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 A catalog of 17 billion stars and 20 billion galaxies with   
exquisite photometry, astrometry and image quality!

   More information 
at www.lsst.org

and arXiv:0805.2366

LSST in one sentence:                     
An optical/near-IR survey of half the 
sky in ugrizy bands to r~27.5 based 
on 1000 visits over a 10-year period:
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3.2 Billion Pixel Camera, 10 sq.deg Field

Filter

L1 Lens

Utility Trunk—
houses support 
electronics and 
utilities

Cryostat—contains focal 
plane & its electronics

Focal plane

L2 Lens

L3 Lens
1.65 m 
(5’-5”)



21 “rafts” 

9 CCDs per raft 

21 science rafts, 189 4K x 4K CCDs



LSST six color system
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Includes sensor QE, atmospheric  
attenuation, optical transmission functions
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Data Management must transport, process, archive and serve 15 Tb of raw 
data / night – 500Pb in 10 years 

Petascale Database Design

Petascale Computing Design
Algorithm Design

Gigascale Network 
Design



Summit Site 
Summit Facility 

Telescope and Camera 
Data Acquisition 

Crosstalk Correction

Data Management Sites and Centers

Base Site 
Base Facility  

Long-term storage (copy 1) 
Data Access Center 

Data Access and User Services

HQ Site 
HQ Facility 
Observatory Management 

Science Operations 
Education and Public 

Outreach 

French Site 
Processing Center 
Data Release Production Archive Site 

Archive Center 
Alert Production 

Data Release Production 
Calibration Products Production 

EPO Infrastructure 
 Long-term Storage (copy 2) 
Data Access Center 

Data Access and User Services
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Main Survey Sky Coverage: number of visits

5000 sq.deg per night



13

LSST surveys entire  sky south of +5
Ο
 dec  

with rapid 10 sq.deg exposures

TWO PLANNED SURVEYS: 

MAIN SURVEY 
Deep Wide Survey:  18,000 square degrees to a uniform depth of 
                                   u: 26.1 g: 27.4  r: 27.5  i: 26.8  z: 26.1  y: 24.9 

DEEP DRILLING SURVEY 
10% of time:          ~20 selected fields.  300 square degrees 
                                 Continuous 15 sec exposures.  1hour/night 

Most of sky covered over 800 times with 30s visits.  Alerts on 
transient objects released worldwide within 60s. 



LSST Wide-Fast-Deep survey 

A survey of 37 billion objects  
in space and time 

Each sky patch will be visited over 800 times:  
30 trillion measurements 
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                   LSST From the User’s Perspective

− A stream of ~1-10 million time-domain events per night, 
detected and transmitted to event distribution networks within 
60 seconds of observation. 

− A catalog of orbits for ~6 million bodies in the Solar System. 

− A catalog of ~37 billion objects (20B galaxies, 17B stars), ~7 
trillion observations (“sources”), and ~30 trillion measurements 
(“forced sources”), produced annually, accessible through online 
databases. 

− Deep co-added images. 

− Services and computing resources at the Data Access Centers to 
enable user-specified custom processing and analysis. 

− Software and APIs enabling development of analysis codes.

Level 3
Level 1

Level 2



Alert Rate

In ten minutes time the LSST transient pipeline is 
likely to issue ~80,000 alerts at 5σ. 

While most of these will be moving objects, perhaps 
several thousand will be flaring objects or bursts.  
Possibly new kinds of objects! 

Clearly any followup requires high purity samples. 
What is needed then is highly trusted event 
classification. FAST
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17Rau et. al. 2009 

unexplored
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LSST Services in Support of Level 1

− Forced Photometry (“Precovery”) Service 
– Automatically perform and make available forced photometry at the 

position of all newly detected sources, on imaging acquired over the 
preceding 30 days 

– On request, for a limited number of positions perform and make available 
forced photometry on all imaging overlapping that position 

– Turnaround on a ~day timescale. 

− Alert generation service 
– Package and transmit all alerts to community-supported alert distribution 

networks 

− Limited end-user alert stream subscription and filtering service 
– Individuals will be able to subscribe to receive a small (~20) number of 

alerts per visit, filtered based on user-specified criteria 
– Limited functionality: no classification, not planning to cross-match to 

external catalogs, etc. 
– We expect the community will provide sophisticated event brokers with 

classification engines, cross-match capabilities to other catalogs, etc.

