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Vera C. Rubin Ohservatory Legacy Survey
of Space and Time (LSST)

- Cerro Pachon, Chile.

* Finalizing construction.
*8.4-m mirror

- 3200 Gigapixel camera

-6 optical filters (320-1050
nm)

9.6 deg?2 of field-of-view (40
full Moons)
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- Latest news (https:/www.Ilsst.org/news/



https://www.lsst.org/news/

Vera C. Rubin Observatory Legacy Survey of Space and Time (LSST]

The LSST dream started in mid 90’s

Tony Tyson — UC Davis: Roger Angel — U Arizona:
Dreamed of an all sky Dreamed of an optical
survey to explore Dark design for large wide-field
Matter and the time telescope

domain

3" 8.4
$/1 prman
/
—eTus a¥
£/1.25
'Du‘t Ml Tel e : :
4w P ‘.Q‘I‘.#uhn P
&ﬁ;’usm From Large Synoptic Survey Telescope (LSST) to the Vera C.
Rubin Observatory in 2019 Slide from Construction Status

SPIE, Austin, 2018



The Vera G. Rubin Observatory (Since 2019)

Survey of lots of objects in the sky over
time and timelapse. Streaks conceptually
represent connection of NOIRLab and
SLAC through this partnership.

‘ Teal colors connect to the
physical observatory.

Big Data is an important part of Rubin
Observatory. Straight lines with dots
at the ends represent traces on digital
electronic readout boards.

This represents community, ideas,
discovery, astronomy - different types of
objects. Varying sizes and shapes conveys
inclusivity.

R

First national US Observatory to

A c ) R U B I N be named after a woman! The full
O B S E R v A T O R Y name here celebrates this.

‘ Teal colors connect to the
physical observatory.




Observatory Construction Status



Rubin Observatory is

nearing Completion!
(on sky data later this year)







Rubin is well into Observatory Commissioning!
(test data is streaming off the summit)
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LSST Camera installed on telescope mount

Early 2025

System First Light and associated media splash

Late 2025 | o

Legacy Survey of Space and Time begins

Rubin Observatory,
Cerro Pachon

28 June 2022
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e Legacy Survey of Space and Time

In the first 10 years of operation, the Vera C. Rubin Observatory will execute
as its prime mission the Legacy Survey of Space and Time (LSST)

baseline v3.3 10yrs

A “Wide-Fast-Deep” uniform optical/near-IR sky survey & color movie
e Entire visible sky, (18000 deg?) every 3 nights
e ~825visits / pointing, ugrizy bands, r~27.5 (36 nJy),
e 20 billion galaxies, 17 billion stars

10 million alerts/night, 11 data releases over 10 yrs

Raw Data Final 10-yr dataset

6.4 GB/exposure ~6 million images | ~0.5 EB 10-year simulation of the LSST

(compressed) | 20 TB/night | data products | 15 PB final O ~

~5 PB per year catalog 0 150 300 450 600 750 900 1050 1200
Nvisits

Acronyms & Glossary
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LSST
Main Science Drivers Nosticievantiorthisiatdience

Dark Matter, Dark Energy i Cataloging the Solar System

" Weak Lensing : 2 T * Potentially Hazardous Asteroids

Baryon acoustic oscillations _' 3 e : * Near Earth Objects

* Supernovae, Quasars | | . . * Object inventory of the Solar System

Milky Way Structure & Formation ‘ Exploring the Transient sky

® Structure and evolutionary history é ’ * Variable stars, Supernovae
* Spatial maps of stellar characteristics o * Fill in the variability phase-space
* Reach well into the halo N * Discovery of new classes of transients

Ivezic et al. (2008), V5(2018) LSST SSSC Sprint #3  Virtual / Zoom * June 16, 2020




bR The Science Collaborations

VERA C.RUBIN
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The Rubin Observatory Science Collaborations (SCs) is a federation of independent, AGN
worldwide communities of scientists, self-organized into groups based on research
Interests & expertise. Dark Energy
>2000 people, 2500 affiliations, 6 continents, 33 countries, 8 teams.
Galaxies
<1\, Informatics &
}\/

3C Statistics

Strong Lensing

Stars, Milky Way &
Local Volume

Solar System

Transients &
Variable Stars

Science Collaborations Coordinator Will Clarkson wiclarks@umich.edu
For more information, including how to join: https://Isstdiscoveryalliance.org/lsst-science-collaborations/

