
The Large Synoptic Survey 
Telescope

Beth Willman, Haverford College



• O/NIR imaging survey from Cerro Pachon, Chile; 6.5m effective 
telescope aperture, 9.5 deg2 field-of-view

LSST Basics

Figure from Ivezic et al. arXiv:0806.2366



•~1/2 the sky - ~18,000 deg2 in fiducial survey, ~25,000 deg2 total
• 90% of time on a universal survey - the cadence is still up for 
discussion; Other 10%: deep drilling fields and mini-surveys
• ~900 visits per location over a 10 year period; rlimit,single ~ 24.5 mag, 
rlimit,stack ~ 27.5 mag

LSST Cadence

Figures from www.lsst.org and Ivezic et al. arXiv:0806.2366



LSST Astrometry

Figure from Ivezic, Beers & Juric 2012



LSST-like Images

images from Ivezic et al. arXiv:0806.2366 

The Deep Lens Survey 
image is an analog in 

depth and image quality 
to a single LSST epoch

SDSS - 2ʼx4ʼ

MUSYC

7.5ʻx7.5ʼ The MUSYC image is 
~1 mag shallower than 

the co-added LSST; 
highlights possible LSB 

science



• Dark energy, dark matter and cosmology (galaxies, SNe, quasars, 
lensing)
• Time domain (proper motions, variable stars, cosmic explosions)
• Solar system structure  (asteroids)
• Milky Way structure and near-field cosmology (stars)

Universal Cadence - Diverse Science Drivers



• 6.4 GB per exposure         ~15 TB per day
• ~ 37 billion objects in the final catalog (20B galaxies, 17B stars)
• ~ 30 trillion forced photometry, single-epoch measurements
• ~ 10 million variable source alerts per night
• 11 data releases total, 3 within the first 2 years

LSST Data Overview



• Anyone from a US or Chilean institution
• Members of the LSST French participation group at IN2P3
•Named individuals at several European and Chinese 
institutions that have signed MOUs with LSST Corporation

LSST Data Rights

At present:



from www.lsst.org, timeline steady since September 2013



• July 2014 construction start date
• 8.5 years until survey operations, 7 years until science 
verification

from www.lsst.org, timeline steady since September 2013



www.lsst.org

~550 science 
collaboration members



New science collaboration developments

• Science collaborations are now individually responsible for 
setting their own membership policies and rules.

• Anyone with data rights may now join science collaborations, 
according to the membership policies set by each 
collaboration.  



Example: Milky Way etc. collaboration

• New applicants submit a CV with publications list.  New applications may be 
submitted at any time, and will be reviewed quarterly by Collaboration chairs.  All 
new members must identify and belong to at least one of our Working groups.

• Submit a 1-2 page document of 2 year planned contributions to the collaboration 
chairs, including a set of six month milestones/deliverables.  Each year submit one 
paragraph on collaboration activities.  Every two years membership will be 
reviewed by Collaboration chairs, in consultation with Working group leads.

• Commit to ~5% time investment in LSST endeavors, broadly defined.  

Draft membership policy



Science Collaboration Activities:
Cadence planning

• static LSST science (dark energy, galaxies, & stellar pops)
• transient and variable science (astrometric science, fast & 
slow variables & transients, SNe,  moving objects)  
• mini-surveys (Magellanic clouds, Galactic bulge & disk)
• novel strategies for optimizing the main 
     LSST survey



www.lsst-desc.org

Science Collaboration Activities:
Dark Energy



Science Collaboration Activities:
Tackling Priority Pre-cursor Science

and Technical Challenges

Some collaborations (e.g. Stars, MW and Local Volume 
and Transients) are now developing roadmaps to define 

primary collaboration activities for the next 7 years



Milky Way etc. chairs:
• Do a better job connecting collaboration members 
with necessary resources

Everyone:
• Star-galaxy separation
• Photometric metallicity calibration
• What necessary measurements will not be 
provided by the Project?
• Variable source classification algorithms

Science Collaboration Activities:
Tackling Priority Pre-cursor Science

and Technical Challenges



Why join an LSST science collaboration?



LSST Resources
Operations Simulations (OpSim)
Image Simulations (ImSim)
Base & photometered catalogs of stars and galaxies for/from ImSim
Some phases of the photometric pipeline

http://lsst.astro.washington.edu/

image from Ivezic et al. arXiv:0806.2366 



LSST Publication Board
Pat Burchat (Stanford), chair

Science Collaborations are generating publications: 8 science + 
technical peer reviewed publications formally vetted thus far



LSST’s Hallmark Science Stands Alone



LSST’s Hallmark Science Stands Alone
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Predicted # of Milky Way dwarf satellites 
Hargis, Willman & Peter ApJL submitted

To appear in update of 
Ivezic et al. arXiv:0806.2366



image from Ivezic et al. arXiv:0806.2366 

LSST Science and Synergies



LSST: A super-SDSS 
discovery machine

image from Ivezic et al. arXiv:0806.2366 

LSST Science and Synergies



LSST: A super-SDSS 
discovery machine

image from Ivezic et al. arXiv:0806.2366 

LSST Science and Synergies

LSST is needed to provide field-defining 
samples
TM/GM/ELTs are needed to fully 
characterize LSST discoveries

Thinking inside the box - Individual PIs or 
groups follow up small numbers of faint, rare, 
unusual objects; Larger groups rally around 

key questions to acquire necessary follow-up.



LSST Science and Synergies

• Where is the bottom of the galaxy hierarchy 
and what sets it?
• What is the ‘temperature’ of dark matter?

Near-field cosmology - LSST will discover numerous dwarf 
galaxies, star clusters, and unusual objects; TM/GM/ELT 
follow-up is needed to answer:



LSST Science and Synergies

• Basic characterization - kinematics and chemical abundances 
• Internal dynamics of nearby dwarf galaxies using adaptive 
optics imaging over (relatively) wide field-of-view; e.g. IRIS

Near-field cosmology - LSST will discover numerous dwarf 
galaxies, star clusters, and unusual objects



LSST Science and Synergies

Follow-up of rare and unusual objects, e.g. particularly distant quasars 
and massive galaxies; IR spectroscopic studies of high-z intergalactic/
circumgalactic medium.

Galaxy Science, Brant Robertson (Arizona)

NIR spectroscopic follow-up of trans-Neptunian objects.  LSST will ID 
targets for follow-up and characterize the population as a whole.

Solar System Science, Lynne Jones (UW) and Mike Brown (Caltech)

Spectroscopic follow-up of interesting & faint SNe, e.g. Superluminous 
SNe, Fast transients & exotic SNe; Spectra of faint, low-metallicity host 
galaxies with e.g. WFOS (for low-z objects) or IRIS (for high-z objects)

Supernova Science, Maryam Modjaz (NYU)



Proposed Aspen 2015 workshop: 
Near-field Cosmology With the Next Generation 

of O/IR Facilities

B. Willman (Haverford), J. Kalirai (STScI), C. Rockosi 
(UCSC), M. Steinmetz (AIP), J. Strader (MSU)






