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To accompllsh thls We need s _
1) a Iarge telescope mlrror to be sensmve 8m (6 7m)

2) a Iarge fleld of V|ew for sky scannrng speed 10 degz

3) h|gh spatlal resolutlon hlgh quallty Images o 2"/plxels:|}" L el

4) process |mages in realtlme and offllne to produce 10M

'nlghtly alerts and catalogs of all 37B objects

>=18000 sq de'grees" .

~800 visits per field o ,

2 visits per night (within ~30 min for aster0|ds) |
+ 5x10sq deg Deep Drilling Fields with ~8000 visits






https://s3.amazonaws.com/media-p.slid.es/videos/1075669/S5M7V3Ii/rubinslideshow.mp4

y rubsn_obasrvatony and T others

Pl _ b aarvabory LQiis, CEvesil SO0

The workd's lsrges! dgisl camern haa oificially besn netalsd
1 HSF-Da0E Vers C. Rubis Obssretory! B With this majger
Frabesilors dtieved, Rubst M Ao in it fined phade o Seiting)

sl ol revsaling long-sesdled "Firg! Lock™ magery lster Bhia
W = Dl I e e i Ll LN !

The car-tired LEST Comara was the final magor componsnt 1o
b bt e o CFel SRS RCOEE ™ Spann, Buken wil begen 1o
sCapiuraThel cimad with [P decade-iong Legscy Survery of
Space and Thrm, repeatecly scanning the tosptiusm inkght wioy
e Qe g e (e grERiE] DOSTNC M of GUF Lisfverse
v i ]

Once ondng lner thel you, RubDe &l b ety opeswed Oy
@riifgere e labising it @evniy s e _lab.

R maeg Bod Thes #wcinng mssgtons gl The bk 5 our
Sofien o The "Latest b LS I our lEsal

flistes, Eileman, Soculnl %

[ 4 ofckal! Ln clars Ggitsl s grands disl manda e @3kl
imnasiads en ol CRservalonio Ve ©. Rultin de KSF-DOE.

o 0 T Fonad o prushas wves ga revele Wi [n sspersdas
imdrpanedd O ln Prisera LuT®, jun propecio gus ) lamasa
mulla chy s dhebcadiad

La Chmara LSST, del tamaa S un sctemdnd, lus ol itams
‘comporsnie prncpsl o b kel en ol Inlecopin, Pronks,
Rubsn comensand 8 SCaphurarEIC Moy Con 5 rveriigeciin
el Eapazis-Toamges o Lipsds pava o posteridesl (LEST),
qus durirdh dad aficn, v eicerasch repotidamanis ol Sielo
reges vy O FaTERdered B, QRETHET N0 Ll petiuls cdamice
Pl gFane del Lisiverss creada pod L fomasssad [

Liria wind et el o0 Neapai @ Snades o saie oo, Raben gerd
Ofserack SONUAITeTSS bor Prirabasins_e4 de Bratpey e
BELILL y il _lah So @energy de HILULL

QY

ﬂ““ﬂ &y gauthsmnaraysn snd U7H
Adgach 11

(]



https://s3.amazonaws.com/media-p.slid.es/videos/1075669/YTbhW4ip/rubincamerainstall.mp4

artist (me) impression of the first image
taken by ComCam —

rgill Ranpal GIll LSST

Version en Espafiol mas abajo

All,

What an incredible milestone we’ve reached together! Last night, on October 24, 2024, we passed our
first end-to-end engineering test, marking a historic moment for all of us. Using the Commissioning
Camera, we successfully captured and transferred our first on-sky data from Chile to the US Data Facility
at SLAC. The excitement in the control rooms and online was electric, as decades of dedication and
innovation came to life. Look out for the public announcement coming soon.
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https://s3.amazonaws.com/media-p.slid.es/videos/1075669/uJGrOEwO/firstcomimageexp.mp4
https://rubinobservatory.org/news/rubin-completes-comcam-tests




Sphere Entertainment IMNSIDE

The Company behind the
$2.3 billion concert venue ...
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Rubin LSST Transients by the numbers
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https://arxiv.org/abs/2012.12392
https://arxiv.org/abs/2405.10781
https://iopscience.iop.org/article/10.3847/1538-4365/ac3bae/pdf
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~10k SuperLuminous Supernovae (from ~200)vi. 201
~400 strongly lensed SN la (from 10) aenseroa

~3.3M SN 1l 580k SN 1bC +iozek20

~300k SNIa (z<0.3) ~800k SNla (z<1) "well observed":....«
~50 kilonovae (from 2) setzer+19, ancreoni=ia (+ TOO)

2ZMASS  5D55 Vista Pan-STARRS ZTF LS5T
> 10 Interstellar Objects fom 2...0?) (1997)  (2000)  (2009) (2010) (2017) (2025)

True Novelties!
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Exploring the Transient and Variable

Optical Sky
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Exploring the Transient and Variable
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Exploring the Transient and Variable

Optical Sky
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Exploring the Transient and Variable

Optical Sky
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LSST survey strategy
optimization
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A vigorous and systematic research effort is underway to explore the enormously large parameter
space of possible survey cadences, using the Operations Simulator tool described in § 3.1. The
commissioning period will be used to test the usefulness of various observing modes and to explore
alternative strategies. Proposals from the community and the Science Collaborations for specialized
cadences (such as mini-surveys and micro-surveys) will also be considered.

LSST Science Book (2009)




in survey design this is a uniquely "democratic" process!