Vera C. Rubin Observatory | AAS 243 Rubin Town Hall | 11 January2024 Acronyms & Glossary ‘ 26




Gravitational Lensing



Gravitational Lensing

* weak regime
» small distortion of
the images of the
galaxies

galaxy cluster

ensed galaxy images

distorted light-rays

—

{

strong regime L
weak regime » creation of multiple rmages
* gravitational arcs
* high-magnification (10-100
times the intrinsic lum.)

credit: NASA/ESA



Gravitational Lensing
Theory YR
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Lensing

Cluster scales

~-Line of
sight
DARK
MATTER

-
CLUSTER OF
o GALAXIES

GRAVITATIONAL
LENSING:

A Distant Source
Light leaves a young, : . s ~ gravity
star-iorming blue galaxy near
the edge of the visible universe.

A Lens
Of ‘Dark Matter’
Some of the hght
passes through a large
cluster of galaxies and sur- .
rounding dark matter, directly in the S T N i
line of sight between Earth and the : . e
distant galaxy. The dark matter's gravity : _ . WAY
acts like a lens, bending the incoming light. s ;

Seurce

Focal Point;:

el ‘L ahs
/ Earth Luoery |'."" LaTs) ': .’{.-'.4
4 ’:'%. Most of this light is PRI
.4 ~ scattered, but some is
VERA C.RUBIN focused and directed toward

OBSERVATORY Tony Tysen, Greg Kochanski and

1an Dell"Anlonin
Erank O'Connel] and Jam MeManus!
The New York Times

Earth. Obsarvers see multiple,
distorted images of the background

galaxy,



Strong Lensing

Galaxy Scales

Known lensed
quasars ~107, we
expect to find ~10° in
the next decade with
LSST.

Eoreground galaxy

TN
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LSST Strong Lensing Detection

LSST will find more strong gravitational

lensing events than any other survey before. 25000 I =
20000 | R ] E;cS:“Td-optimal )
c N B LSST-all
g o ' B LSST-best
Strong Lensing phenomena can provide information about: §
The total mass distribution of galaxies, groups and % o
galaxy clusters. 5000
Dark Matter structure on sub galactic scales ' =
Constrain cosmological parameters, constrain dark %0 05 10 15 20 25 30
energy. Oy, (arcsec)

High redshift transients and host galaxies
Place constraints in stellar mass functions.
And many more...
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Current project

Optimal image quality for Lens Detection

« Understand how the PSF is constructed, PSF T Ful Stack
spatial variation, PSF behavior in the different
filters.

Euclid LSST Best Epoch LSST ‘Good’ Stack

» Create DPO images (no lensing systems) with
Injected lens Images, and custom coadds. I.e. o
different coadds based on quality selection. * 9 3 9

» TJest finding algorithms for different qualities
of the images, Use simulated images to test | pana
how well we recover physical parameters
(MsC and PhD students at UG)

» |In summary: We are preparing for real data to
come...

[ ]
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Mexican Participation



m- LSST-México Participantes Proyectos Convocatorias Contacto

LSST-MX

A bumped road

LSST-MX

Participacion mexica en el Observatorio Vera Rubin y la
Investigacion del Espacio-Tiempo como Legado para la
Posteridad (LSST)

« 2015-2016 Fronteras de la ciencia Call (unsuccessful)
« $200, 000.00 USD per License (1PI, 4 JA)

e 2017 Internal call at UG (unsuccessful)
« $400, 000.00 USD per License

e Fall 2019 Letter of intent for joint proposal by UG-UNAM
for in-kind contributions.

e Fall 2020 Formal proposal lead by UG+UNAM for in-kind
contributions. ~20 Researchers involved, 5 institutions.
(Plan for success!)

* Spring 2021 Proposal accepted by LSST

X o
- - il
* Fall 2021 Start of the contributions work plans and i » N8}
deliveries. Bl
* Spring 2022 Almost all contributions started. o2 Neop
« 2024: +50 Researchers, including students from different e Cinvestav
—=. levels and institutions, and contributions are ongoing. Stude_nts and postdocs can join at any t|_m.e.
&g’c’;‘;} Full Time researchers and lecturers can join
FesERVATORY through an annual call

https://fisica.ugto.mx/~Isstmx/



LSST-MX

“In-kind” contribution

Full participant list in https://www.Isst.org/scientists/
iInternational-drh-list

+5
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https://www.lsst.org/scientists/international-drh-list
https://www.lsst.org/scientists/international-drh-list
https://www.lsst.org/scientists/international-drh-list

LITE IDAC LSS-TMX

LABORATORIO DE MODELQOS Y
DATOS DE LA UNAM

Propuesta que conjunta recursos fisicos, tecnoldgicos y humanos ya existentes y/ o nuevos de
Cémputo de Alto Rendimiento y Datos los cuales son administrados de un modo eldstico que propicia
el maximo aprovechamiento en el uso de la infraestructura.

