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What is the LSST? 

•  The LSST will be a large, wide-field ground-based telescope 
designed to provide time-lapse digital imaging of faint astronomical 
objects across the entire visible sky every few nights. 

•  LSST will enable a wide variety of complementary scientific 
investigations, utilizing a common database.  These range from 
searches for small bodies in the solar system to precision astrometry 
of the outer regions of the galaxy to systematic monitoring for 
transient phenomena in the optical sky.   

•  Of particular interest for cosmology and fundamental physics, LSST 
will provide strong constraints on models of dark matter and dark 
energy through statistical studies of the shapes and distributions of 
faint galaxies at moderate to high redshift, and the detections of 
large numbers of Type Ia supernovae. 



Astro2010 ranked LSST as the highest priority 
ground-based facility for the next decade 

 
•  “The top rank accorded to LSST is a 

result of (1) its compelling science 
case and capacity to address so many 
of the science goals of this survey and 
(2) its readiness for submission to the 
MREFC process as informed by its 
technical maturity, the survey’s 
assessment of risk, and appraised 
construction and operations costs. 
Having made considerable progress in 
terms of its readiness since the 2001 
survey, the committee judged that 
LSST was the most ‘ready-to-go.’” 



The LSST Science Book lays out the 
broad and diverse science case. 

•  Contents: 
–  Introduction 
–  LSST System Design 
–  System Performance 
–  Education and Public Outreach 
–  The Solar System 
–  Stellar Populations 
–  Milky Way and Local Volume 

Structure 
–  The Transient and Variable Universe 
–  Galaxies 
–  Active Galactic Nuclei 
–  Supernovae 
–  Strong Lenses 
–  Large-Scale Structure 
–  Weak Lensing 
–  Cosmological Physics 
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Summary of High Level Requirements 

Survey Property Performance 

Main Survey Area 18000 sq. deg. 

Total visits per sky patch 825 

Filter set 6 filters (ugrizy) from 320-1050nm 

Single visit 2 x 15 second exposures 

Single Visit Limiting 
Magnitude 

u = 23.9; g = 25.0; r = 24.7; I = 24.0; z = 23.3;          
y = 22.1 

Photometric calibration < 2% absolute, < 0.5% repeatability & colors 

Median delivered image 
quality ~ 0.7 arcsec. FWHM 

Transient processing latency < 60 sec after last visit exposure 

Data release Full reprocessing of survey data annually 



LSST Will be Sited in Central Chile 
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The dome and facility design minimizes 
dome seeing. 

•  Design is well advanced. 
•  ARCADIS Chile has delivered the 50% 

package. 
•  Internal and external reviews 

conducted. 
•  90% package due this year. 
•  One 3 month phase from a full 

procurement package. 

After ~4,000 kg of explosives and ~12,500 
m3  of rock removal, Stage I of the El 
Peñón summit leveling is completed. 

−  Non-Federal funds. 
−  5 month, $1.3 M effort to 

level the site “completed.” 
−  No surprises! 



The	  modified	  Paul-‐Baker	  op3cal	  design	  provides	  
a	  large	  field	  of	  view	  with	  high	  image	  quality.	  



The telescope mount has been optimized 
for fast slew and settle. 

•  Points to new positions in the sky 
every 37 seconds 

•  Tracks during exposures and 
slews 3.5° to adjacent fields in ~ 4 
seconds  



The	  3.2	  billion	  pixel	  camera	  enables	  a	  9.6	  
square	  degree	  field	  in	  a	  3ght	  enclosure.	  

Filter 
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ImSim Description 11 

An	  high	  fidelity	  photon	  by	  photon	  simulator	  enables	  
detailed	  quan3ta3ve	  inves3ga3ons	  	  of	  image	  systema3cs.	  	  



LSST and Dark Energy 

•  The only observational handle that we have for understanding the 
properties of dark energy is the expansion history of the universe itself.  
This is parametrized by the Hubble parameter: 

 

•  Cosmic distances are proportional to integrals of H(z)-1 over redshift.  We 
can constrain H(z) by measuring luminosity distances of standard candles 
(Type 1a SNe), or angular diameter distances of standard rulers (baryon 
acoustic oscillations). 

•  Another powerful approach involves measuring the growth of structure as a 
function of redshift.  Stars, galaxies, clusters of galaxies grow by 
gravitational instability as the universe cools.  This provides a kind of cosmic 
“clock” - the redshift at which structures of a given mass start to form is 
very sensitive to the expansion history. 
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Cosmic Shear Tomography 



Galaxy Auto and Cross Power Spectra 
with Baryon Acoustic Oscillations 



Type 1A Supernova Lightcurves 

Main Survey Deep Drilling Fields 



Separate and Joint Constraints on the 
Dark Energy Equation of State 



LSST has now passed a number of key reviews. 

•  Project reviews (technical, management, cost) 
        (a sele 

–  NSF Conceptual Design Review – 2007 
 

–  NSF Preliminary Design Review – September 2011  
“The Panel considers that the LSST Project has met the 
requirements for PDR.” 
 

–  DOE CD-1 review of the LSST camera – November 2011 
The Project met all the CD-1 requirements “and in some areas has 
even significantly exceeded them.” 
 

–  Joint NSF/DOE Interface and Management Review – May 2012 
“… very pleased by the quality of the work presented by the staff, 
their ability to do additional analysis very quickly when required, 
and the general state of development of the design and supporting 
analytical studies.  The LSST team has met the expected standards 
for this review.” 



Recent Progress:  Fully functional 
prototype sensors received and tested. 



Recent Progress:  M1/M3 nearing 
completion. 



Recent Progress:  Bids received for M2 
fabrication. 



Recent Progress:  90% package complete 
for summit facility. 



Recent Progress:  SDSS stripe 82 
processed in summer 2012 data challenge. 



Project timeline enables “first light” in 
2019. 

DOE CD-3a: 
authorization for long-

lead procurement NSF Final 
Design 
Review 



Summary 

•  The LSST will be a world-leading facility for astronomy and cosmology.  A single 
database will enable a large array of diverse scientific investigations.  The project has 
broad support in the astronomy community, and it is therefore a key component of 
NSF’s long-term plan for the field. 

•  LSST will measure properties of dark energy via weak lensing, baryon oscillations, 
Type 1a supernovae, and measurements of clusters of galaxies.  It will test models of 
dark matter through strong lensing.  No other existing or proposed ground-based 
facility has comparable scientific reach. 

•  The synergy in technical and scientific expertise between the astronomy and HEP 
communities will be essential to the project’s success. 

•  A detailed initial design is in place for all major components of the system.  With 
appropriate funding from NSF and DOE, the project is on-track to achieve first light in 
2019. 