Rubin LSST survey design

Rubin has involved the community to an unprecedented level

Survey Cadence Optimization Committee
Rubin Institutes the

OpSim  OpSim V1.5

14 sims

O =& =&

2014 Opsim
and MAF
software
(Jones +
2014)

16 sims

2015-2017 2018

COSEP Community
Marshall & The  contribution
Science s:
Collaborations 46
https://ui.adsa  Community
bs.harvard.edu White
[abs/2017arXiv Papers
170804058L/ab https://www.
stract Isst.org/sub
Initial science  mitted-white
driven paper-2018

optimization of
LSST

SCOC

OpSimV1.7
173 sims

5/01/2019
SAC report
baseline
v1.7

el

2021
Community
contributions:
39
Community
Cadence
Notes
https://www.ls

st.org/content
/survey-caden
ce-notes-2021

https://www.Isst.org/content/charge-survey-cadence-optimization-committee-scoc

OpSim V2.x
>500 sims

E] ™= & |

31/12/2021
Phase 1 report
released
pstn-053.Isst.io

baseline v2.0
Major changes
to the footprint

OpSim OpSim OpSim
V3.0 V3.4 V4.0

31/12/2022 2024 2024
Phase 2 report Filter swap Phase 3 report
released ur;y, ne\;]v released
DStﬂ'(-)SS-lSSt-IO 2023t roughput pstn-056.lsst.io
baseline v3.0 Community baseline v4.0

: contributions
Sele'ctfon of e
Euclid Deep ol
Field South as &
5th DDF, Strategy
rolling : Desiderata

cr 14 responses:
o 17 e

DESC (3); GAL SC
(1); SMWLV (5);
SESEISSSE
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https://www.lsst.org/content/charge-survey-cadence-optimization-committee-scoc

Rubin LSST survey design

retro_baseline v2.0_10yrs All sky all bands: NVisits
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Rubin LSST survey design
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Rubin LSST survey design
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Rubin LSST survey design

baseline v3.2 10yrs All sky all bands: NVisits
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Rubin LSST survey design

baseline v4.0_10yrs All sky all bands: NVisits
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# pairs of observations (1e5)
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Eric C. Bellm et al 2022 Ap/S 258 13

Rubin LSST survey design up to 2018
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Days after merger

lgor Andreoni et al 2022 ApJS 258 5



https://iopscience.iop.org/article/10.3847/1538-4365/ac4602/meta
https://iopscience.iop.org/article/10.3847/1538-4365/ac3bae

Introducing Rolling Cadence

Current plan: rolling 8 out of the 10 years




Rubin LSST survey design up to 2018

Proposed 3 intranight obs

- Intranight color (near

2 within 1 hour in different filters —

Instantaneous)

1 at 4-8 hours separation w repeat filter

: 2-14 1d — alt_roll_mod2_dust_sdf 0.20
7/ hrs baseline_nexpl
~——— footprint_0
6 —— pair_times 55
ZTF =100

un
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Number of observation pairs
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[

I

o
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Eric C. Bellm et al 2022 Ap/S 258 13

# pairs of observations (1e5)

> Intranight rate of change
(~hour time scales)

Probability of fast transient
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ey
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Presto-Color, Bianco+ 2019
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62 % improvement
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newer simulations ->

4 - 24 hour gaps between epochs will enable kilonova parameter estimation
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Rubin ToO program

https://Issttooworkshop.github.io/
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Rubin ToO program

httpS//a I’XIV O rg/pdf/241 1 04793 too_combined s1.0 v3.4 10yrs note like ToO, GW_case%: Nvis

Rubin ToO 2024:

Envisioning the Vera C. Rubin Observatory
LSST Target of Opportunity program

Authors and Lead Editors: Igor Andreoni (1,2,3,4), Raffaella Margutti (5,6)

Authors and Section Editors: John Banovetz (7), Sarah Greenstreet (8,9), Claire-Alice Hébert
(7), Tim Lister (10), Antonella Palmese (11), Silvia Piranomonte (12), S. J. Smartt (13,14),
Graham P. Smith (15), Robert Stein (16)

Authors and endorsers: Tomas Ahumada (17), Shreya Anand (18,19,20), Katie Auchettl (21,22),
Michele T. Bannister (23), Eric C. Bellm (9), Joshua S. Bloom (5,24), Bryce T. Bolin (25),

Clecio R. Bom (26,27), Daniel Brethauer (5), Melissa J. Brucker (28), David A.H. Buckley G tase Tutal dme (hes) - O
(29,30,31), Poonam Chandra (32), Ryan Chornock (5), Eric Christensen (8), Jeff Cooke (33,34), BNS/NS-BH 240

Alessandra Corsi (35), Michael W. Coughlin (36), Bolivia Cuevas-Otahola (37), D'Ammando

Filippo (38), Biwei Dai (6,24), S. Dhawan (39), Alexei V. Filippenko (5), Ryan J. Foley (22), Lensed BNS 31

Anna Franckowiak (40), Andreja Gomboc (41), Benjamin P. Gompertz (15,42), Leanne P. Guy

(8), Nandini Hazra (43,44,45), Christopher Hernandez (46), Griffin Hosseinzadeh (47), Maryam BBH 11

Hussaini (48), Dina Ibrahimzade (5), Luca Izzo (49,50), R. Lynne Jones (8), Yijung Kang

(19,20), Mansi M. Kasliwal (16), Matthew Knight (51), Keerthi Kunnumkai (11), Gavin P Lamb Unidentified GW 16

(52), Natalie LeBaron (5), Cassandra Lejoly (28), Andrew J. Levan (53,54), Sean MacBride (55),

Franco Mallia (56), Alex 1. Malz (57), Adam A. Miller (58,59), John Carlos Mora (J. C. Mora) Grand total 298

(60,61,62), Gautham Narayan (63,64), Nayana A.J. (5), Matt Nicholl (65), Tiffany Nichols
(66,67,68), S. R. Oates (69), Akshay Panayada (70), Fabio Ragosta (71,72), Tiago Ribeiro (8),
Dan Ryczanowski (73,15), Nikhil Sarin (74,75), Megan E. Schwamb (76), Huei Sears (77), Nu case 6-18 hours
Darryl Z. Seligman (78,79), Ritwik Sharma (80), Manisha Shrestha (81), Simran Kaur (82),
Michael C. Stroh (59), Giacomo Terreran (10), Aishwarya Linesh Thakur (83), Aum Trivedi
(84), J. Anthony Tyson (85), Yousuke Utsumi (86), Aprajita Verma (87), V. Ashley Villar
(48,88), Kathryn Volk (89), Meet J. Vyas (84), Amanda R. Wasserman (63,64), J. Craig Wheeler
(90), Peter Yoachim (9), Angela Zegarelli (40)

PHA case <30 hours
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Rubin will see ~1000 SN every night!
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Photometric Classification

Featured Prediction Competition

PLASTICC Astronomical Classification
Can you help make sense of the Universe?

