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Welcome

LSST Project and 
Community 
Workshop – 

Tucson 2018
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To build an observing facility, conduct 10-year survey, process, archive, and serve images and data products

3

+8.4m Telescope

3.2Gpix Camera

Peta-scale 
Data 
Management

Science and Public user Interfaces
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A single Survey of the night sky
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Construction Funding Partners and Managing Organizations

US$ 473 M

US$ 168 M

US$ 40 MPrivate, Corporate, and 
Institutional Donors
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Project Executed by Global Team of Staff and Contractors

AURA  
(Project Management Office, 

Systems Engineering T&S, DM & 
EPO Mgmt) 
Tucson, AZ

SLAC National Lab  
(Director, Camera 

Mgmt) 
Menlo Park, CA,

Univ. of Washington  
(Project Scientist, SE 
Support, DM Scientist) 

Seattle, WA

Univ. Of Illinois / NCSA  
(Information Security 

Officer) 
Urbana, IL Princeton Univ.  

(SAC Chair) 
Princeton, NJ

UC Davis 
(Chief Scientist) 

Davis, CA,

University of Arizona. 
Tucson, AZ

Longhorn Industries 
(Project Controls) 

Tucson, AZ

AURA Corporate 
NSF Recipient 
Washington DC

AURA  
Central Administrative 
Services (CAS and HR) 

Tucson, AZ

SLAC National Lab 
DOE Lead 

Menlo Park, CA

LSST Corporate 
Non-Federal Funding 

Tucson, AZ

AURA  
(LSST Site Office) 
 La Serena Chile

AURA  
CAS and HR Chile 
LA Serena, Chile

Project Management 
and Engineering

Data Management

Camera

Telescope and Site

Education and Public 
Outreach
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Project Executed by Global Team of Staff and Contractors

AURA  
(Project Management, 
Systems Engineering, 

SQuARE) 
Tucson, AZ

Cal Tech / IPAC  
(SUIT) 

Pasadena, CA

SLAC National Lab  
(Data Base) 

Menlo Park, CA,

Univ. of Washington  
(System Science, 

Pipelines) 
Seattle, WA

Univ. of Illinois / NCSA  
(Infrastructure / HPC) 

Urbana, IL

Princeton Univ.  
(Algorithms) 
Princeton, NJ

UC Davis 
(Algorithm) 
Davis, CA,

Florida international 
Univ. 

(International Networks) 
Miami, FL

REUNA / Telefonica 
(Network Installation / 

Administration) 
Santiago, Chile

AURA  
(Network Support) 
 La Serena Chile

IN2P3 
(Infrastructure / HPC) 

Lyon, France

Data Management



LSST Project & Community Workshop• Tucson, AZ • August 15, 2019  8

Project Executed by Global Team of Staff and Contractors

SLAC National Laboratory 
(Management, Camera 
Body and Mechanism, 

DAQ, CCS, I&T) 
Menlo Park, CA

Lawrence Livermore 
National Laboratory 

(Management, Optics) 
Livermore, CA

Ball Aerospace (L1-
L2 design and 
Integration) 
Boulder, CO

Arizona Optical System 
(L1, L2 optics 

fabrication and test) 
Tucson, AZVanguard Space 

technologies/Alliance 
Space Systems  (L1-L2 
composite structure) 

San Diego, CA

Materion (Filter 
Coating) 

Buffalo, NY

Corning (Optics 
Fused Silica) 
Corning, NY

Teledyne E2V 
(CCD) 

Chelmsford, UK

Imaging Technology 
Laboratory (CCD) 

Tucson, AZ

Engineered Ceramic 
Materials (Grid, Raft 

baseplates) 
Moosinning, Germany

LPNHE/IN2P3 
(Electronics, 

Carousel) 
Paris, France

REOSC (BBAR 
coating) 

Saint-Pierre-du-
Perray, France

APC/IN2P3 
(Filter control 
system, CCS) 
Paris, France Thales SESO (L3 assembly 

and filters optics) 
Aix-en-Provence, France

CPPM/IN2P3 (Filter 
Autochanger) 

