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SPEAKERS

Victor Krabbendam,
LSST

The Large Synoptlc Survey Telescope (LSST) Is approachlng compLetlon |
on the Cerro:Pachon ridge in north-central Chile. When science opera- -
- tions begin in 2022, LSST will scan the sky with the world's largest dlgltal- o
~.camera, creating a 500 petabyte set of images and data prc "_'{'ts that "
~will address the most pressing questions about the structure and evolu- B
“tion of the universe and the objects N it. Among these objects are black i,
" "holes, objects so dense they v warp the fabric of. space-time, obJects ‘
~whose incredible propertles are’ only recently. becomlng known to us.”
. You are invited to join us for an evening of black holé science and Iearn
about Tucson S Ieadershlp role in LSST s voyage of SCIehtIfIC dJscovery

Victor Krabbendam has .
been LSST Project Manager
since 2012, after eight years
as Project Manager for

the LSST Telescope & Site
subsystem. Trained asa

mechanical engineer, Victor has worked in in-

dustry, government, and with major astronomi-
cal research facilities including the Hobby-Eberly

Durlng thls publlc event, LSST PrOJect Manager Vlctor Krabbendam wnII ," &
" provide an update on LSST construction progress Unlver5|ty of Anzona B
astrophysicist Feryal Ozel will discuss the latest black hole d|5COVer|es

- from the Event Horizon Telescope (EHT) and Northwestern Unlver5|tys pi A g - ;iljfﬁgfne :;t'r‘gcaogig gg::;;’;?)(rsyoeg‘pg the
 Raffaella Margutti'will-describe what we have learned from the first il U EREER e IR I A3
. -multi-messenger observations of a neutron star merger with gravita- 3 e : -

tional waves and Ilght and what mlght be revealed when LSST beglns
--'|ts ten-year survey - - - Y T R

Telescope, a 4.1 meter telescope that is LSST's
neighbor on Cerro Pachon.
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To build an observing facility, conduct 10-year survey, process, archive, and serve images and data products St 2
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Prompt Data Products

Real Time Difference Image Analysis (DIA)

Simulation enigma 1189: night3001
/5
: Data Release Data Products

=

—

Reduced single-epoch & deep co-added images,
catalogs, reprocessed DIA products

User Generated Data Products

User-produced derived, added-value data products

LSST Project & Community Workshope Tucson, AZ « August 15, 2019



USS 473 M =) AURA

el AL

-—
NATIONAL ACCELERATOR LABORATORY

USS 168 M

Private, Corporate, and US$ 40 M ‘ m—

Institutional Donors




Project Executed by Global Team of Staff and Contractors &
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Univ. of Washington /

(Project Scientist, SE UC Davis Univ. Of Illinois / NCSA
Support, DM Scientist) (Chief Scientist) ‘ (Information Security
Seattle, WA p Davis, CA, Officer)

Urbana, IL Princeton Univ.
(SAC Chair)

Princeton, NJ

N\

SLAC National Lab

(Director, Camera
Mgmt)

Menlo Park, CA,

AURA Corporate
NSF Recipient
Washington DC

I
AURA

] & Central Administrative
Longhorn Industries JL" : |
(Project Controls) d Services (CAS and HR

Tucson, AZ ‘% | Tucson, AZ

SLAC National Lab
DOE Lead
Menlo Park, CA

Project Management

) f" ‘ and Engineering
LY/

AURA
(Project Management Office,
Systems Engineering T&S, DM &
EPO Mgmt)

Tucson, AZ

LSST Corporate
Non-Federal Funding
Tucson, AZ

University of Arizona.
Tucson, AZ

AURA
CAS and HR Chile
LA Serena, Chile

AURA
(LSST Site Office)

La Serena Chile Education and Public

Outreach



Project Executed by Global Team of Staff and Contractors &=/

ol .‘ - ) ‘
' AP " -
o IN2P3

-
2 M (Infrastructure / HPC)
‘ Lyon, France

Univ. of Washington e

(System Science, Univ. of lllinois / NCSA

Pipelines) (Infrastructure / HPC)
Seattle, WA Urbana, IL

___

UC Davis -
(Algorithm) ~
Davis, CA, ‘ ’ ¥ é

SLAC National Lab
(Data Base)
Menlo Park, CA,

Princeton Univ.
(Algorithms)
Princeton, NJ

Cal Tech / IPAC l' " Univ.
» (SUIT) - ' (International Networks)