%’ LSST Project - 1,094 teams - 2 years ago

Overview Data

Overview

Description
Evaluation
Prizes
Timeline

PLAsSTICC's Team

highest participation of any astronomical Kaggle challenges

Notebooks Discussion Leaderboard Rules

Help some of the world's leading astronomers
grasp the deepest properties of the universe.

The human eye has been the arbiter for the
classification of astronomical sources in the
night sky for hundreds of years. But a new
facility -- the Large Synoptic Survey Telescope
(LSST) -- is about to revolutionize the field,
discovering 10 to 100 times more astronomical
sources that vary in the night sky than we've
ever known. Some of these sources will be
completely unprecedented!

$25,000

Prize Money

Join Competition

// x)ark Energy Science Collaboration

LSST: SC/'ence Collaborations CORPORATION

kaggle




The PLASTICC challenge
winner, Kyle Boone was a
grad student at Berkeley, and
did not use a Neural
Network!

He won $2,000
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https://arxiv.org/abs/1907.04690

Data-Driven Photometric Templates for stripped SESN it
FASTIab Flash highlight
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Most classifiers for variable stars use
Random Forest (not distance based)

In distance based classification, optimal
distances can be found for the class of
interest: flexible, customizable, efficient

Astronomy and Computing
Volume 48, July 2024, 100850

ELSEVIER

Full length article

Light curve classification with
DistClassiPy: A new distance-based
classifier

Add-Chisq (log scale)

S.Chaini ® & = A. Mahabal €9, A. Kembhavi ¢, F.B. Bianco @ f9h

https://arxiv.org/pdf/2403.12120.pdf
Astronomy and computing

Figure 1: A visualization of 16 (of the 18) different distance metrics we used throughout this work. In each subplot, we look at the equidistant loci measurin;
distance from the central point of the coordinate space (5, 5). The color background denotes the distance values, while contours are labeled accordingly. Note

L] . L] L]
- . ( :
the contours differ for each subplot, as the range of values the distance can take is different for each metric. To aid the readability of the plot, we use a log-: D ' St‘ l a Ssl P S I d d a rt h h I a I n I
representation for the last two metrics - Kulczynski and the Additive ChiSq because the high-power elements in the metric formula compress the distance scale. I

Correlation and Maryland Bridge metrics have not been visualized here as both require input data to be vectors, and not a 2-dimensional data point (see Appe
A).



https://pypi.org/project/distclassipy/
https://arxiv.org/pdf/2403.12120.pdf
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When they go high, we go low
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Persistent Observations Give
Extensive Time Lightcurves

0.8
Using LSST late-time photometry to constrain Type Ibc |
supernovae and their progenitors 0.6}
Luc Dessart’, Jose L. Prieto?3, D. John Hillier4, Hanindyo Kuncarayakti®:® and Emilio D. Hueichapan? 0.4l

LSST color-color magnitude diagram for the Type Ibc simulations from
100 to about 450 d after explosion. We show the color curves I - ivs.g ~ 0.2}
— I for our He-star explosion models from 100 d (indicated by a star i
symbol) until the end of the simulation at around 450 d. Dots are equally 0.0
spaced in time every 20 d. The arrow corresponds to the color shift _ool
caused byAV= 1 mag.
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Quiescent, X = 1.22 Flaring, X = 1.22 Difference

OPEN ACCESS
Every Data Point Counts: Stellar Flares as a Case Study of
Atmosphere-aided Studies of Transients in the LSST Era

Riley W. Clarke, James R. A. Davenport, John Gizis, Melissa L. Graham, Xiaolong Li, Willow Fortino,
Easton J. Honaker, lan Sullivan, Yusra Alsayyad, James Bosch = Show full author list
Published 2024 June 10 « @ 2024. The Author(s). Published by the American Astronomical Society.
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() The Astrophysical Journal Supplement Series, Volume 272, Number 2

Rubin LSST Survey Strategy Optimization
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Rubln EUC|Id Derlved Data Products
Inltlal Recommendatlons ; :

JOURNAL ARTICLE
Type Ia supernova observations combining data
from the Euclid mission and the Vera C. Rubin

Observatory @
A C Bailey ™, M Vincenzi, D Scolnic, J-C Cuillandre, J Rhodes, | Hook, E R Peterson,
B Popovic

Over the five-year window considered in this
analysis, we predict to have 18 000 SNe la
with at least five LSST observations (in any
filter) with SNR > 3 [...]However, we predict
that approximately 3700 SNe will have at

least five Euclid detections with SNR > 3, and
1900 SNe will have at least ten detections

with SNR > 3 from Euclid.