ANTECEDENTES INFRAESTRUCTURA PROYECTOS BENEFICIADOS

www.lamod.unam.mx

2000 cores
6 Petabytes
10 Gbps connectivity
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IDAC LSSTMX
1.6 Petabytes
200 cores

Catalogs/Tables 10"9
raws
200 Columns
PostgreSQL

1. Object Catalogues
2. Derived Products
3. CoaddedImages

ganglia



LSST Science Collaborations

Mexican participation in 4 of them

Lensing

Transients
& Variable

Stars 1

Science
Collahorations

Galaxies

Active
Galactic Stars Milky
Nuclei Way & Local
Volume
N
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+ service through the International
Data Access Center



If you are in Mexico City this November 9th

Visit our thematic tent at Noche de las estrellas

Noche:- ®

- ESTRELLAS

e R . X 9denoviembre de 2024

58. Ver(a) el Universo eon Rubin .7 9¢ _.
Ofreceremos una gran variedad de actividades para dar a conocer al Observatorio Vera Rubin, la

ciencia que se realizara con é€l, y la participacion de la comunidad mexicana dentro de esta importante
colaboracion internacional.

Coordinador: Luis Alberto Martinez Medina

Instituto de Astronomia, UNAM

Actividades para publico en general

N
TN http://www2.astroscu.unam.mx/uc3/index.php/80-inicio/87-noche-de-las-estrellas
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More on LSST and data access




LSST data products

The LSST Data Products are organised into three main categories:

A stream of ~10 million time-domain events per night, detected and
transmitted to event distribution networks with 60 seconds of observation.

A catalog of orbits for ~6 million bodies in the Solar System

Previously "Level 1” data products

A catalog of ~37 billion objects (20B galaxies, 17B stars), ~7 trillion
observations (“sources”), and ~30 trillion measurements (“forced sources”),
produced annually, accessible through online databases.

Reduced single-epoch, deep co-added images. Previously "Level 2” data products

User-produced added-value data products e.g deep KBO/NEO catalogs, variable star

classifications, shear maps, etc ...

N Enabled by services and computing resources at the Data Access Centers and via the

| LSST Science Platform
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Previously "Level 3” data products



LSST Data Previews

 DPO: Simulated LSST-like data products available
through the Rubin Science Platforms (RSP)

e Data from the DESC Data Challenge 2. Contains
extragalactic and galactic objects, and some
time-domain objects such as Type la
supernovae, AGN, and variable stars, but does
not contain Solar System objects. See The | o
LSST DESC DC2 Simulated Sky Survey = s b o st anauesst gt ot ORE TR o
(arXIV 20-1 005926) : i 3 ‘ | Jupyter notebooks in the cloud data with Virtual Observatory interfaces (SRS

 DPO0.1 data processed with curren Rubin | : e
Pipeline

 DPO0.2 data processed with Rubin Pipeline by
March 31 2022. 900 Delegates

 DP0.3 is out: Solar System simulated object

VERA C.RUBIN Portal Notebooks  APIs Documentation Support  Community

j Portal Notebooks APIs

catalog.
n L} | ]
* DP1: Subset of commissioning Images
n
3 - . . . . Rubin Observatory is a joint initiative of the National Science Foundation (NSF) and the Department of Energy (DOE). Its primary mission is to carry out the Legacy Survey of Space
L - u CO I I l I I l I SS I O n I n g I I I l ag eS and Time, providing an unprecedented data set for scientific research supported by both agencies. Rubin is operated jointly by NSF's NOIRLab and SLAC National Accelerator
Laborator y (SLAC). NOIRLab is managed for NSF by the Association of Universities for Research in Astronomy (AURA) and SLAC is operated for DOE by Stanford University.

R1: Survey images from first year

| data served in a format such as the future LSST
ata releases through the SRP

>0 O O

........

;NO'R o1 A f.«‘?"“.,t U.S. DEPARTMENT OF
“Qlab AURA s~ (U/ENERGY

O

+
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 Documentation and tutorials are publicity available, but most of such can only be run
through the RSP.



