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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

The Nobel Prize I Physics 2011 was dvided, one half awarded 10 Saul
Perimutier, the other half jointly 1o Bran P. Schmidt and Adam G. Riess Yor the
ciscovery of he accolvaling expansson of ihe Linkevae hvough obssvvadtions of
avstant supomovaee "




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: 2018-2022 operations
« Site selection: Mayall 4-m @ Kitt Peak
* DOE has agreed in principle to pay 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.

International Institutions: Ewha Womans University, Korea; French Participation Group;
Goettigen Univ., Mexico Participation group; Spain Participation Group; Shanghai
Astronomical Observatory, UK Participation Group; USTC China; EPFL Switzerland, & more! 8



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 foreseen for early 2015
First nght 2018

DESI has key international partners:
Australia, China, 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 107 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)

= Field of view (8 deg?)
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LRGs
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ELGs
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Expansion Rate
H(z)/(1+z) (km/s/Mpc)
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QSO Ly-alpha forest
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Simulations calculate consequences of dark physics
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Databases for Large Surveys

www.multidark.org

MultiDark Database is a public service widely used by the
community since Sept. 2011, with more than 200 users
worldwide. The data have been used in more than 40
publications. We have recently introduced new products with the
new cosmology of Planck, based on MultiDark simulations with
38403 particles. New technologies have been developed to deal
with the massive amount of data generated.

17 TB of data; 140 billions rows
1.5 millions of queries

MultiDark Database
Query the MultiDark Database

4.11.2011 - Balshoi Halo profiles now available for all snagahots. For an overview, consult the status page
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l — Pan-STARRS (grizy with variability)

Imaging options for DESI

A N SWONLIE N

SDSS imaging is not deep enough for DESI targets and does not cover
14,000 deg?.

Require deeper imaging over the 14 000 deg” DESI survey area:

— LRG: WISE + rz: r~23, z~21.5 (5sigma)

— ELG: grzto g~24, r~23.5, z~23 (5sigma), or ugr to ug~24, r~23.5
— Quasars: WISE + wig/h/z~23.5 + variabllity data

More photometric bands will minimize contaminants, making the target
selection more efficient, but is not a requirement.

Imaging Plan:(options)

- WISE (completed)

— DEcam (grz over equatorial region)
— ZTF (variability dataing & r)

- CFHT/Megacam (ugrz over Norhtern sky)
— Bok 2.3m (u over Northern sky)




Community Science

Koro

NOAO 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 Geha, Yale)
« Extragalaciic (Enc Bedl. U Mcivwgan)
« Transents (Manss Kasiwal Carmmegwe Obs |
« Défuse Moda (Jason Prochaska, UCSC)

“BigBOSS™ Community Science Committee
9 y

- Connle Rockosl & Joan Najita (co-Chairs); Caries Badenes, Jennifer
Johnson, Casey Papovich, Caty Plachowski, Greg Rudnick
- Report is public now
« hitp.//ast.noao.edu'sites/defaultfles/bigboss-csc-repont. 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 Plachowsh (Indana U, Cartes Badenes (U of Pursdurg™, Stephen Badey
(LENL), Aaren Barth (UC drvine), Rache! Beston (U of Viegnia), Enc Bell (U of
Michigan), Rebecca Bernstem (UC Santa Crur), Fuyan Ban (U of Arizona), Mchael
Barson INYU), Robert Blam (NOAD), Adam Bofton (U Utahl, Moward Bond (3750,
Mark Brodwin (U of Missownt), James Bellock (UC rvine), Jef Cartin (RP1), Ranga-
Ram Chary 1ICaech TPAL), Dot Onaleo (Wayne Stase), Michae! Cooper (UC
ivine), Jorge L. C. Cota ONN, Meaico), Marc Davis UC Berhadey), Kyie Dawson U
of Utah), Arjun Dey INOAD), Megan Donahes INSLI, Jeremy Drake ICTA), Enca
Hhagion (U Colorada), Lorenzo Faccnll (Kavii/Meling), Xiaohu! Fan (U of Arizona),
Marry Ferguson (STScH, Enc Caniser (Rutgens), Maria Ceha (Yale U), Mawre
Ciavalinco U Mass), et & (59 addniona) avthors not shown)
(Sabmtred ov | Mow ML)
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DESI Instrument

Focal Plane —

Spider Vane —
Top Ring

Corrector Barrel

Cage

Spectrograph

Stack Spectrograph

Support Equipment

. ' Mayall Telescope L -



DESI in Action!
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DESI in Action!
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Spain participation in the DESI Instrument
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IAC Contribution to DESI

* Metrology, Thermal Testing & Ahgnment
of the Focal Plate

* Integration Ring

* Actuator/Focal Plate Interface



Thank you!
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Cosmology with Galaxy Clusters in the XXI century

H @ Home

4-7 Novenbaee 2014 @ FY-UAWCSIC, Madrid, Spain
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C Wi galaxy chusters s now antering
e prechhion et We plan a confersnce with
ample dacuasion time and with an eye tothe
- fature. The confersnce main lopics sre

« Past, present & Sdture surveys: what we know

BOW, what we do Mot RNow yel, what we need o
- Rnow SO 85 use galaxy chusiers &
Fyew coamologicsl prodes
bom testesg el
] « Muthbwavelengh scaling relations for a robus!
esmmate of the chuster masses;

« Acturacy and precision In e galaxy clusier
MAsS reconsiruetion;

« Cluster simuasons.
The schenaific program consiat of invited reviews

(45+5 min). invied 1alks (25+5 min), contributed
talks (1545 min) and postecs.
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