Marseille, France

LPSC/IN2P3 (Filter 
Loader, Optical test 

bench) 
Grenoble, France

LPC/IN2P3 (Filter 
Test Bench) 

Clermont, France

Brookhaven 
National Laboratory 

(Science Rafts) 
Upton, NY

Harvard University 
(Corner Raft, 
Science Raft) 

Cambridge, MA

UPenn (Electronics) 
Philadelphia, PA

UC Santa Cruz 
(Management) 
Santa Cruz, CA

Camera
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Project Executed by Global Team of Staff and Contractors

AURA 
(Telescope and Site 

Summit Team) 
La Serena, Chile

Moog/CSA 
(Camera / M2 

Hexapod) 
Mountain View, CA

CAID Industries 
(M1M3 Cell, Cart, 

Integration) 
Tucson, AZ

Besalco 
(Summit Facility 

Construction) 
Santiago, Chile

Harris Corp (M2 
Subsystem) 

Rochester, NY
Corning (Optics 

Fused Silica) 
Corning, NY

ARCADIS 
(Summit Facility A&E)  

Santiago, Chile

Von Ardenne  
(Reflective Coating 

System) 
Dresden, Germany

European Industrial 
Engineering  

(Dome subsystem) 
Venice, Italy

Harvard University 
(Calibration 

Instrumentation) 
Cambridge, MA

AURA  
(Telescope & Site 
Engineering Team) 

Tucson, AZ

Astronomical Consultants 
& Equip Inc. 

(Atmospheric Telescope) 
Tucson, AZ

Pflow Industries 
(Summit Lift) 
Milwaukee, WI

Rockterra 
(Summit Civil Work)  

La Serena, Chile

UofA Mirror Lab 
(M1M3 Fabrication  

&Testing) 
Tucson, AZ

Rencoret 
(Base Facility 
Construction) 

Santiago, Chile

TORC 
(ComCam Optics) 

Tucson, AZ

GHESA (Telescope 
Mount Assembly) 

Madrid, Spain

Telescope and Site
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Project Executed by Global Team of Staff and Contractors

Education and Public 
Outreach

AURA 
(Chile EPO Coordinator) 

La Serena, Chile

Inigo Films (historical media 
- construction & interviews) 

Toronto, Canada

AURA  
(Education & Public 

Outreach Team) 
Tucson, AZ

Theresa Neil Strategy + 
Design (user experience and 

design) 
Austin, TX

Adler Planetarium 
(Planetarium and citizen 

science support) 
Chicago, IL

NOIR (video production) 
London / New York / Prague

Science Office (3D 
modeling) 

Lisbon, Portugal

University of Arizona 
(education advisors) 

Tucson, AZ

Univ, of Alaska Anchorage 
(education advisors) 

Anchorage, AK

Data2Dome / ESO 
(planetarium data integration) 

Garching, Germany
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Group Photo 
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Previous Public Talks and much much more……

Available on LSST 
YouTube Channel 
and our public 

website  
www.lsst.org 

http://www.lsst.org/
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Large Synoptic Survey Telescope (LSST) Status

All Across the Project 
efforts are successfully 
transitioning to reality

2012 
Rendering

June 2019
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Large Synoptic Survey Telescope (LSST) Status
LSST Summit – 15 August 
2019 
Live WebCam #2 
http:/ls.st/cyc
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Primary Mirror Polishing Completed in 2014
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A “Mirror” is a Complex Assembly
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Puclaro Tunnel Chile



M1M3 video thru tunnel
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LSST Optical Coating Facility on Summit
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M2 Coating – 16 July 2019
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- Stiff 300 ton moving 
structure 

- 10 deg /sec rotation 
- 10 deg/sec2 

acceleration
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Telescope Mount Assembly in Factory Test
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A Camera to Capture 3.5 degrees of Sky

• Largest electronic camera built 
for ground based astronomy 

• 5 of 6 filters on board
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63 CM Diameter Focal Plane with 3.2 GigaPixels

4K x 4K 
Science 
Sensor

Raft 
Sensor 
Assembly

Raft Electronics Board (REB) 
with Custom Integrated circuits make 

a 166M Pix camera

189 sensors packed in 21 
rafts of 9 sensors
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• More than 380 Science 
Sensors Delivered

Camera Sensors Fabricated by Two Vendors

All Rafts assembled at 
Brookhaven National 
Labs
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Science Raft Installation has begun!