Pasadena, CA ' =3 Miami, FL

(Project Management,
Systems Engineering,
SQUARE)
Tucson, AZ

REUNA / Telefonica
AURA (Network Installation /
Administration)
Santiago, Chile

(Network Support)
La Serena Chile



Ball Aerospace (L1- | Materion (Filter Corning (Optics Teledyne E2V

L2 design and Coating) Fused Silica) (CCD) : :
: : Engineered Ceramic
Integration) Buffalo, NY Corning, NY Harvard University Chelmsford, UK Ma%erials (Grid, Raft

Boulder, CO (Corner Raft, < baseplates)

~ Science Raft o . Moosinning. G
(Management) - -~

Santa Cruz, CA

LPSC/IN2P3 (Filter
Loader, Optical test
bench)
Grenoble, France

LPNHE/IN2P3
| Brookhaven (Electronics,
Lawrence Livermore National Laboratory Carousel)
National Laboratory (Science Rafts) Paris, France
(Management, Optics) , Upton, NY
Livermore, CA | ‘ | APC/IN2P3
| ~ (Filter control

l UPenn (Electronics) system, CCS)
SLAC National Laboratory Philadelphia, PA Paris, France ' Thales SESO (L3 assembly

(Management, Camera | 0 and filters optics)
Body and Mechanism, ‘ Aix-en-Provence, France

DAQ, CCS, I&T) Arizona Optical System REOSC (BBAR
Menlo Park, CA ~ (L1, L2 optics coating)
fabrication and test) Saint-Pierre-du-

Tucson, AZ Perray, France | ) Camera

Vanguard Space

technologies/Alliance

Space Systems (L1-L2 Imaging Technology .
composite structure) Laboratory (CCD) LPC/IN2P3 (Filter

CPPM/IN2P3 (Filter

Autochanger)
Marseille, France

San Diego, CA Tucson. AZ Test Bench)
’ Clermont, France




Project Executed by Global Team of Staff and Contractors =S/

Moog/CSA Pflow Industries Harris Corp (M2
(Camera / M2 (Summit Lift) Subsystem)
Hexapod) Milwaukee, WI Rochester, NY
Mountain View, CA

Corning (Optics
Fused Silica)
Corning, NY

Harvard University
(Calibration
Instrumentation)
Cambridge, MA

TORC Astronomical Consultants GHESA (Telescope
(ComCam Optics) & Equip Inc. Mount Asseml?ly)
Tucson, AZ | | (Atmospheric Telescope) Madrid, Spain
Tucson, AZ

UofA Mirror Lab

L, CAID Industries
M1M3 Fabrication
( & Testing) AURA (M1M3 Cell, Cart, ARCADIS

Tucson. AZ (Telescope & Site Integration) (Summit Facility A&E)
’ Engineering Team) Tucson, AZ Santiago, Chile
Tucson, AZ
Besalco
(Summit Facility
Construction)
Santiago, Chile

Rockterra
(Summit Civil Work)
La Serena, Chile

AURA Rencoret
(Telescope and Site (Base Facility

Summit Team) Construction)

La Serena, Chile Santiago, Chile

European Industrial
Engineering
(Dome subsystem)
Venice, ltaly

Telescope and Site




Project Executed by Global Team of Staff and Contractors &=
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Univ, of Alaska Anchorage Inigo Films (historical media : :
(education advisors) - construction & interviews) : NOIR (video production)

Anchorage, AK Toronto, Canada ; / London / New York / Prague

)
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University of Arizona Adler Planetarium
(education advisors) | (Planetarium and citizen

Tucson, AZ science support)
Chicago, IL

Data2Dome / ESO
A (planetarium data integration)
Garching, Germany

Theresa Neil Strategy +

AURA | .
D d
(Education & Public esign (Usedreiéae)rlence an

Outreach Team) L P
Tucson, AZ ustin, T2

Science Office (3D
modeling)

AURA Lisbon, Portugal
(Chile EPO Coordinator)

La Serena, Chile

Education and Public
Outreach
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Previous Public Talks and much much more......

