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The Mystery of Dark Energy 

Accelerated expansion of the Universe 
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Top Scientific Objectives 

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?  



SDSS-
IV 

Large Survey Projects 

COre/PRISM Euclid 

Planck 

eRosita 



Baryonic Acoustic Oscillations as standard ruler 

How to measure Dark Energy? 

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. 
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DESI: The Ground-Based Dark Energy Experiment 

•  New instrument to study dark energy 
•  DESI will cover 18,000 deg2 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! 
•  “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 deg2 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! 

1st DESI Collaboration Meeting, July 15 - 18, 2013 
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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 (LoI), 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) 
•  CD-1 is coming soon by start 2015 

- Complete R&D and design 
- Complete cost and schedule baseline 

•  Construction foreseen for early 2015 
•  First Light 2018 

KPNO Mayall 4m 

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 

HST Key Project, 10% error 

SDSS-II + 2dFGRS + 6dFGS BAO 

WiggleZ BAO 

BOSS (in progress) 

DESI 

Planck 

z=1000 
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DESI Targets 

DESI 

4 million LRGs 
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Summary of Science Requirements 
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Lyman-α forest QSO Tracer QSO LRG ELG 
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LRGs 
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ELGs 
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QSOs 
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QSO Ly-alpha forest 
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DESI on the Hubble Diagram 



Forecast on distance scale error 

Proyecto Status 
SDSS-III/

BOSS 
2009-2014 

SDSS-IV/
eBOSS 

2014-2020 

Euclid 2020-2027 
DESI 2018-2022 

“Sistemáticos Teóricos” 
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Madrid-Potsdam Collaboration 

Simulations calculate consequences of dark physics 



www.multidark.org 

Databases for Large Surveys 

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. 

New  
opportinities 

17 TB of data; 140 billions rows 
1.5 millions of queries 
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Imaging options for DESI 

_ Pan-STARRS (grizy with variability)!

(options)!
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Community Science 
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Focal Plane

Spectrograph 
Stack

Corrector Barrel

Cage

Spectrograph 
Support Equipment

Fiber 
Bundles

Top Ring
Spider Vane

Mayall Telescope!

DESI Instrument 
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DESI in Action! 

Focal Plane Patrol discs layout 
 
 
 
 
 
 
 
 
 



27 

DESI in Action! 
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Primary mirror 

Spectrograph 
(10 × 3-arms) 

Mayall 4m  
Telescope 

Prime Focus 
Instrument 

Spain participation in the DESI Instrument 

Fibers 
System  
(yellow) 

New ES-CH positioner for DESI 

Focal Plate Demonstrator as being built! 



IAC Contribution to DESI 
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•  Metrology, Thermal Testing & Alignment 
     of the Focal Plate 
•  Integration Ring 
•  Actuator/Focal Plate Interface 
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Thank you! 


