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in a nutshell: 

• telescope: 6.7-m equivalent  

• world’s largest CCD camera: 
3.2 * 109 pixels 

• Resolves a golf ball 24 
kilometers away!

LSST Project/NSF/AURA

observing facility to observe + store data



LSST a deep “video” of the sky

in numbers: 

• 10-year photometric survey


• 6 optical bands: ugrizy (320-1050nm)


• 1,000 images/night = 15 TB/night 

• 10 million transient candidates per night 

• re-scheduled to start October 2023

LARGE SYNOPTIC SURVEY TELESCOPE
Call for LSST Cadence White Papers Document-28382 Latest Revision 2018-06-28

TABLE 3: Various science metrics as functions of survey duration.
Quantity Year 1 Y3 Y5 Y8 Year 10
r5 coadda 26.0 26.5 26.8 27.1 27.2
�(i=25)b 0.12 0.07 0.06 0.05 0.04
color vol.c 316 20 6 1.7 1
# of visitsd 83 248 412 660 825
�⇡ (r=24)e 9.5 5.5 4.2 3.3 3.0
�µ (r=24) f 32 6.1 2.8 1.4 1.0

a The co-added depth in the r band (AB, 5�; point sources).
b The photometric error for a point source with i = 25.
c The volume of the 5-dimensional color error space, normalized by the �nal value.
d The number of visits per sky position (summed over all bands).
e The trigonometric parallax accuracy for a point source with r=24 (milliarcsec).
f The proper motion accuracy for a point source with r=24 (milliarcsec/yr).

C Supplementary materials

C.1 Useful publications and websites

Note that various websites and documents references here are still in development (if not an o�cial
LSST document under change control).

The LSST Overview paper provides a short summary of the four primary science drivers, as
well as the expected performance of LSST in terms of throughputs, and calibration. It also
discusses high-level survey constraints and tradeo�s. Last updated in 2018 (but a living doc-
ument that will have future incremental updates), this is available as http://ls.st/lop

The LSST Science Book tackles an in-depth view of a broad range of LSST science goals. Writ-
ten in 2009 by the LSST Science Collaborations, each chapter focuses on investigations rele-
vant to a di�erent area of astronomy. Available at https://www.lsst.org/scientists/scibook

The Community Observing Strategy Evaluation Paper (COSEP) is a community-driven paper
describing a wide variety of science cases and their implications for survey strategy. This
paper is primarily aimed at helping de�ne the main wide-fast-deep survey. Last updated in
2017, the analysis in the COSEP is currently based on older simulations (including a refer-
ence simulation similar to the current baseline, but with signi�cant di�erences in the detailed
observations). The COSEP will continue to be a living document, with periodic updates as

27



LSST a deep “video” of the sky

LARGE SYNOPTIC SURVEY TELESCOPE
Call for LSST Cadence White Papers Document-28382 Latest Revision 2018-06-28

A Examples of open survey strategy optimization questions

The quantitative optimization of the LSST observing strategy requiresmany detailed decisions
to bemade, often with only an indirect science justi�cation, or with con�icting science drivers.
The current most signi�cant open questions and associated tradeo�s are listed below for the
main survey and each mini survey. White papers are speci�cally encouraged to address these
questions.

FIGURE 1: The current baseline survey includes the main Wide-Fast-Deep survey and eight
candidate mini surveys: the North Ecliptic Spur, the Galactic Plane, the South Celestial Pole,
and the �ve �elds of Deep Drilling mini surveys. This �gure demonstrates their footprint
in the current baseline simulated survey and the total number of visits in all bands. We
are seeking suggestions for modi�cation of the survey strategy, especially suggestions for
changes to the mini surveys.

A.1 The main Wide-Fast-Deep survey

The baseline survey strategy optimizes the amount of sky covered in any given night (subject
to the constraint of gathering pairs of visits in each night - generally, but not always, in a single
�lter), and allows the entire sky visible at any time of the year to be covered in about three
nights. The basic strategy is designed to give roughly uniform coverage over the sky at any
given time, and to reach the survey goals for measuring stellar parallax and proper motion,
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Call for White Papers on LSST Cadence Optimization 

Document-28382 

Wide-Fast-Deep survey  (90% time) 
Baseline: 18,000 deg2 , all visible sky in 3 
nights