Front View of empty 
Cryostat

Cryostat with first rafts 
installed

Three Sensor Rafts 
installed
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- Ball Aerospace leading L1 and L2 
Assembly fabrication 

• Lenses polished at Arizona Optical 
• L1-L2 composite structure completed

Camera Lenses Finished

L1 inspection

L1-L2 assembly
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LSST Data Sites and Data Transfer
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A petascale 
supercomputing system at 

the LSST Archive (at 
NCSA) will process the raw 

data, generating reduced 
image products, time-

domain alerts, and 
catalogs. 

Data Access Centers in the U.S. 
and Chile will provide end-user 
analysis capabilities and serve 

the data products to LSST users.

LSST Data Processing and Data Access



LSST Project & Community Workshop• Tucson, AZ • August 15, 2019  36

Education and Public Outreach Development Progressing well

Planetarium video showing LSST 

First Spanish-language user testing  
at Chile summer school

In Mapping the Milky Way,  
students use LSST’s extensive sky 
coverage and object density  
 to discover the shape of our Galaxy 
and where we live within it
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On schedule for First 
Light in 2021 and start of 
10-year Survey in 2022
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What IS a Black Hole?



The Event Horizon of a Black Hole



Simulations of Light around Black Holes



M87

A Journey to M87



JET

A Journey to M87



Degree

60 Arcminutes

60 Arcseconds

1000 Milliarcseconds

1000 Microarcseconds

M87: 40 microarcsec! 
1/100Millionth of a degree





Black hole

Noise

Correlator

Hydrogen 
maser clock

Hard 
drive

Radio telescope

Hard 
drive

Hydrogen 
maser clock

Radio telescope

Very Long Baseline Interferometry





The Event Horizon Telescope Collaboration in 2018



Chi-Kwan Chan, Pierre Christian, Tod Lauer, Dan Marrone, Feryal Ozel, Dimitrios Psaltis, Buell Jannuzi, Lucy Ziurys, David Ball, 
Junhan Kim, Lia Medeiros, Carolyn Raithel, Mel Rose, Arash Roshanineshat, Kaushik Satapathy, Tyler Trent, Joseph Allen. Devin Cameron, Elizabeth 
Champagne, Landen Conway, Ryan Gatski, Dalton Glove, Yuan Jea Hew, Kyle Massingill, Kaylah McGowan, 
Jose Perez, Will Price, Gustavo Rodriguez, Anthony Schlecht, Alexis Tinoco, Patrick Fiebers, Thomas Folkers, David Forbes, 
Robert Freund, Christopher Greer, Christian Holmstedt, Gene Lauria, Martin McColl, Robert Moulton, George Reiland

The UA EHT Team



The Submillimeter Telescope on Mt Graham, Arizona

cr
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The South Pole Telescope

cr
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April 5-11, 2017: First Observations



5 Petabytes

ALMA
APEX

JCMTSMA
LMT

SMT IRAM 30M

EHT Telescopes

SPT

MIT Haystack

MPIfR

Correlators

Radboud

Goethe-Universität
Boston University

ASIAAUNAM

NAOJ
Arizona

SAO

KASI

Calibration/Imaging

Google N. VA

Google OR

Simulation/Model Comparison

UIUC/ 
NCSA

Amsterdam

UITS/CyVerse

Harvard

Sharing Data and Simulations Across the World

5 Terabytes



EHT Array

Data Modules
5 petabytes

Nov 2017

Correlation
1/1,000

Jan 2018

Fringe Fitting
1/10,000

Jun 2018
Imaging
1/1,000

August 2018

Announcement
April 2019

Apr 2017













42 microarcseconds

Black Hole Mass 
=6.5 Billion Solar Masses

Measuring the Mass of the Black Hole



When did the first 
black holes form?

How did they grow?

How do they affect  
galaxies? 

Is General Relativity complete?

