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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. 



Recent Astro2010 Endorsement 

•  LSST ranked as the highest priority 
large 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 

•  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 



Progress with Federal Funding 

•  LSST has been proposed as an interagency initiative, with NSF 
funding the development of the site facility, the telescope, and the 
data management, and with DOE funding the development of the 
camera. 

•  NSF held a Preliminary Design Review in early September of this 
year.  DOE held a “Critical Decision 1 Review” just last week. 

•  In both cases, the reviews were very successful, and the agencies 
are now planning to request funding for the project with a 
construction start in 2014 and “first light” in 2019. 
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LSST Will be Sited in Central Chile 
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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! 



Modified	  Paul-‐Baker	  Op2cal	  Design	  



Telescope Mount 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  



3.2	  Billion	  Pixel	  Camera	  
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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 



Galaxy Auto and Cross Power Spectra 
with Baryon Acoustic Oscillations 



Type 1A Supernova Lightcurves 

Main Survey Deep Drilling Fields 



Strongly Lensed Supernovae 



Separate and Joint Constraints on the 
Dark Energy Equation of State 
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A new philosophy for survey development and 
optimization is through high fidelity simulations  

Components: 
Survey strategy 
Source catalogs 
Images 
Processing and data analysis 
Capability of testing end-to-end science 
 Algorithms and testing systematics: 
Source detection and image subtraction 
Source classification 
Photometric calibration  
Scalability of algorithms 

Preparing and optimizing a survey 
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We have not yet formed a formal “DE 
Collaboration” for LSST – Why not? 

•  As an interdisciplinary/interagency project, LSST faces a number of 
challenges that are not usually encountered with traditional HEP projects: 

–  There are significant cultural differences between the astronomy and particle 
physics communities.  Particle physicists tend to work in large collaborations 
with all-inclusive authorship policies.  Astronomers tend to work individually, 
with a small number of authors on papers. 

–  The LSST database will be open to the US and Chilean communities, and 
selected other foreign collaborators.  Particle physics collaborations have 
always maintained proprietary data policies. 

–  NSF-AST does not traditionally provide significant grant funding for 
astronomers to participate in collaborations “preparing” for analysis of data 
from projects in development.  DOE-HEP and NSF-Physics do support efforts 
of this kind. 

–  For NSF, LSST is a “facility”, designed and built to provide “data products” to a 
broad community.  Scientific investigations are performed by the community, 
not delivered by the Project.  For DOE, LSST is a “experiment”, which is 
expected to produce scientific papers contributing to our understanding of dark 
energy.  Science is part of the Project. 



Nevertheless, the LSST Project has 
formed Science Collaborations 

•  Supernovae (M. Wood-Vasey, R. Kessler) 
 
•  Weak Lensing (D. Wittman, B. Jain) 

•  Stellar Populations (K. Covey, K. Olsen) 

•  Active Galactic Nuclei (N. Brandt) 

•  Galaxies (H. Ferguson) 

•  Transients/Variable Stars (L. Wolkowicz, 
J. Bloom) 

•  Large-Scale Structure/Baryon 
Oscillations (E. Gawizer, H. Zhan) 

•  Milky Way and Local Volume Structure 
(B. Willman, M. Geha) 

•  Strong Lensing (P. Marshall) 

•  Informatics and Statistics (K. Borne) 

•  These are quasi-independent 
organizations, with their own policies 
and procedures. 

•  Their purpose is to: 
–  Provide input to the LSST design. 
–  Develop and participate in precursor 

studies exploring LSST science. 
–  Develop and document the science 

opportunities for LSST. 
–  Lay the groundwork for large-scale 

science analyses. 
–  Participate actively in the 

commissioning of the telescope. 

•  The Science Collaborations do not 
receive significant funding from the 
Project. 



Need for a formal “LSST Dark Energy 
Collaboration” 

•  The existing science collaborations have proven useful in helping us to assess the 
capabilities of LSST for DE investigations, but their informal structure and support will 
make it difficult for us to develop the organization required to “guarantee” that the 
required preparations for DE science will be made prior to the onset of operations. 

•  Key activities that require significant effort over the next few years include: 
–  Further development of the LSST Simulator, and performance of a large suite of simulations 

to refine our understanding of systematics. 
–  Algorithmic development and testing in support of data management. 
–  Production of Level III software to enable the broad scope of dark energy analyses. 
–  Development of a computing model for DE analyses. 
–  Coordination of precursor and ancillary observations as required. 
–  Engagement with the theoretical cosmology community to ensure that relevant theoretical 

uncertainties are addressed on a timescale commensurate with the first analyses of LSST 
data. 

•  We envision forming a traditional “HEP style” collaboration to accomplish these tasks.  
While the primary data products will remain open to the community, the analysis 
products produced by the collaboration will remain proprietary prior to publication. 



DOE/HEP-supported groups that have expressed 
their interest in joining this collaboration 

•  Brookhaven National Laboratory 
•  Fermi National Accelerator Laboratory 
•  Harvard University 
•  Lawrence Livermore National Laboratory 
•  Ohio State University 
•  Purdue University 
•  SLAC National Accelerator Laboratory 
•  University of Arizona 
•  University of California, Davis 
•  University of California, Irvine 
•  University of California, Santa Cruz 
•  University of Illinois 
•  University of Pennsylvania 
•  University of Pittsburgh 
•  University of Washington 
•  + … 
 

The collaboration will also 
include foreign groups 
(e.g. IN2P3), and possibly  
groups supported by existing 
NSF grants. 
 
U.S. groups requiring “new 
funding” will be assessed for 
the key capability they bring to 
the collaboration. 



LSST Dark Energy Science Center 

•  The LSST Archive Facility and Data Access Centers are sized to support a wide 
range of user queries from the community.  However, this sizing estimate was not 
based on specific science analyses.  It is likely that the full range of analyses required 
for dark energy investigations will exceed the capacity available on those facilities. 

•  In order to guarantee that the required compute resources are accessible, we are 
therefore planning to establish an LSST Dark Energy Science Center.  This facility 
could be hosted by one or more of the DOE laboratories, or possibly at a participating 
university. 

•  The Dark Energy Science Center will also facilitate collaboration meetings, and allow 
for short and medium term visits by collaboration members to facilitate interactive 
science analyses. 

•  A tentative budget to support the Dark Energy Science Center has been included in 
the notional budgets for LSST operations that we have given to DOE. 



Next Steps 

•  We plan to hold a “kick off” meeting for the Dark Energy 
Collaboration sometime this winter.  

•  Once formed, the collaboration will issue a “white paper” indicating 
the scope of work that is envisioned for the construction period, 
along with institutional assignments against the specific tasks. 

•  This will not be a “proposal” – we expect the individual groups to 
propose on their own for the funding they require to accomplish 
those tasks. 

•  However, we expect that DOE-HEP will find the white paper useful 
in evaluating how those individual proposals fit in to the larger plan 
for dark energy science with LSST. 



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. 


