santa Cruz), Fuyan Ban (U of Arizona), Mchae!
Earson INYU), Robert Blam (NOAD), Adam Bolton (U Utah), Howard Bond (3TSc,
Mark frodwin (U of Missownt), James Bellock (UC Mrvine), Je® Carin (RP1), Ranga-
Ram Chary ICatech/WPAL), Daved Cinaleo (Wayne State), Michae! Cooper UC
irvine), Jorge L €. Cota ONIN, Mexico), Marc Davis 1UC Beredey), Kyle Danson U
of Urah), Arjun Dey INOAD), Megan Donahes IMSLD, Jeremy Drake ICIA), Enca
Bingion (U Colorado), Lorenzo Facowndl (Kavii/Peling), Xisohul fan (U of Arizona),
Marry Ferguson (STSc, Enc Camiser @utgens), Maria Ceha (Yale U), Mauro
Ciavalinco (U Mass), et @ (59 addmiona’ 2uthors not shown)
Sabmwrwd ov | Now 210
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DESI Instrument
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DESI in Action!
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DESI in Action!
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Spain participation in the DESI Instrument (2010-2015)

Mayall 4m Prime Focu
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500 Optic fibers
5000 Robots

A group of
19 fiber
Positioning Robots

10 Aluminum
Wedges/Petals

I llll]lﬂ,l]llﬂIllllllllll%ﬂl"llﬂll N M\\’.\\\\\ l\\\\\\\\\\\\l\\\\\ = \\
6 8 u%‘ :E i2 k " % 3
e TR e T J

New ES-CH positioner for DESI
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We create motion,) ECOLE POLYTECHNIQUE
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Thank you!
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