How many are there?
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Dept of Physics & Astronomy  
Center for Interdisciplinary Exploration and 

Research in Astrophysics (CIERA) 

Hunting for Black Holes in 
our Universe with The Large 
Synoptic Survey Telescope

“We always find something, eh Didi,  
to give us the impression we exist?”

Raffaella Margutti



Supermassive BHs
Mass>106 ✷

Stellar Mass BHs 
Mass~1 ✹ 

Intermediate Mass BHs
Mass ~ 102-104 ✹ 

Black Hole Mass



Extreme Gravity

Black Hole



Stellar Mass BHs 
Mass~1 ✹ 

Intermediate Mass BHs
Mass ~ 102-104 ✹ 

Supermassive BHs
Mass>106 ✷

Feeding on the companion star Feeding on host galaxy gasFeeding on host galaxy starsFeeding on its own progenitor star

Gamma-Ray Burst X-ray Binary Tidal Disruption Event Active Galactic Nucleus



An ongoing fight for survivalcr
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The Crab Nebula

The remaining of a stellar explosion in 1054 AD



New Black Hole



New Black Hole



Light from 
the compact object can escape



New Black Hole New Black Hole



HIC SUNT LEONES

(or maybe cows…)

[here be dragons]



AT2018cow

200 Myr ago
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20 days

10 billions SunsLu
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Time

NORMAL Supernova18cow

2

1000 billions Suns



18cow

Keck Telescopes SOAR

Magellan

WIYN

UKIRT

CTIO

MMT
VLA

VLB

NuSTAR

Swift-Gehrels

XMM

INTEGRAL

A Panchromatic viewInter-Planetary
Network



How to form a (small) Black Hole

Method 1: Make a Big Star Explode

Method 2: Make two Neutron Stars Collide

~10 km
Mass~ Sun

Neutron Star



The Crab Nebula

The remaining of a stellar explosion in 1054 AD

Neutron Star!



How do we form two Neutron Stars?

TOTAL= 1 out of 100,000 makes it to the end



We have two Neutron Stars:  
why they can’t just keep orbiting each other forever?

Their orbit shrinks as energy is lost in 
gravitational-wave emission 



130 Myr ago in the galaxy NGC 4933 

The collision of two neutron stars



GW170817: the first (and only so far) detection of gravitational 
waves and light from the same celestial object 

Work by 70+ teams worldwide, 3000+ scientists (Abbott+2017)

OPTICAL



GW170817: the first (and only so far) detection of gravitational 
waves and light from the same celestial object 

RADIO X-RAYOPTICAL

NS

NS
BH



Region of localization from the 
detected  

gravitational wave emission

The unique  
role of LSST:

The electromagnetic signal is 
faint, fades quickly and we do 

not know well where to look 



How to form a Black Hole

Method 1: Make a Big Star Explode

Method 2: Make two Neutron Stars Collide

Method 3: Make two Black Holes Collide



Use the LIGO app to receive real-time updates on collisions of BHs and NSs!

The collision of two black holes produces Gravitational Waves:



How to form a Black Hole

Method 1: Make a Big Star Explode

Method 2: Make two Neutron Stars Collide

Method 3: Make two Black Holes Collide

Observed one event with GWs and light

Observed many events with GWs

Method 4: Make one Black Hole and a Neutron Star Collide
Never observed



Black Hole - Neutron Star Merger

…from last night …

Stay tuned!!

Gravitational Wave localization map fro LIGO/Virgo:



Active Supermassive Black Hole in the Galaxy M87

Galaxy M87

Jet launched by the 
supermassive black hole



with Stellar Tidal Disruptions

Unveiling the population of dormant supermassive black holes



with Stellar Tidal Disruptions

Unveiling the population of dormant supermassive black holes

Le
va

n+
20

15

A  Flare of powerful X-ray 
emission that marks the presence 

of a
Transient Jet



The Little Gidding by T. S. Eliot

“…The END 

is where we start from…”



LSST Project & Community Workshop• Tucson, AZ • August 15, 2019  93

Welcome

LSST Project and 
Community 
Workshop – 

Tucson 2018