' Rubln Euclld Derlved Data Products | baseline v4.0_10yrs All sky all bands: NVisits
Inltlal Recommendatlons
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10k SN in Euclide DDF South

The Rubin-Euclid Derived Data Products Working Group and Community ::;A;:‘um




The LSST
Science Collaborations



The LSST

Science Collaboratiogs ..
SCIENCE is for

A community of practice funded on
principles of Equity, Inclusivity,
Cooperation
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The first ground-based national US
observatory named after a woman, Dr.
Vera C. Rubin




An international community of practice built on principles of cooperation, equity, and solidarity




Rubin LSST Science Collaborations

8 teams
_ >2000 members
fiéc >2500 affiliations
oy, 5 continents

Galaxies

¥ 1ssc




Rubin LSST Science Collaborations

TVS ROADMAP TO SCIENCE

https://arxiv.org/abs/2208.04499 B



https://arxiv.org/abs/2208.04499

TVS Science Collaboration
Fast Transient Subgroup

join TVS! no fees no
minimum req

Chair: Igor Andreoni Shar Daniels

NSF Graduate
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Rubin LSST Science Collaborations

LSST TVS workshop 2018

Large Synoptic Survey Telescope Corporation

Transients and Variable Stars workshop

Naples April 9-11, 2018

INAF — Osserva

torio Astronomico di Capodimonte

mm

Large Synoptic Survey Telescope  coRPORATION J

LSST - Large 8-10 October 2018
Synoptic Survey Palazzo dei

Telescope - Special Normanni
Programs Workshop 2/ @y



https://Isstdiscoveryalliance.org/



https://lsstdiscoveryalliance.org/

15-Apr-2025 04-Jul-2025

~6-9 Jlerts build first data release
months & ~1.5-2y from now

The First Look press conference is/tentatively scheduled for June 17 2025

. Wide-Fast-Deep + Deep Drilling Fields
First .Systt?m Start LSST + ToOs + mini-surveys StarlLSST
Photon First Light Year1 Year 2

Incremental Template Generation

On-sky Engineering; l System Science l —

Active OPF“? System Optimization Validation DP2 Processing + Science Validation LSST DR1 processing + Science Validation
Commissioning Surveys —
I
12 weeks + 18 weeks + 6 months ! 6 months
contingency contingency :
vA¢ :
System First Light *": Best-effort release of Survey preliminary | Continuous release of Prompt Processed Visit Images

Event Prompt Processed Visit images l

Higher latency

alerts Increasing Live Alert Stream PPDB available for query, PP DIA catalogs/postage stamps, Solar System catalogs
Community Alert
Broker Integration
Data Preview 1 vy vAs Data Preview2 — vl LSST DR1 Ag
Subset of DRP processed visit images 4.- “'."' DRP coadd images, objects, 4 Data Release Processing v

’g* . DIA catalogs, forced sources;
All current-draft construction  ¢ommissioning science validation data
tech notes on science

Science Performance Construction
performance available Papers Complete | S. St/ d d te S

from System First Light to familiarize v
community with a small amount of on-sky data

from first 6 months of LSST




thank you!

federica bianco

Rubin Construction

Deputy Project Scientist

University of Delaware

Department of Physics and
Astronomy

Biden School of Public
Policy and Administration

Data Science Institute

fbianco@udel.edu

https://slides.com/federicabianco/padova25bianco


https://s3.amazonaws.com/media-p.slid.es/videos/1075669/zxcV8reO/darkuniversenosn_slow_small.mp4
https://slides.com/federicabianco/padova25bianco




LSST Science Drivers

VERA C. RUBIN

Four science programs as the key drivers of the science requirements

Probing Dark Matter & Dark Energy Inventory of the Solar System

+ Comprehensive small body census
= Comets &I1SOs
+ Planetary defence

» Strong & Weak Lensing
» Large Scale Structure
» Galaxy Clusters, Supermovae

Mapping the Milky Way Exploring the Transient Optical Sky

+ Variable stars, Supernovae
# Fillin the variability phase-space
* [Discovery of new classes of transients

# Structure and evolutionary history
» Spatial maps of stellar characteristics
* Reach well into the halo




Objective: provide a science-ready dataset to transform the 4 key science area

102 -
20TB

To accomplish this, we need: E 10!

1) a large telescope mirror to be sensitive - 8m (6.7m) = ]
2) a large field-of-view for sky-scanning speed - 10 deg2 &
3) high spatial resolution, high quality images - E

0.2"/pixels 3- 107 -

4) process images in realtime and offline to produce live g ]
alerts and catalogs of all 37B objects ©
]
T

- 1[]—1_:

1072 -

2MASS SDSS  Vista Pan-STARRS ZTF LSST
(1997) (2000) (2009) (2010) (2017) 2075




At this level of

everything is blended,

everything is moving.

Field of View' 9.6 sq deg

Image resolution’ 0.2" (seeing limited)
DDFs' 5 DDF

Standard visit' 30 sec

Photometric precision' |5 mmag

Photometric accuracy' 10 mmag
Astrometric precision’ 10 mas

Astrometric accuracy' 50 mas

' requirement: Is.st/srd

*simulation pstn-054.Isst.io



https://ls.st/srd
http://pstn-054.lsst.io/

At this level of

precision,everything is variable,

everything is blended,
everything is moving.

ugrizy

Photometric filters'
saturation limit'

# visits*

mag single image*
mag coadd*
Nominal cadence

ugrizy

~15,16, 16, 16, 15, 14

53,70, 185, 192, 168, 165
23.34, 23.2, 24.05, 23.55 22.03
25.4,26.9, 27.0, 26.5, 25.8, 24.9
2-3 visits per night

'requirement: Is.st/srd

*simulation pstn-054.Isst.io

MYSUC (Gawiser 2014) 1 mag shallower
than LSST coadds


https://ls.st/srd
http://pstn-054.lsst.io/

Rubin LSST Science Collaborations

@ s

@ Dark Energy (DESC)
@ Galaxies

Informatics and Statistics

@ Strong Lensing

@ Stars, Milky Way, and Loval Volume

@ Solar System

@ Transients and Variable Stars

number are quite a bit larger now! this plot is from ~2022
on the right is a connectivity network for the SCs




Rubin Observatory Status





https://s3.amazonaws.com/media-p.slid.es/videos/1075669/dbTKJc1G/timelapse_2022__1_.mp4
https://s3.amazonaws.com/media-p.slid.es/videos/1075669/dbTKJc1G/timelapse_2022__1_.mp4
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https://s3.amazonaws.com/media-p.slid.es/videos/1075669/VuvvDmJJ/tma_moves_december_22__2_.mp4




