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The Big Picture:  
Science & Public Outreach with Astronomical Surveys
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Hubble Image of the galaxy M87

Image of supermassive black hole at 
center of M87 using the  
Event Horizon Telescope 

Resolution ~ 25 microarcsecondsResolution ~ 100 milliarcseconds
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It would take more than  
10 million photos this size to 

cover the full sky 

Each smudge of light is a galaxy 

There are > 2 trillion galaxies in 
the observable universe

Hubble Ultra Deep Field



Astronomical Surveys

Field of view of the 
Dark Energy Camera

Wide, Fast, Deep



Title Text
Title Text
Body Level One 

• Body Level Two 

- Body Level Three 
๏ Body Level Four 

✦ Body Level Five

Half of One DECam CCD



Title Text
Title Text
Body Level One 

• Body Level Two 

- Body Level Three 
๏ Body Level Four 

✦ Body Level Five

Half of One DECam CCD

Dark Energy Survey cataloged 
~400 million stars and galaxies 

over first ~300 nights of operation



Brightest 2 billion stars visible 
from Earth measured with Gaia
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Asteroid  
in Solar System

Nearby Galaxies 
(millions of light years away)

Star  
in Milky Way

Distant Galaxies 
(billions of light years away)



Why Astronomical Surveys?



Why Astronomical Surveys?
Our Universe is one realization of a statistical process 
governed by the rules of nature 

We aim to discovery these rules 

Some patterns are emergent and/or only appear when we 
look at the Universe on the largest possible scales



Planck

Density fluctuations at δ ~ 10-5 imprinted on 
the cosmic microwave background (age of Universe ~ 380,000 yr)

Quantum fluctuations expanded to a macroscopic scale;
the seeds of cosmic structure formation





Dark Energy, Dark Matter, Neutrinos
95% of the mass-energy content in the Universe today is NOT 
made of atoms 

These three distinct “dark” components are invisible — you 
can’t touch them or feel them — but they determine the fate of 
the Universe…



Dark Energy
Consistent with an energy density that permeates all of space 
and maintains constant density as Universe expands 



Dark Energy
Consistent with an energy density that permeates all of space 
and maintains constant density as Universe expands 

Dark energy (using E = mc2)      ~4 protons / m3 

Interstellar Space                      ~ 106 protons / m3 

Air ~ 1 kg / m3                          ~ 1027 protons / m3 

Water ~ 103 kg / m3                  ~ 1030 protons / m3



2dF Galaxy 
Redshift Survey

1997-2002 Slice of a three-dimensional map of galaxies

Large-Scale Structure



2dF Galaxy 
Redshift Survey

1997-2002

density map from
cold dark matter simulation

Slice of a three-dimensional map of galaxies

Large-Scale Structure



Supernovae

“Supernova on demand”

Type Ia supernovae are rare and unpredictable; 
~1 per 1000 yr in a typical galaxy 

But need to schedule follow-up time for deep 
imaging and spectroscopic observations months 
in advance… 

Solution: generate supernovae sample by 
observing 50-100 fields each containing ~1000 
galaxies



Supernovae

Expansion of the Universe
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Weak Gravitational Lensing



Milky Way Stellar Streams
Milky Way stellar streams visible in stellar density 

map from the DES survey 
( 1/8th of full sky )



Body Level One 

• Body Level Two 

- Body Level Three 
๏ Body Level Four 

✦ Body Level Five

Milky Way Stellar Streams

Scanning in distance



Title Text

Sloan Digital Sky Survey 
(SDSS), 2000 -

Dark Energy Survey 
(DES), 2012 -

Large Synoptic Survey Telescope 
(LSST), 2023 - 2033

Progression Of Wide-Field 
Optical Imaging Surveys

r ~ 24

* Representative selection

~10 deeper 
than SDSS

~100 deeper 
than SDSS



Etendue = Field of View ⨉ Effective Aperture (⨉ Efficiency)

LSST: 319 m2 deg2

Measure of light-collecting power
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A New Kind Of Telescope Optimized For Surveys
1998-2000 

Modified 3-mirror Paul-Baker Design 
Seeing limited over 3.5 deg field of view 

“Dark Matter Telescope”

2010 
LSST selected as the highest priority 

ground-based instrument for the 
coming decade

2014 
Formal construction start! 

Joint project between  
National Science Foundation (NSF) 

+ Department of Energy (DOE)   
+ international partners



Confluence Of 
Enabling 
Technologies
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✓ 8 meter class aspheric mirrors 
✓Mosaic of high quantum efficiency CCDs w/ near-IR sensitivity 
✓ Exponentially increasing computational power



Wide Field Of View



Large Aperture
8.4 m diameter
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Large Camera
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Need 1,500 HDTV screens to view a single image taken by LSST 

That’s enough 4k TVs to cover half a basketball court!