At least 2 visits per night, +1 color


Deep drilling fields (5%) 
4 fields selected  (ELAIS-S1, XMM-LSS, 
CDF-S, and COSMOS), 1 in discussion 
(EDFS)


Candidate mini surveys (~5%) 
North Ecliptic Spur, the Galactic Plane, the 
South Celestial Pole, and five Deep Drilling 
mini surveys (Elais S1, XMM-LSS, Extended 
Chandra Deep Field-South, and COSMOS )

Ongoing optimization is based on a full simulation of 10 years of operations



Slide from 
Ivezic 



Community: ~1500 researchers 
Non-US: ~400 international contributors 

France: ~80 members (~11 INSU ; ~70 IN2P3) info from E. Gangler
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LSST science collaborations

• Galaxies 


• Stars, MW, local volume


• Solar system

• Dark Energy

• Active Galactic Nuclei 


• Transients/variable stars


• Strong lensing


• Informatics and statistics 



LSST data products

Final 10yr Data Release
Images: 5.5 million x 3.2 Gpx
Catalog: 15PB, 37 billion objects

Raw Data
Sequential 30s image, 20TB/night

Prompt Data Product
Difference Image Analysis
Alerts: up to 10 million per night

Prompt Products DataBase
Images, Object and Source catalogs from DIA
Orbit catalog for ~6 million Solar System bodies

Annual Data Release
Accessible via the LSST Science Platform & 
LSST Data Access Centers.

Now

60s

24h

Year

End

public in 
“real time”

public yearly

public at the end 
of the survey

37s
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Final 10yr Data Release
Images: 5.5 million x 3.2 Gpx
Catalog: 15PB, 37 billion objects

Raw Data
Sequential 30s image, 20TB/night

Prompt Data Product
Difference Image Analysis
Alerts: up to 10 million per night

Prompt Products DataBase
Images, Object and Source catalogs from DIA
Orbit catalog for ~6 million Solar System bodies

Annual Data Release
Accessible via the LSST Science Platform & 
LSST Data Access Centers.

Now

60s

24h

Year

End

37s

LSST data products
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LSST ~ 10 million transient alerts per night 

promising candidates for <your science>

?

!10

+ connecting with multi-wavelength/messenger surveys?

http://fink-broker.org
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LSST ~ 10 million transient alerts per night 
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promising candidates for <your science>

+ connecting with multi-wavelength/messenger surveys?



The broker panorama

officially selected to be a full-stream Rubin broker 

(August 2021) 
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babamul

Pitt-broker
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Fink is:

• a community driven effort, open to anyone

• a broker designed for the LSST alert stream


Goal: Multi-science broker 

MNRAS 2020, arXiv: 2009.10185 
Anais Möller, Julien Peloton, Emille E. O. Ishida, 

Chris Arnault, Etienne Bachelet , Tristan Blaineau, Dominique Boutigny, Abhishek Chauhan, Emmanuel 
Gangler, Fabio Hernandez, Julius Hrivnac, Marco Leoni, Nicolas Leroy, Marc Moniez, Sacha Pateyron, 

Adrien Ramparison, Damien Turpin, Réza Ansari, Tarek Allam Jr., Armelle Bajat , Biswajit Biswas, Alexandre 
Boucaud, Johan Bregeon, Jean-Eric Campagne, Johann Cohen-Tanugi, Alexis Coleiro, Damien Dornic, 

Dominique Fouchez, Olivier Godet, Philippe Gris, Sergey Karpov, Ada Nebot Gomez-Moran, Jérémy 
Neveu, Stephane Plaszczynski, Volodymyr Savchenko, Natalie Webb

https://fink-broker.org/members/

https://arxiv.org/abs/2009.10185
https://fink-broker.org/members/
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Reduced stream

LSST ~ 10 million transient alerts per night 
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Reduced stream
Catalogues

Survey 
streams

X

Cross-match

LSST ~ 10 million transient alerts per night 

- VOEvents / GCN 
- Dynamic catalogues
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+

Reduced stream
Catalogues

Survey 
streams

X

Cross-match ML classification

+

LSST ~ 10 million transient alerts per night 

- VOEvents / GCN 
- Dynamic catalogues
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+

Reduced stream
Catalogues

Survey 
streams

X

Cross-match ML classification

+

+ Customizable 
filtering

LSST ~ 10 million transient alerts per night 

- VOEvents / GCN 
- Dynamic catalogues
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+