Sphere Entertainment IMNSIDE

The Company behind the
$2.3 billion concert venue ...



https://s3.amazonaws.com/media-p.slid.es/videos/1075669/rESa2aDc/the_sphere.mp4
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https://s3.amazonaws.com/media-p.slid.es/videos/1075669/G43eUsGH/comcamskyvid1__1_.mp4
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artist (me) impression of the first image
taken by ComCam —

rgill Ranpal GIll LSST

Version en Espafiol mas abajo

All,

What an incredible milestone we’ve reached together! Last night, on October 24, 2024, we passed our
first end-to-end engineering test, marking a historic moment for all of us. Using the Commissioning
Camera, we successfully captured and transferred our first on-sky data from Chile to the US Data Facility
at SLAC. The excitement in the control rooms and online was electric, as decades of dedication and
innovation came to life. Look out for the public announcement coming soon.




N Community forum

VERA C.RUBIN

https://community.lsst.org/c/news/7

On-sky Commissioning Updates

B News commissioning-update

bechtol Keith Bechtol LSST Nov 1

During the periods of on-sky commissioning using the Commissioning Camera (ComCam) and LSST Camera
(LSSTCam), Rubin Observatory plans to share brief technical updates on the progress of on-sky commissioning
activities with the Rubin science community on a roughly weekly cadence. These posts complement existing
communications products.

Posts will appear on the LSST Community forum in the “News” category with the “commissioning-update” tag
and on the LSSTC Slack workspace in the new #commissioning-updates channel.




2024-11-01 On-sky Commissioning Update

B News commissioning-update

bechtol Keith Bechtol LSST Nov 1

As announced 3, on Thursday 24 October 2024, on-sky data taking began with the engineering test camera for
commissioning (ComCam) installed on the Simonyi telescope 3 .In a complicated system, many hardware and
software systems must work all together. Decades of effort paid off: the telescope optical alignments were
remarkably close to optimal before even looking at the sky, with the ComCam focal plane within about 1mm of
being in-focus, and the initial model for gravity-induced distortions of the mirror, which are compensated by
the active optics system (AOS), was enabled and used to refine the focus and alignment. The system was soon
delivering a total image quality around 1.5 arcsec, even with most of the optical adjustments and
environmental controls not yet fully in place. The Data Management system has successfully processed a
subset of in-focus images through single-frame measurement to provide initial astrometric and photometric
solutions for individual visit images within minutes of acquiring the exposures.

We have many months of effort and challenges ahead, but the experience during the first week of ComCam on-
sky commissioning bodes well. The highest-priority activity of the coming weeks is to commission the AOS so
that it runs automatically and reliably in this real environment.




2024-11-08 On-sky Commissioning Update

B News

&

commissioning-update

bechtol Keith Bechtol LSST 25d

Progress continued during the second week of on-sky commissioning with ComCam. Per plan, the main
emphasis in this period is on Active Optics System (AOS) commissioning. Early in the week, the end-to-end
system was successfully run in a closed loop configuration (triplets of intra-focal, extra-focal, and in-focus
images; wavefront analysis; apply recommended updates to telescope parameters; iterate) for rigid body as
well as a subset of mirror figure bending mode degrees of freedom. This marks an important achievement by
the team. Significant time was also spent verifying the wavefront response to applying various optical degrees
of freedom. Over time, the delivered image quality continued to improve, demonstrating the capability to
deliver sub-arcsecond PSF FWHM, even with many of the optical adjustments and environmental controls not
yet fully in place.

As the delivered image quality becomes more stable, the team is beginning to take sets of repeated visits of a
given field with focal-plane-scale dithers around a pointing center for science pipelines commissioning. The
data management system has begun testing the internal astrometric solution and image coaddition with the
on-sky ComCam data.

Most of the earlier data taking was in r-band, and now other bands (g and i) are also in the rotation.

In the coming weeks, the emphasis will continue to be on AOS commissioning and making the whole system
run more efficiently. The current plan is to continue on-sky ComCam data taking through mid-December.




2024-11-15 On-sky Commissioning Update

M News

&

commissioning-update

bechtol Keith Bechtol LSST 18d

Active Optics System (AOS) commissioning continues as a main area of emphasis in the third week of the on-
sky commissioning campaign with ComCam. The AOS system for the Simonyi Telescope includes two control
loops. An open control loop uses a look-up table to make predictable adjustments for the optical degrees of
freedom based on telescope elevation, temperature, and potentially other variables. A closed control loop uses
wavefront sensing from out-of-focus “donut” images to make additional refinements between successive
exposures. This week, closed-loop control using bending mode degrees of freedom for both the primary-
tertiary (M1M3) and secondary mirror (M2) optical surfaces simultaneously was demonstrated. Using iterations
of wavefront estimation and application of the computed corrections, the team observed steady convergence
towards improved delivered image quality. PSF FWHM at the level of 0.7" was achieved on multiple nights. As
noted in previous updates, environmental controls are not yet fully in place, and the current tests are using a
subset of the AOS degrees of freedom.

Observations for Science Pipelines commissioning continued in parallel, interleaved with AOS commissioning.
The ComCam filter exchanger holds three filters at a time. Over the course of the past week, the g filter was
exchanged for u, and then u and for z as the moon approached full. An initial set of roughly 20-30 visits were
acquired for each of the ugriz bands within an area of approximately 1 square degree located within the LSST
Deep Drilling Field Extended Chandra Deep Field-South. Early tests of difference image analysis were carried
out using observations in the same field in the same band across multiple nights. This dataset has also
enabled early tests of the internal photometric calibration, showing encouraging results, even without a full set
of calibration data products.