HDTV

2,073,600
pixels

LSST

3,200,000,000
pixels

Large Camera



Large  
Camera

“Commissioning camera” 
using 1 of 21 rafts  

that make up the full 
camera focal plane



Large Camera



Data Management

Laying fiber optical 
cable from summit

Data Processing Facility at National Center for 
Supercomputing Applications at U. of Illinois 

(up to ~2 PFLOPS)



SDSS HSC image at LSST depth 

Data Management



Capable of re-visiting every patch of the night sky visible from Chile every 3 nights



LSST Key Numbers



LSST Key Numbers
3.2 Gpix image every 15 seconds 365 nights/yr for 10 yrs 
(5.5 million images) 

~500 Pb of images over 10 yrs 

~10 million alerts per night (distributed w/in 60 sec) 

~20 billion stars 

~20 billion galaxies (~1 % of observable Universe) 

~30 trillion individual flux measurements



Modern Landscape Of Astrophysics



Modern Landscape Of Astrophysics
Ask not what observations you can propose, but what science you 
can do with archival data…



Modern Landscape Of Astrophysics
Open source code 

Public data 

Reproducibility 

Collaboration 

Equal Opportunity
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Sloan Digital Sky Survey Education & Public Outreach

SDSS has a long history 
with bringing survey 
data, and objects from 
the survey itself, into the 
classroom. 
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Subset of SDSS data made 
available to the public through 
the Galaxy Zoo citizen science 
project. Over 100,000 volunteers 
made more than 40 million 
classifications in ~175 days. 
(Lintott et al., December 2010. https://doi.org/
10.1111/j.1365-2966.2010.17432.x)

https://doi.org/10.1111/j.1365-2966.2010.17432.x
https://doi.org/10.1111/j.1365-2966.2010.17432.x
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Dark Energy Survey

Dark Bites, one of many DES 
education and outreach projects, 
connects science and art through 
astronomy facts and analogies to 
every day life. 
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Scientist of the Week and reflections from the observing teams 
highlighted diverse individuals. Some parts of the DES Education 
webpages are translated in as many as four languages.
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We provide worldwide access to, and context for, LSST data through 
accessible and engaging online experiences so anyone can explore the 
universe and be part of the discovery process.

LSST Education and Public Outreach (EPO) 
Mission

Credit: LSST Project/NSF/AURA
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Audiences

• Formal educators at advanced middle school, high school, college level 

• Citizen science principal investigators 

• Content developers at science centers and planetariums 

• Science-interested teens and adults (“General Public”)
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During Construction, EPO will build:
• Operations website and materials in English and Spanish 
• Formal education program based on online notebooks 
• Repository of multimedia resources  
• Interactive Skyviewer 
• Cloud-based EPO Data Center
• Capability to build citizen science projects
• Communications and Marketing Plans for Operations
• Strategy for measuring success
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Body Level One 

• Body Level Two 

- Body Level Three 

๏ Body Level Four 

✦ Body Level Five

Formal Education

Credit: LSST Project/NSF/AURA
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Formal Education
Online notebook development

�50
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Planetariums And Science Centers

Credit: LSST Project/NSF/AURA
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Library of digital multimedia assets
Fulldome sky view with LSST Alert stream overlay

Media specific for Chilean audiences
3D multimedia  

LSST EPO deliverables:
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Multimedia Gallery
LSST EPO will produce video clips, images, and 3D models to be used throughout the 
Operations website. Assets will also be provided in formats that support emerging industry 
standards (IMERSA Dome Master, AVM, Data2Dome) to enable content creators at informal 
science centers to freely incorporate them as they deem best.

https://gallery.lsst.org
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Skyviewer
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“I saw a lot of information about something that is so intangible” 

“An exploratory site where you get to just delve into what the telescope sees”

The viewport 
highlights 
objects within 
the current 
skyviewer to 
suggest options 
for user 

• Curated objects 
highlighted 

• Links to 
recommended 
features

Skyviewer as a Self-Guided Educational Tool 
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The website will be mobile friendly and features will be shareable. 
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Citizen  
Science

Credit: LSST Project/NSF/AURA Summit facility November 2018
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Ci*zen	Science

People-Powered	Research
Public volunteers help make science happen 
by contributing to real research projects

Citizen science can be a research tool 
enabling more science with LSST

LSST EPO will enable researchers to initiate 
Citizen science projects using any LSST data
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We are working with Zooniverse to maximize 
flexibility in the types of projects that can be 
created by LSST citizen science principal 
investigators. 

Space Warps-HSC used data from the Hyper 
Suprime-Cam survey. The data is similar to that of 
LSST. 
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Coating Chamber riding to summit - Oct 2018

Recent Events
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Credit: LSST 
Project/NSF/
AURA
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Credit: LSST Project/NSF/AURA
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Photo Credit: LSST Project/NSF/AURACredit: LSST Project/NSF/AURA
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Photo Credit: LSST Project/NSF/AURACredit: Precision Heavy Haul Inc./LSST Project/NSF/AURA
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Photo Credit: LSST Project/NSF/AURA

Credit:  
B Shoening/LSST 
Project/NSF/AURA
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Join	Us!

Follow	Construc*on	Progress
www.lsst.org 

www.gallery.lsst.org  

@LSST 

@myLSST 

http://www.lsst.org
http://www.gallery.lsst.org

