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harnessing Rubin’s LSST optical
time-domain data to study
extreme astrophysical events

Anais Moller LPC for the Fink team



The Rubin Observato
Survey of Space and

lln

Bl )
AT

B
==E
. L3
;

HRENL 73

EREEREY |
L |

LSST Project/NSF/AURA

in a nutshell: in numbers:
® telescope: 6.7-m equivalent e 10-year survey, starting 2022
* world's largest CCD camera: e 1,000 images/night = 15 TB/night
3.2 * 109 pixels
e 10 million transient candidates per night
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.~ Legacy Survey of Space and Time
VERA C.RUBIN (LSST)

OBSERVATORY

Now

Raw Data
Sequential 30simage, 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 viathe LSST Science Platform &

LSST Data Access Centers.

Final 10yr Data Release
Images: 5.5 million x 3.2 Gpx
Catalog: 15PB, 37 billion objects
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Prompt Data Product
Difference Image Analysis

Alerts: up to 10 million per night
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LSST ~ 10 million transient alerts per night

?

Select promising:
e SNe, kN, fast transients, variable stars, AGNs ...
 Multi-wavelength/messenger transients
Coordinate follow-up


http://fink-broker.org

LSST ~ 10 million transient alerts per night
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Select promising:
e SNe, kN, fast transients, variable stars, AGNs ...
 Multi-wavelength/messenger transients
Coordinate follow-up




The broker panorama

Mid 2021: official selection
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e a community driven effort, open to anyone
* designed for the LSST alert stream

Goal: Multi-science transient broker

MNRAS 2021, arXiv: 2009.10185
A. Moller, J. Peloton, E. Ishida et al. (>30 coauthors)



https://arxiv.org/abs/2009.10185

LSST ~ 10 million transient alerts per night



LSST ~ 10 million transient alerts per night

Cross-match
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- VOEvents / GCN
= Dynamic catalogues



LSST ~ 10 million transient alerts per night

Cross-match + ML classification
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LSST ~ 10 million transient alerts per night

Cross-match

T

Catalogues

Survey
streams

- VOEvents / GCN
= Dynamic catalogues

+ ML classification

+ Customizable
filtering

Reduced stream



LSST ~ 10 million transient alerts per night

Cross-match + ML classification + Customizable
filtering
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Catalogues
s Reduced stream
urvey

streams / \

- VOEve|_1ts/ GCN API Science Portal
= Dynamic catalogues

- Follow-up = Visualisation

WJ A. Méller | Fink All automatically done in <minutes
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Live streams

o Personalisable filters to select objects/parameters of interest
o Data received “live”

Science portal

Fink Science portal - beta version Explore ¥

[ . Summary Supernovae Variable stars Microlensing Solar System GRB
[J1 ZTF19acnjwgm

Science Template Difference ObjectID: ZTF19acnjwgm
Fink class: SN candidate

Date: 2020-01-29 03:18:40.003
RA: 36.6004139 deg
Dec: 28.5079626 deg

Dmag (latest): 0.069

Dmag (reference): 1.795
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° L ] 3 SIMBAD: Transient
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g e ® e, PS1: 142200365998718368
g 19 [ ] i. 6] §§ Distance (PS1): 5.40 arcsec
[a} § Distance (Gaia): 13.16 arcsec
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Distance (ZTF): 1.78 arcsec
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UJE deployment with ZTF

MoU with Zwicky Transient Facility (ZTF).
>60 million alerts collected in 1 year. _— &

Variable Stars (Simbad)

i

Reduced streams:

e Supernovae

e Microlensing

¢ Variable stars

e Solar System objects
e GRB afterglows

A ZTF alerts November 2019 to June 2020
A. Mdller | Fink 15 Moéller, Peloton, Ishida et al. 2021 arXiv:2009.10185



E/y]@ synergies

Discussions and work with teams from:
e GRB: Fermi / Swift -> SVOM
e GRANDMA
e CTA
® |ntegral
o KM3NET

Contact us contact@fink-broker.org to integrate your science case in Fink.


mailto:contact@fink-broker.org

summary

* Fink is already processing ZTF data stream (MoU 2020).
e First science modules deployed: SNe, GRB, microlensing, kilonovae...

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

VRO LSST optical Multi-wavelength /

messenger
EﬂﬂN K |-> All transient science

Moller+2021 MNRAS, arXiv: 2009.10185 https://fink-broker.org



https://fink-broker.org
https://arxiv.org/abs/2009.10185

Case study: X transient

LSST stream: 10,000 alerts / 37 s

Cross-match
Q Footprint w. survey stream

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

@ Other multi-messenger/wavelength surveys

ML classification

’ Discard other types of astrophysical events

Algorithm for X identification

Filtering Select promising X candidates

All automatically done in <minutes
WJ A. Mol | Fink 8 https://fink-broker.org
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