The telescope motion has also increased this week as testing and analysis demonstrates control of the inertial
forces experienced by the mirrors during slews from one telescope position to another. Looking ahead, the
team plans to test the AOS across a broader range of telescope elevation and azimuth angles to verify the open
control loop and examine the closed loop performance across a wider range of conditions. This increased
observing efficiency would also allow Science Pipelines commissioning observations to consider targeting a
small set of fields in a preliminary survey mode.




2024-11-22 On-sky Commissioning Update

B News commissioning-update

&

bechtol Keith Bechtol LSST 11d

Itis the fourth week of on-sky commissioning with ComCam, and we are now about halfway through the
planned duration of the campaign.

Active Optics System (AOS) commissioning continues to test both the closed loop and open loop systems. The
AOS closed loop is now running with more than 90% of the optical degrees of freedom enabled, including the
camera and secondary mirror (M2) hexapods that control the rigid-body relative positioning of the optics, and
all of the lower order bending modes for the primary-tertiary mirror (M1M3) and M2 optical surfaces. Tests
have been performed to evaluate the closed-loop convergence, for example, using shorter exposure times,
adjusting the gain of the control loop to converge quickly while avoiding overfitting with noisy measurements,
using various approaches to optimize image quality while avoiding movement along degenerate degrees of
freedom, and using an alternative wavefront estimation algorithm that requires observations on only one side
of focus. The team has begun scans in telescope elevation to verify the open loop look-up tables. Collectively,
these tests are gradually making the AOS more efficient and reliable across a range of conditions.

Science Pipelines commissioning observations are continuing as opportunities allow between the AOS tests.
Filter exchanges for ComCam are occurring roughly once per week, coinciding with routine mirror cleaning.

This week, the z filter was exchanged for y, providing the first opportunity to obtain full-color six-band ugrizy
coverage of a field, the Extended Chandra Deep Field South (ECDFS) LSST Deep Drilling Field. Flux
measurements of stars in this field from observations across multiple nights and a range of airmass from 1.0 to
1.4 are repeatable at the 1% level for the u band, and 0.5% level for griz, before using the full set of planned
calibration systems. The repeated observations of ECDFS have also been used to build prototype templates for
difference imaging tests. The Data Management System demonstrated, for the first time with ComCam data,
Prompt Processing with Difference Image Analysis (DIA) running to completion and producing candidate DIA
sources and associated Alerts for the purpose of internal pipeline verification and validation. Observation:
within a second LSST Deep Drilling Field, the Euclid Deep Field South, began this past week, and there is
currently rizy band coverage. The team currently plans to exchange the y filter for g during the upcoming ¢
time around the new moon.

One continued area of emphasis is increasing the overall efficiency and reliability during nighttime operat
The shutter open efficiency time has gradually improved during the first weeks of the campaign. The teles

AOS closed loop was operating with over 90% of the
optical degrees of freedom enabled.

Full-color six-band (ugrizy) coverage of the Extended
Chandra Deep Field South (ECDFS) LSST Deep Drilling
Field.

Flux measurements demonstrated high repeatability
across multiple nights and varying airmass.

The Data Management System successfully processed
data with Difference Image Analysis, producing
candidate sources and alerts.

Efforts were focused on increasing operational
efficiency, including shutter open efficiency and
telescope motion speed.

One continued area of emphasis is increasing the overall efficiency and reliability during nighttime operations.
The shutter open efficiency time has gradually improved during the first weeks of the campaign. The telescope
commanded speed also continues to increase gradually, reaching up to 10% of maximum motion during the
past week, while testing and analysis of the inertial forces on the mirrors continues. The slew-and-settle time
will be optimized as the telescope motion increases. As telescope motion increases, tests to verify the
telescope pointing model over the full range of elevation and azimuth angles will also become more efficient.

To maximize the utility of observations for Science Pipelines commissioning during the late stages of the
ComCam on-sky campaign, repeated visits distributed across multiple bands will be collected for the same
fields across many nights. The team has identified a set of target fields that are visible over the next weeks, and
plans to concentrate the available time for preliminary survey-mode observations on these fields. Details will
be described in more detail in the Rubin Observatory Plans for an Early Science Program document (RTN-011
8).




2024-11-29 On-sky Commissioning Update

B News commissioning-update

bechtol Keith Bechtol LSST 4d

We are now in the fifth week of on-sky commissioning with ComCam. Observations with ComCam are
continuing throughout the Thanksgiving holiday week.

Earlier in the week, the pointing model for the Simonyi telescope was verified for elevation angles above 45
degrees and over the full range of azimuth angles. In parallel, the Active Optics System (AOS) commissioning
effort has continued testing the open loop look-up tables, including scans of telescope elevation angles and
camera physical rotator angles, along with continued testing of multiple wavefront estimation algorithms and
optimization of the AOS closed loop system. Together with the increased telescope motion described in the
previous update, progress along these fronts has enabled observations of more fields across the sky. Sufficient
imaging in both the r and i bands to build templates for difference image analysis testing has now been
acquired for six target fields spanning a range of stellar densities, and including a target field near to the
ecliptic plane. This week marked the first association of Solar System Object detections across multiple
individual visits in Prompt Processing. The team set a new single-night record of 99 in-focus visits taken with
Feature Based Scheduler (with the remaining time during the night being used for other engineering activities,
including AOS commissioning). The currently loaded filter set is gri as we enter dark time. Recall that ComCam
has space for three onboard filters, compared with five for the LSSTCam.




Locations of Target Fields Observed during On-sky Commissioning Campaign with
ComCam

B News commissioning-update

bechtol Keith Bechtol LSST 3d

1)

Rubin Observatory is sharing the central pointing coordinates for six target fields observed during the on-sky
commissioning campaign using the Commissioning Camera (ComCam). The intent is that this information will
help the science community to prepare for the Early Science Program (RTN-011 & ) and will enable near-
contemporaneous observations with other facilities.

The on-sky commissioning campaign with ComCam began on 24 Oct 2024 and is currently planned to
conclude in mid December. Technical updates on the progress of the campaign are shared on the LSST
Community Forum with the #commissioning-update 3 tagand on the LSSTC Slack on the #commissioning-
updates channel.