Get familiar with the brokers and prepare for LSST

ZTF coverage

Each ZTF field is shows the number of alerts found between the specified dates. The area of each
square is proportional to the number of alerts, with red for r-filter and green for g-filter. The special
date "today" means the current UTC date.

3 ence | @ cowwioas Template | @ s0wwiLOAD | ference | @ DowWNLOAD

From 20210804 To 20210805

Vs =]

& ANTARES ~#P 10.20 PM

. , N Hit on watch list Legacy ANTARES Watch List (Slack Channel: UMKORA2Q2):
Lasair coverage Object: Sco X-1(244.97916666666663, -15.640277777777778)
viewer Alert ztf_candidate:1654210633215015007 ra= 244.9793737 dec= -15.640399

mag= 14 .52 passband= Unknown

Hit on watch list Legacy ANTARES Watch List (Slack Channel: UMKORA2Q2):
Object: Sco X-1(244.97916666666663, -15.640277777777778)

Alert ztf_candidate:1654210633215015007 ra= 244.9793737 dec= -15.640399
mag= 14.52 passband= Unknown

ANTARES Slack watchlistg;;; o, watch tist Legacy ANTARES Watch List (Slack Channel: UMKORA2Q2):
Object: Sco X-1 (244.97916666666663, -15.640277777777778)
Alert ztf_candidate:1654211114515015017 ra= 244.9794742 dec= -15.640557

ZTF fields and number of candidates. To sort, click the column headings. mag= 15.01 passband= Unknown
S
+7 T Vera C. Rubin Observatory | Project and Community Workshop 2021 | 9-13 August 2021 Acronyms & Glossary 7
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Alert brokers

Rubin’s real time science

Alerts

Scientists

COMMUNITY
SCIENCE AND
DATA CENTER

Archives

+7—:\2 Vera C. Rubin Observatory | Project and Community Workshop 2021 | 9-13 August 2021 Acronyms & Glossary 2
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++—~ EPO Program is active in Operations!

VERA C. RUBIN
OBSERVATORY

Website live: rubinobservatory.org

Animated videos on YouTube, available in English and
Spanish

‘Welcome to thé'fu-tUre .

of a stfonomy

e O

Featured gallery posts

S % : - gy =
> 0 -<@NOIR = 1 A~
ﬁ\]bf: ':_!Lab AURA iy = TO8

S <

Try for a high score at spacesurveyors.app

Vera C. Rubin Observatory | AAS 243 Rubin Town Hall | 11 January 2024 Acronyms & Glossary ‘ 29
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Education & Public Outreach

Press Release

e New content regularly posted to News,
Events, Rubin Voices, and Education
sections

e Final version of new Coloring the Universe

formal education investigation released

e Ongoing external evaluation
website/social media focus groups
assessing reach/audience and measuring
learning/engagement

e [n 2023, social media accounts published
over 1000 posts, reaching over half a
million users and growing

e Increasing cadence of science releases to
build momentum towards first light

and wide s

Vera C. Rubin Observatory | AAS 243 Rubin Town Hall | 11 January 2024

Bringing the Universe to You - Rubin —
Observatory Premieres its Education
and Public Outreach Program

Teachers, students, and the general public can now
explore a suite of online, interactive experiences that

highlight Rubin Observatory and its science

Rubin Observatory Will Help

Unravel Mysteries of
Dark M
and Dark Energy e

October 11, 2023

Vera C. Rubin Observatory‘s unpreceden

ted deep
Ost precise map

eeeeeeeeee se

Rubin Observatory will Unlock
Fossil Record of Galaxy Cluster

Evolution

urvey will create m

eeeeeeeeeeeeee

nera will illuminate th

™ 9@ @rubin_observatory
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Rubin and LSST: Perspectives and challenges

For UG and the other participant institutions

* Consolidate our current participation

* Continue to grow the initial seed group into a great Mexican community that gets the
most out of LSST data.

* Transfer the know how to other non-participant institutions/researchers, so that LSST

data continues to be deployed once its public (LSST has a 2 year proprietary data
policy).

* |earn about DM and DE through Gravitational Lensing

* Take advantage of the LSST EPO (Education and Public Outreach) huge effort and
make accessible in Leon, Guanajuato.

- +f you are interested in joining talk to us (gonzalez.alma@fisica.ugto.mx)

RRRRRRRRRRR
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