Available on LSST
YouTube Channel
and our public
website
www. Isst.org

b Follow us O O o @

) -

Large Synoptic Survey Telescope

854 subscribers

12


http://www.lsst.org/

Large Synoptic Survey Telescope (LSST) Status

All Across the Project
efforts are successfully
transitioning to reality

LSST Project & Community Workshope Tucson, AZ « August 15, 2019 13



LSST Summit - 15 August

2019
Live WebCam #2
http:/ls.st/cyc
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Primary Mirror Polishing Completed in 2014

r |
_ ZAS RICHARD F.CARIS
g ‘| MIRROR LAB

Steward Observatory

15



A “Mirror” is a Complex Assembly

Laser Tracker
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M1M3 Mirror Cell Personnel
and Support System Access Door

LSST Project & Community Workshope Tucson, AZ « August 15, 2019 16















P
_. .5

oEmw. ﬂl.ln

R s
=
=
=
e




LSST Project & Community Workshope Tucson, AZ « August 15, 2019



M1M3 video thru tunnel







M2 Coating - 16 July 2019

Protection Layer: Si;N, @ 4nm

Adhesion Layer: NiCr @ 0.5nm

Reflector Layer: Ag @ 86 nm

Adhesion Layer: NiCr @ 5nm

Glass substrate
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- Stiff 300 ton moving
structure

- 10 deg /sec rotation

S - 10 deg/sec?
3 acceleration

26






Telescope Mount Assembly in Factory Test
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es of Sky

A Camera to Capture 3.5 degre

)
\\
“\\

Focal plane
Behind L3 Lens

Utility Trunk—
houses support
electronics and
utilities

Cryostat—contains focal
plane & its electronics

| ... ° Largestelectronic camera built
g \ y7y - for ground based astronomy
N | » 5 of 6 filters on board

L2 Lens

L1 Lens
Camera % Section

LSST Project & Community Workshope Tucson, AZ « August 15, 2019 29
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&% 63 CM Diameter Focal Plane with 3.2 GigaPixels &=Su®f
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Raft Electronics Board (REB)
Raft with Custom Integrated circuits make
Sensor a 166M Pix camera

Assembly N /
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4K x 4K
Science
Sensor

189 sensors packed in 21
rafts of 9 sensors




* More than 380 Science
Sensors Delivered

”“ TELEDYNE €2V

-verywhereyoulook

All Rafts assembled at

Brookhaven National
Labs

JA\ University of Arizona

ARIZONA Imaging Technology Laboratory

LSST Project & Community Workshope Tucson, AZ « August 15, 2019 31
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Three Sensor Rafts
installed

Front View of empty

Cryostat !
o~ Cryostat with first rafts
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Camera Lenses Finished

i

_ Ball Aerospace leading L1 and L2
Assembly fabrication
* Lenses polished at Arizona Optical

* L1-L2 composite structure completed

L1-L2 assembly

AOS

L1 inspection Arizona Optical Systems

LSST Project & Community Wo 33
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Large Synopt/c SurVEy Te/escope '

LSST Operatlons

Sites & Data Flows

HQ Slte

Scuence Operatnons
Observatory Managément
Education & Public Outreach

Base Slte

N Base Center .
| Long-term storage (copy 1)

.Data Access Center
.'Data Access.&'User Servicgs :

L

adlonal Crnter tor -
:iL;]}!il‘i-_..“g_l TTD‘ plabcos

French Slte

Satelllte Processmg Center
Data Release Production -
Long-term Storage (copy 3)

-

LSST Data Facﬂlty

Processing Center
~_ AlertProduction
‘Data Release Production
Calibration Products Production
EPO Infrastructure ~ *
Long-term Storage (co'py 2)

Data Access. Center
" Data Access and User Servnces _

. ® .
Summit Site
Telescope & Camera
Data Acquisition
Crosstalk Correction *

'

.

Irvaqgery € 2017 Dele S0 NIAK LE Nury, NCA.&EBC& Ln‘m.bul ¢ Coperracus, BCAL LS Cechogrzud Scrvey, MCCOESA, Mup du 2017 Cu:;.h, I_PEGI Ustsd Sates  Tanme  Sand beeschiach  200#1i 0



LSST Data Processing and Data Access

A petascale
supercomputing system at
the LSST Archive (at
NCSA) will process the raw
data, generating reduced
image products, time-
domain alerts, and
catalogs.

1.655582

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

the data products to LSST users.

35



Education and Public Outreach Development Progressing well

Understanding Concentration Maps
The map below shows a small section of

the sky observed by LSST. Begin by

ideo showing LSST

selecting the star field image.