ICRS coordinates are shared in units of decimal degrees below.

Extended Chandra Deep Field South (ECDFS)
(ra, dec) =(53.13, -28.10)

Euclid Deep Field South (EDFS)
(ra, dec) =(59.10, -48.73)

Low Ecliptic Latitude Field (Rubin SV 387)
(ra, dec) =(37.86, 6.98)

Low Galactic Latitude Field (Rubin SV 95 -25)
(ra, dec) =(95.00, -25.00)

47 Tuc Globular Cluster (47 Tuc)
(ra, dec) =(6.02, -72.08)

Fornax Dwarf Spheroidal Galaxy (Fornax dSph)
(ra, dec) = (40.00, -34.45)
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Data Products
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Rubin In-Kind Contribution Program

https://www.lIsst.org/scientists/in-kind-program

Contribution

LSST-DESC, the mexican contribution

Speakers Primary authors

2. Dr. Josué DE SANTIAGO 2 Dr. Josué DE SANTIAGO (Cinve...

Content

In the following months, the Vera Rubin Observatory will start collecting data from the cosmos. The Dark
Energy Science Collaboration (DESC) will study the cosmological implications of the new data focusing in the
nature of the dark energy. In particular it will use five probes, namely supernovae, galaxy clusters, large-scale
structure, and weak and strong gravitational lensing. The Mexican team LSST-Mexico has gained data rights
thanks to an in-kind contribution program, allowing several Mexican scientists to work with the different
science collaborations in LSST. Two teams are currently working at different subjects in DESC. I will give an
overview of the expected science that will be obtained from this new data.



https://www.lsst.org/scientists/in-kind-program

N

world public!
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Exploring the Transient and Variable
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Exploring the Transient and Variable
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Exploring the Transient and Variable
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Exploring the Transient and Variable

Optical Sky
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Exploring the Transient and Variable
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Exploring the Transient and Variable 2024
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A vigorous and systematic research effort is underway to explore the enormously large parameter
space of possible survey cadences, using the Operations Simulator tool described in § 3.1. The
commissioning period will be used to test the usefulness of various observing modes and to explore
alternative strategies. Proposals from the community and the Science Collaborations for specialized
cadences (such as mini-surveys and micro-surveys) will also be considered.

LSST Science Book (2009)




Rubin LSST survey design

Operation Simulator (OpSim) Metric Analysi Framwork (MAF)

simulates the catalog of LSST observations Python API to interact with OpSims
+ observation properties specifying science performance on a
science case with a metric

class KN_lc(object):
""""Read in some KNe lightcurves

Parameters

file_list : list of str (None)
List of file paths to load. If None, loads up all the files
from data/bns/

def __init__(self, file_list=None):
if file_list is None:
datadir = get_data_dir()
# Get files, model grid developed by M. Bulla
file_list = glob.glob(os.path.join(datadir, "maf", "bns", "k.dat"))

filts = ["u", ugh, wpn, ngn o owgn uyu]
magidxs = [1, 2, 3, 4, 5, 6]

# Let's organize the data in to a list of dicts for easy lookup
self.data = []
for filename in file_list:
mag_ds = np.loadtxt(filename)
t = mag_ds[:, 0]
new_dict = {}
for ii, (filt, magidx) in enumerate(zip(filts, magidxs)):
new_dict[filt] = {"ph": t, "mag": mag_ds[:, magidx]}
self.data.append(new_dict)



https://www.youtube.com/embed/lihiuTTinYg?enablejsapi=1

Rubin LSST survey design

Rubin has involved the community to an unprecedented level
in survey design this is a uniquely "democratic" process!

OpSim
14 sims

o =
2014 Opsim
and MAF
software
(Jones +
2014)
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Rubin LSST survey design

Rubin has involved the community to an unprecedented level
in survey design this is a uniquely "democratic" process!

OpSim  OpSim V1.5
14 sims 16 sims

O =& =

2014 Opsim  2015-2017 2018

and MAF COSEP Community
R Marshall & The  contribution
(Jones + Science S:

Collaborations 46
https://ui.adsa Community
bs.harvard.edu White
[abs/2017arXiv Papers
170804058l /ab https://www.

2014)

stract Isst.org/sub
Initial science  mitted-white
driven paper-2018
optimization of

LSST

85% submissins led by SC members



https://observablehq.com/embed/@f7f7156e50925896/rubin-lsst-science-collaborations-cadence-white-paper-by-s?cells=chart

Rubin LSST survey design

Rubin has involved the community to an unprecedented level
in survey design this is a uniquely "democratic" process!

S u rvey Ca d e N Ce O ptl m |Zat| O N CO mm |ttee https://www.Isst.org/content/charge-survey-cadence-optimization-committee-scoc
Rubin Institutes the
_ , SCOC
OpSim  OpSim V1.5 OpSimV1.7
14 sims 16 sims 173 sims
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Rubin LSST survey design
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Rubin LSST survey design

Rubin has involved the community to an unprecedented level
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Rubin LSST survey design
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Rubin LSST survey design
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Rubin LSST survey design
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Rubin LSST survey design
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Rubin ToO program

19 deg™2 85 deg™2 OPEN ACCESS

L L Target-of-opportunity Observations of Gravitational-wave
Events with Vera C. Rubin Observatory

Igor Andreoni®®"23 (i), Raffaella Margutti? (), Om Sharan Salafia®® (1), B. Parazin’,

V. Ashley Villar®2 10 Michael W. Coughlin™ (2, Peter Yoachim'? (), Kris Mortensen' (2,
Daniel Brethauer?, S. J. Smartt™ (2} + Show full author list

10° 1 Published 2022 May 13 « ® 2022. The Author(s). Published by the American Astronomical Saociety.
The Astrophysical Journal Supplement Series, Volume 260, Number 1

Rubin LSST Survey Strategy Optimization
Citation Igor Andreoni et al 2022 ApJS 260 18

pos.eq.dec

i Target of Opportunity Observations of

Gravitational Wave Events with LSST
+80 authors!