More Information: LSST DPDD; http://ls.st/
dpdd

http://ls.st/dpdd
http://ls.st/dpdd
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     LSST unique contribution:  t < t0  information

LSST will have the time history of 37 billion objects in the 
database.  Transient phenomena may exhibit precursor 
activity: 

1. Use as Bayesian prior in classification post-alert 

2. Treat as part of the “light curve.”   27th –> 24th mag. 

3. Catch interesting objects on their way up. Issue pre-alerts. 
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DARK ENERGY
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COSMIC TIM
E

Measure position and 
shape of 4 billion galaxies
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Testing general models of dark energy

Zhan et al, 2009

Growth factor

comoving 
 distance



Multiple LSST probes of dark energy

➢ Use the same 
LSST survey data 
products 

➢ Analyzed for 
different signals 

➢ Multiple cross 
checks 

➢ Combination is 
far more 
powerful than 
root sum of 
squares

Primary LSST probes

Weak Lens shear cross correlation tomography 
Weak Lens magnification tomography ✓
2-D Baryon Acoustic Oscillations ✓
Supernovae ✓
Shear peak statistics ✓
Galaxy cluster counts ✓

Secondary LSST probes
Time domain tomography of QSOs and AGNs ✓
Anisotropy of WL+BAO and SN signals ✓

New Energy or New Gravity? ✓

Maximally sensitive 
to new physics



Oct   
2019

Mar  
2020

Aug  
2020

Camera ready  
for integration

ComCam dewar

Commissioning

Data Management development

Oct  
2022

ORR

Early I&T  
Complete

ComCam 
support

Camera Construction, shipping, prep for installation

Telescope construction and integration

ComCam

Aug 
2021

Early ORR

NSF MREFC Start 
August  2014

     Integrated Schedule

Camera 
support

Sci. Ver. 
support

Commissioning 
Start
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Useful links for information and participation.

LSST Project Website project.lsst.org
LSST Community Forums community.lsst.org
Science Collaborations www.lsstcorporation.org/science-collaborations
Observing Strategy White Paper github.com/LSSTScienceCollaborations/ObservingStrategy
The 2016 LSST Project and Community Workshop project.lsst.org/meetings/lsst2016 (slides available) 
Deep Drilling Fields Whitepapers https://project.lsst.org/content/whitepapers32012

Science Drivers to Reference Design (Ivezic et al. 2008; arXiv:0805.2366; Version 4 updated in 2014) 
LSST Science Requirements (LPM-17) https://docushare.lsstcorp.org/docushare/dsweb/Get/LPM-17 
LSST Data Products Definitions (LSE-163) https://docushare.lsstcorp.org/docushare/dsweb/Get/LSE-163 
LSST DM Applications Design (LDM-151) https://docushare.lsstcorp.org/docushare/dsweb/Get/LDM-151

LSST Github Repositories github.com/lsst
LSST Software User Guide (The Stack) confluence.lsstcorp.org/display/LSWUG/LSST+Software+User+Guide

LSST Data Science Fellowship Program for Students 
ciera.northwestern.edu/Education/LSSTC_DSFPOverview.php

Maximizing Science in the Era of LSST: A Community-based Study of Needed US OIR Capabilities 
noao.edu/meetings/lsst-oir-study

http://www.lsstcorporation.org/science-collaborations
http://www.lsstcorporation.org/science-collaborations
http://www.lsstcorporation.org/science-collaborations
http://www.lsstcorporation.org/science-collaborations
http://www.lsstcorporation.org/science-collaborations
http://www.lsstcorporation.org/science-collaborations
http://www.lsstcorporation.org/science-collaborations
http://www.lsstcorporation.org/science-collaborations
http://www.lsstcorporation.org/science-collaborations
http://www.lsstcorporation.org/science-collaborations
http://www.lsstcorporation.org/science-collaborations
http://www.lsstcorporation.org/science-collaborations
http://www.lsstcorporation.org/science-collaborations
http://www.lsstcorporation.org/science-collaborations
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