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Decadal Survey Astro2010

Large Synoptic Survey Telescope

Large Synoptic Survey Telescope ranked #1|
"a treasure trove of discovery"

“The Large Synoptic Survey Telescope (LSST) would
employ the most ambitious optical sky survey approach
yet and would revolutionize investigations of transient
phenomena. [...] The top rank of LSST is a result of its
capacity to address so many of the identified science
goals and its advanced state of technical readiness. “

http://sites.nationalacademies.org/bpa/BPA_049810
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LSST Scientific Possibilities

Large Synoptic Survey Telescope

LSST Science Book:

http://www.lsst.org/Isst/
science/scibook

598 pages
245 authors

Preface 8.The Transient and Variable Universe
I. Introduction 9. Galaxies Large Synoptic Survey T
2.LSST System Design 10.Active Galactic Nuclei

3. System Pergormance I'1. Supernovae

4. Education and Public Outreach 12. Strong Lenses

5.The Solar System 13. Large-Scale Structure

6. Stellar Populations 14.Weak Lensing

7. Milky Way and Local Volume 15. Cosmological Physics




LSST Basics

Large Synoptic Survey

—

Primary/Tertiary at SOML _ 7, "‘roﬂ

8.4m mirror

9.6 sq deg FOV

20,000 deg of sky

1000 visits per field

filters: ugrizY

320 - 1035 nm

r ~24.7 in single visit, ~27.7 stacked depth,
3.2 Gpix camera -

~0.01 mag precision photometry
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Comparison with other surveys
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LSST Camera

Large Synoptic Survey

3.2 Gigapixels

0.2 arcsec pixels

9.6 square degree FOV
2 second readout

6 filters

Parameter Value

Diameter 1.65m
Length 3.7m
Weight 3000 kg
F.P.Diam 634 mm




LSST Operations

Large Synoptic Survey Telescope

Universal Cadence: pairs of |15 sec exposures
90% of the time

Specialized Programs to improve parameter space
10% of the time

~———. g Archive Site

H Headquarters Site Archive Cents

30 Tb of data per night duarers ot Sener
Systems Operations Co-located

30 petabyte database, ~100 Pb
images over 10 years

Base Site

60 sec alerts for transient or

Co-ls

. . ocated
movi ng Ob]ects Data Access Center (DAC)




LSST Data Products

Application Layer -
Generates open, accessible data products with fully documented quality
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Nightly Raw science image Source catalog Transient alert
Calibrated science image (from difference images) Moving object alert
Subtracted science image Object catalog Data quality analysis
Noise image (from difference images)
Sky image Orbit catalog
Data quality analysis Data quality analysis

Data Release Stacked science image Source catalog Alert statistics &
(Annual) Template image (from calibrated science images) summaries
Calibration image Object catalog Data quality analysis

RGB JPEG Images (optimally measured properties)
) j

Data quality analysis Data quality analysis




Large Synoptic Survey Telescope

Calendar Year

2006 2008 2007 2008 2009 2010

Design & Development

NSF D&D

Major Private
Funding Start

Funding Start

Schedule of Operations

2011 2012 2013 2014 2016 2016 2017 2018 2019 2020

Phase 2 Construction
Funding Start

Schedule
Contingency
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Data access

Data immediately available to the US and Chile

Derived data products available worldwide
Working with foreign partners to expand access




Science Collaborations

Solar System
Milky Way and Local Volume Structure
Transients & Variable Stars
Galaxies
Active Galactic Nuclei

Supernovae
Stellar Populations
Strong Lensing
Weak Lensing
Large Scale Structure & Baryon Oscillations
Informatics & Statistics
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Large Synoptic S

GRB afterglows
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Also: microlensing,
transiting planets...

LSST Science Book: =
http://www.lsst.org/Isst/science/scibook




Discovery Space of Transients

Large Synopt,

GRB afterglows
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adapted from Rau et al 2008

Filled:Well observed
Vertical Stripe: Rare

Horizontal Stripe: Not yet
detected

Unfilled:Theoretical




A spreading
jet

No y-rays

[y

Detection of off- -
axis afterglows by -
synoptic imaging —
can help determine
beaming fraction
(and true rate)



Example Science: Very Fast Transients

Potential Sources
Contemporaneous GRB optical counterparts
Giant pulses from pulsars
Flare from anomalous X ray pulsars

...the unknown!

Accessible via deep drilling fields and
also by differencing 15 sec exposure pairs




Expected Rate of Transients

107 Mpc3 yr! ‘ 20000 ‘

Orphan Afterglows 2226 ‘
LSB

On-axis GRB
afterglows

Luminous Red ‘ 9..-13 ‘ 20 - 60 1013 yr! Lsun'! ‘ 80 - 3400

Fallback SNe -4..-21 . <5x 10¢ Mpc3 yr! < 800

| -17..-195 | 30-70 3 x 10 Mpc3 yr! 200000
(3.8) x 105 Mpc3 yr-! 100000

Table adapted from Rau et al. 2009




a-LIGO / LSST

Large Synoptic Survey Telescope

LSST field-of-view well-matched to
localize LIGO events




Targets of Opportunity

« Why provide Target of Opportunity Triggering and
Cadencing?

—Scientific: LSST is uniquely suited to finding EM
counterparts to GW events

—Political: Supports NSF-funded a-LIGO and
responds directly to DOE science

How would such a capability translate to
operation requirements?

White paper in development on scientifically-motivated performance desires;

(Bloom, Becker, Cook, Walkowicz) -




Upcoming Challenges

Science Collaborations are
currently working on:

Simulating LSST data stream to
evaluate requirements

Classification algorithms

Science verification plans




/) Spectrotemporal Surface

Large Synoptic Survey Telescope

Hsaio
Supernova
Template

9000 10000
) 0 4000 5000 6000 7000 8000

300t
2000 Wavelength




Example simulation: 1.7ppm of the survey

Large Synoptic Survey Teles.




Roles of the
classifier

Level 2 :
Classifier
that acts on
larger dataset

Classification

Level |:
real-time classification,
cross reference with
contextual data

Filter actionable items
from 30 Tb of data




Collation of templates for
ImSim feeds directly to
development of

plug-in classification /
categorization

Topic of ongoing work:
Mahabal

Bloom

Borne, Shaw.-& Saha




VOEvent 2.0

Large Synoptic Survey Telescope

- http://dotastro.org/simpletimeseries

- http://en.wikipedia.org/wiki/VOEven

Tools | LightCurves | About

leTimeseries
metho raring time-seri
Eficent dataexchangs, oven among asmal group of poop, requies a
Gefton o wnat data  beig presented. A ihe rumber of partcipants i he
exchange grons, tbecomes even more mportant 1 have e defnea
Siuciurs hatcan b efiienty parsed by ot machines and numans elke.
Time-series area il prt o the Bekeley Transent Ciass(Galon Pieine
XL amat i
he ppelie as wellas commuricats our data o thes.

Beiow are a colction o Inks o examples and cocumentation fo quickly get
you sarted using the SimpieTimeseries XML format. Though the format s st
evolving, 15 at a poin now hat s ready o be used and n the coming

weeks we wil be emiting allof o curtent Iight curves n SimpleTmeseries

©2008 cotastro.org




Early Science Verification

» About 10-15% of LSST point sources will be variable (at
the few tenths of a mag level or above)

* Of these, only 10-15% will be periodic

* True Transient Events?
—Most things that vary do not vary periodically

Light curve library would enhance
LSST science and provide an
opportunity for Science Verification




Thank you!