The TVS Multiwavelength Characterization/GW Counterparts
subgroup,

Raffaella Margutti (chair, Northwestern),

10"12™ 00" 9n48™ 3™ 220™ 00" 1"40™
pos.eq.ra pos eqra

The main Rubin assets are the 10 sqdeg FoV + rapid slew + depth

PSTN-055 (2022): The SCOC recommends a ToO program be enabled to respond to
Gravitational Waves and MMA triggers with a fraction of < 3% of dedicated survey time,
with the possibility of extending it to additional types of targets in the future.

federica bianco - fbianco@udel.edu
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Rubin ToO program

https://Issttooworkshop.github.io/

114 signed up participants
42% in person

Program Officer

2024: Envisioning the Vera C. Rubin

LSST Target of Opportunity program
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Rubin ToO program
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Envisioning the Vera C. Rubin Observatory
LSST Target of Opportunity program
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What about fast
transients in the main
survey?
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Fast transients in LSST Wide Fast
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Rubin LSST survey design

The original survey plan didn't lead to good time domain
astronomy (TDA) outcomes:

2 intranight obs in same filer +
2 intranight obs in another filter ~5 day later

~800 per field
10 seasons, with each 6 months

2 visits per night (within ~30 min for Solar System Science)
revisit time => 4.5 nights

This will scatter significantly (weather, moon, ...)
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The original survey plan didn't lead to good time domain
astronomy (TDA) outcomes:

2 intranight obs in same filer +
2 intranight obs in another filter ~5 day later GRB =>
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10 seasons, with each 6 months
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Introducing Rolling Cadence

Current plan: rolling 8 out of the 10 years




Rubin LSST survey design up to 2018
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Intorducing Triplets

Current plan: rolling 8 out of the 10 years

Proposed 3 intranight obs

2 within 1 hour in different filters —
1 at 4-8 hours separation w repeat filter

Probability of fast transient
0.50

0.25

0.75

— Intranight color (near

AT;=0.5
AT>; =0.5

g=24

AT, =0.0
AT, =4.0

instantaneous)

Presto-Color, Bianco+ 2019

> Intranight rate of change
(~hour time scales)




Intorducing Triplets

Proposed 3 intranight obs — Intranight color (near
2 within 1 hour in different filters — instantaneous)
1 at 4-8 hours separation w repeat filter > Intranight rate of change

(~hour time scales)

g [mag/day]

T 05 0 05 1 15 2

g —r [mag] Ofek+ 2024




Intorducing Triplets

Current plan: 4% of the survey is currently conducted in triplets

Proposed 3 intranight obs — Intranight color (near
2 within 1 hour in different filters — instantaneous)
1 at 4-8 hours separation w repeat filter > Intranight rate of change

(~hour time scales)

g [mag/day]

T 05 0 05 1 15 2

g —r [mag] Ofek+ 2024




Kilonovae in LSST Wide Fast Deep
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Abstract

We present the final planned comprehensive recommendation for Rubin Obser-
vatory the Legacy Survey of Space and Time (LSST) survey strategy ahead of the
start of LSST. This recommendation is the product of a many-years-long iterative
process where community recommendations to maximize the scientific impact of
LSST across domains of astrophysics were reviewed, synthesized, aggregated, and
merged to define the overall plan for 10 years of LSST observations. The current rec-
ommendation builds on Phase 1 (PSTN-053) and Phase 2 recommendations (PSTN-
055) and, together, they define a 10-year plan for observing. Here we answer ques-
tions left open in PSTN-055, refine additional survey details, and describe the scope
of future activities of the SCOC.

Proposed reduction to 6 rolling years (3 2-year
cycles) to improve intrasurvey uniformity
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We present the final planned comprehensive recommendation for Rubin Obser-
vatory the Legacy Survey of Space and Time (LSST) survey strategy ahead of the
start of LSST. This recommendation is the product of a many-years-long iterative
process where community recommendations to maximize the scientific impact of
LSST across domains of astrophysics were reviewed, synthesized, aggregated, and
merged to define the overall plan for 10 years of LSST observations. The current rec-
ommendation builds on Phase 1 (PSTN-053) and Phase 2 recommendations (PSTN-
055) and, together, they define a 10-year plan for observing. Here we answer ques-
tions left open in PSTN-055, refine additional survey details, and describe the scope
of future activities of the SCOC.
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Abstract

We present the final planned comprehensive recommendation for Rubin Obser-
vatory the Legacy Survey of Space and Time (LSST) survey strategy ahead of the
start of LSST. This recommendation is the product of a many-years-long iterative
process where community recommendations to maximize the scientific impact of
LSST across domains of astrophysics were reviewed, synthesized, aggregated, and
merged to define the overall plan for 10 years of LSST observations. The current rec-
ommendation builds on Phase 1 (PSTN-053) and Phase 2 recommendations (PSTN-
055) and, together, they define a 10-year plan for observing. Here we answer ques-
tions left open in PSTN-055, refine additional survey details, and describe the scope

of future activities of the SCOC.

iii. ROLLING: The SCOC confirms the recommendation for rolling in two sky areas at 0.9
strength on the WFD low-dust footprint (PSTN-055 82.5). We are adopting the Uniform
Rolling strategy designed by the Uniformity Task Force in baseline_v3.6 simulations,
which implements three cycles of rolling, but, because rolling will not begin before the
start of Y2 with any of the implementations under consideration, we will continue to
investigate three- and four-cycles implementations of rolling until our Y1 recommen-

dation. The SCOC recommends that the time domain community, particularly those
interested in phenomena that have evolutionary time scales of hours-to-days, urgently
quantify the impact of the proposed uniform rolling compared to rolling in four cycles.
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