Reduced stream
Catalogues

Survey 
streams

X

Cross-match ML classification

+

+ Customizable 
filtering

“real-time” API

LSST ~ 10 million transient alerts per night 

- VOEvents / GCN 
- Dynamic catalogues

- Follow-up

<minutes!
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+

Reduced stream
Catalogues

Survey 
streams

X

Cross-match ML classification

+

+ Customizable 
filtering

Science Portal 
+ API

“real-time” API

LSST ~ 10 million transient alerts per night 

- VOEvents / GCN 
- Dynamic catalogues

- Follow-up - Visualisation 
- Analysis<minutes!
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Reduced streams:

• Supernovae

• Microlensing

• Variable stars

• Solar System objects

• GRB afterglows

• Kilonovae (new)

• Early type Ia supernovae (new)


ZTF alerts November 2019 to June 2020  
Möller, Peloton, Ishida et al. 2021  arXiv:2009.10185

MoU with Zwicky Transient Facility (ZTF).

>110 million alerts collected since 2020

deployment with ZTF
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Footprint w. survey stream: LIGO/Virgo
X

Case study: early kilonovae
LSST stream: 10,000 alerts / 37 s

Cross-match

!21
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Footprint w. survey stream: LIGO/Virgo
X

Case study: early kilonovae
LSST stream: 10,000 alerts / 37 s

Contextual: e.g. host-galaxy not a known object

Cross-match

Other multi-messenger/wavelength surveys

!22
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Footprint w. survey stream: LIGO/Virgo
X

Case study: early kilonovae
LSST stream: 10,000 alerts / 37 s

Contextual: e.g. host-galaxy not a known object

Cross-match

ML classification

Discard other types of astrophysical events

Other multi-messenger/wavelength surveys

!23

Algorithm for kilonovae identification
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Footprint w. survey stream: LIGO/Virgo
X

Case study: early kilonovae

All automatically done in <minutes

LSST stream: 10,000 alerts / 37 s

Contextual: e.g. host-galaxy not a known object

Cross-match

ML classification

Discard other types of astrophysical events

Filtering Select promising kilonovae candidates

Other multi-messenger/wavelength surveys

Algorithm for kilonovae identification

!24

Communicate
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Coordinating follow-up: 

- ranked lists with promising candidates

- Downward stream <minutes

Case study: early kilonovae

see Pierre 
Duverne’s talk later 

today!

!25

- Ongoing collaboration with GRANDMA

With Juliette Vlieghe, Biswajit Biswas, Julien Peloton, GRANDMA team and many others!
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+

Reduced stream
Catalogues

Survey 
streams

X

Cross-match ML classification

+

+ Customizable 
filtering

Science Portal 
+ API

“real-time” API

ZTF ~ 100,000 transient alerts per night 

- VOEvents / GCN 
- Dynamic catalogues

- Follow-up - Visualisation 
- Analysis<minutes!
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Live demo science portal

https://fink-broker.org

https://fink-broker.org
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API
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API https://github.com/broker-workshop/tutorials/tree/main/fink

https://github.com/broker-workshop/tutorials/tree/main/fink
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synergies

• Discussions and work with teams from: 

• SVOM, GRANDMA, CTA, Integral, KM3NET, … 

◦ Work on GRB (Fermi/SWIFT-ZTF) to prepare SVOM-LSST 

◦ GRANDMA: accepted CFHT observing proposal for Kilonovae 
search (2021A Coleiro+) using Fink’s filtered ZTF alert stream.  



https://fink-broker.org 
contact@fink-broker.org

Möller, Peloton, Ishida et al. 2021  
MNRAS, arXiv: 2009.10185

Rubin optical time-domain data will be a great asset for multi-
messenger/wavelength studies! 

How to unravel it?

• Fink is already processing ZTF data stream (MoU 2020).

• First science modules deployed: SNe, GRB, microlensing, … 

• Automatic filtered streams <minutes for follow-up coordination

• Analysis capabilities with the web portal and API (python callable)

• for VRO deployment at CC-in2p3

• We want to connect to new teams, collaborations and facilities!

summary
VRO LSST  starting end 2023! unveiling the 

Southern Sky like never before!

https://fink-broker.org
mailto:contact@fink-broker.org
https://arxiv.org/abs/2009.10185