When there are lots of stars in an image, it

becomes impossible to quantify exactly
how many stars are in a particular area just

by locking at it. Since LSST will precisely

map the locations of about 17 billion stars

In Mapping the Milky Way,

students use LSST’s extensive sky
coverage and object density h: :
to discover the shape of our Galaxy | g -
and where we live within it ‘ 2  Interactive we dsite

‘ {\’- . - .
' Classroom investigations

: : - : «~~_ Citizen science
First Spanish-language user testing > LSST data--visualized!’

at Chile summer school

36



On schedule for First
Light in 2021 and start of

10-year Survey in 2022
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Hilton El Conquistador
Turquoise Ballroom

10000 North Oracle Road,Tucson, Arizona, 85704

SPEAKERS

Feryal Ozel,

University of Arlzona

The Large Synoptlc Survey Telescope (LSST) Is approachlng compLetlon |
on the Cerro:Pachon ridge in north-central Chile. When science opera- -
- tions begin in 2022, LSST will scan the sky with the world's largest dlgltal- o
~.camera, creating a 500 petabyte set of images and data prc "_'{'ts that "
~will address the most pressing questions about the structure and evolu- B
“tion of the universe and the objects N it. Among these objects are black i,
" "holes, objects so dense they v warp the fabric of. space-time, obJects ‘
~whose incredible propertles are’ only recently. becomlng known to us.” |
. You are invited to join us for an evening of black holé science and Iearn 7
about Tucson S Ieadershlp role in LSST s voyage of SCIehtIfIC dJscovery

Feryal Ozel is a Professor
of Astronomy and Astro-
physics in the Depart-
ment of Astronomy at
University of Arizona.
She has made pioneer-

INg contributions to the physics of neutron

Durlng thls publlc event, LSST PrOJect Manager Vlctor Krabbendam wnII ," o
" provide an update on LSST construction progress Unlver5|ty of Arlzona SR stars and black holes, as well as to the co-evo-
astrophysicist Feryal Ozel will discuss the latest black hole d|SCOVer|es lution of black holes and galaxies in the early

from the Event Horizon Telescope (EHT) and Northwestern Unlver5|tys I Al TR O . Y Lnverse b szel o thedoce sempal son
AR O SESSSRERESE L s e e R BT, group for the Event Horizon Telescope (EHT)

Raffaella Margutti'will-describe what we have learned from the first R Y Mot i Phiat releosca e T it IhaGc of (b Saieholtn

. -multi-messenger observations of a neutron star merger with graVIta- - L TREEE e R A s April of 2019. She made the first accurate
tional waves and Ilght and what mlght be revealed when LSST beglns b i measurements of the neutron star radii- that
-"ItS ten-year survey . i R it AR R O T constrain the ultradense matter equation of

state. Based on her work on accretion flows,
she made the first size predictions of the
Images of nearby.supermassive black holes
at different wavelengths.
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What IS a Black Hole?




ARIZONA

The Event Horizon of a Black Hole
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Degree

/\

60 Arcminutes

/\

60 Arcseconds

/\

1000 Milliarcseconds

/\

1000 Microarcseconds

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

ARIZONA







Black hole Very Long Baseline Interferometry

.
=
u // ~ Noise

Radio telescope

Hydrogen
. maser clock

Radio telescope s,

Hydrogen
- maser clock

@

ARIZONA



The Event Horizon Telescope

. 2017 Observations

ARIZONA
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UA SCIENCE

Astronomy

Event Horizon Telescope

Y/

°| & Steward Observatory
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The South Pole Telescope
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ta and Simulations Across the World

) - -

Google OR ) : s

Arizopd T

UITS/CyXerse 2

T

SMA @32

®EHT Telescopes

® Correlators
@® Calibration/Imaging

® Simulation/Model Comparison



Correlation Fringe Fitting
1/1,000 1/10,000

Data Module

Imaging
1/1,000
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Measuring the Mass of the Black Hole
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Black Hole Mass
=0.5 Billion Solar Masses
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When did the first How did they grow?
black holes form?

How do they affect

. How many are there”
galaxies?

s General Relativity complete”
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Hilton El Conquistador
Turquoise Ballroom

10000 North Oracle Road,Tucson, Arizona, 85704

SPEAKE RS

Raffaella Margutti,

Northwestern University

The Large Synoptlc Survey Telescope (LSST) Is approachlng compLetlon |
on the Cerro:Pachon ridge in north-central Chile. When sgience opera- - - ;.
_tions begin in 2022, LSST will scan the sky with the world’s largest dlgltal-- o
~.camera, creating a 500 petabyte set of images and data prc A"_'-'fts that "
~will address the most pressing questjons about the structure and. evolu-""-"
“tion of the universe and the objects N it. Among these objects are black
" "holes, objects so dense they v warp the fabric of. space-time, obJects “
~whose incredible propertles are’ only recently. becomlng known to us.”
. You are invited to join us foran evening of black holé science and Iearn
about Tucson S Ieadershlp role in LSST s voyage of SC|ent|f|c dlscovery

v Raffaella Margutti is an -

' Assistant Professor in the
‘ Department of Physics &
Astronomy at Northwest-
ern University. She utilizes

observations of transient astrophysical phenom-
ena including stellar explosions and stellar tidal
disruptions by supermassive black holes. She

Durlng th|s publlc event, LSST PrOJect Manager Vlctor Krabbendam WI|| ,: &
" provide an update on LSST construction progress Unlver5|ty of Arlzona S s
astrophysicist Feryal Ozel will discuss the latest black hole dlSCOVerles

from the Event Horizon Telescope (EHT) and Northwestern Unlver5|tys T Al TR R, . TN serves as the chair of the Gravitational Wave
 Raffaella Margutti will-describe what we have learned fromthefirst = =~ =~ = = . . . . source follow-up with LSST within the LSST
-mlti-messenger observations of a neutron:star mergerwith gravitasssss Sl o W g Transientand Variable Stars science collabora-

tional waves and hght Clale what mlght be revealed when LSST beglns L G R tion. Asan astrophysicist, her research s

pecifically focuses on the biggest explosions
and disruptions that occur in our Universe: Su-
pernovae, Gamma-Ray Bursts, compact stellar
mergers that are sources of gravitational waves
and tidal disruption events. Dr. Margutti investi-
gates the physics of these events by combining
broad-band observations across the electro-
magnetic spectrum, including X-ray, UV, optical,
IR, and radio. The primary goal of her research is
to understand the nature of the physical pro-
cesses that regulate such dramatic displays.

"'ItS ten-yea r SU rvey

tn
3
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» T e e

Office of Science

L ARANY - @EﬁEﬁ.éY& C Ty e ST 801502019 @ 7pm



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

Raffaella Margutti




Stellar Mass BHs Intermediate Mass BHs Supermassive BHs
Mass~| % Mass ~ 102-10% % Mass> |06 %

Black Hole Mass




Extreme Gravity




Stellar Mass BHs Intermediate Mass BHs Supermassive BHs
Mass~| % Mass ~ 102-10% % Mass> |06 %

Feeding on its own progenitor star Feeding on the companion star Feeding on host galaxy stars
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Tidal Disruption Event | | = Active Galactic Nucleus

~ Gamma-Ray Burst
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The Crab Nebula
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New Black




New Black Hole




, Light from
the compact object can escape



New Black Hole

New Black




HIC SUNT LEONES

[here be dragons]

nature
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Search E-alert Submit Login

International journal of science

NEWS - 02 NOVEMBER 2018

Holy Cow! Astronomers agog at mysterious new
supernova

An event known as ‘Cow’ that has rocked astronomy since June likely offers a close look at the
birth of a neutron star or black hole.

(or maybe cows...)



Image acquired with Keck-DEIMOS

200 Myr ago

y

_______ 1000 billions Sung, ’

18CoOW  NORMAL Supernova

10 billions Suns

------------------
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20 days . TIme
International journal of science Search E-alert Submit

NEWS - 02 NOVEMBER 2018

Holy Cow! Astronomers agog at mysterious new
supernova

An event known as ‘Cow’ that has rocked astronomy since June likely offers a close look at the

birth of a neutron star or black hole.
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How to form a (small) Black Hole

Method 1: Make a Big Star Explode

Method 2: Make two Neutron Stars Collide




- The Crab Nebula
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How do we form two Neutron Stars?
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TOTAL= 1 out of 100,000 makes It to the end



We have two Neutron Stars: :
Why they ca,n e JUSt keep orbltmg 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

OPTICAL 3 *-T

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



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

RADIO OPTICAL 1 X-RAY -




The unique
role of LSST:

Region of localization from the
detected
gravitational wave emission

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
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How to form a Black Hole

Method 1: Make a Big Star Explode

Method 2: Make two Neutron Stars Collide
Observed one event with GWs and light

Method 3: Make two Black Holes Collide
Observed many events with GWs

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



Black Hole - Neutron Star Merger

Gravitational Wave localization map fro LIGO/Virgo:

event ID: G347292
50% area: 133 deg?
90% area: 772 deg?

...from last night ...

Stay tuned!!
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Active Supermassive Black Hole in the Galaxy M8'7

Jet launched by the
supermassive black hole




Unveiling the population of dormant supermassive black holes

with Stellar Tidal Disruptions



Uﬁveilihg the.population of dorma,m; super:ma,ssive black holes
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'V|ct'c‘>r‘ Krabbenda'm. Feryal 029' Raffaella Marguttl

Unlver5|ty of Arlzona Northwestern Unlver5|ty

LSST PereCt Manager
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