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Tra?sient+ O u t li n es

/' 1. TheRubin Observatory and its LSST survey
o " 2. Thelandscape of the optical transient phenomena

- 3. FINK:the broker born in France devoted to the time-domain
astronomy

4. Howto use the FINK outputs foryour science
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The Rubin Observatory and its LSST survey

https://rubinobservatory.org/for-scientists
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The Vera C. Rubin Observatory: a new comerin Chile!

Cerro Pachon Mountain

Argentina

o Site coordinates: latitude -30:14:40.68 longitude -70:44:57.90
o  Altitude:2647m

o  Average annual rainfall: 46cm
o  Average clearnights peryear: 256
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sl [he Rubin Observatory with a new large optical telescope

Telescope System:

M2 3.4m f/1.00

, E e  Fieldof View:3.5 degrees (9.6 square
d degrees)

° Primary mirror diameter:8.4m
Mean effective aperture: 6.423 m (area
weighted over FOV)

e  Finalf-ratio:f/1.234

e  (Cameraweight: 6,746 lbs (3,060 kg)

e  Mirror(M1+M3 glass mirror only) weight :
35,900 pounds (16,284 kg)

VERA C. RUBIN
OBCERVATORY

M1 8.4m f/1.18
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sl 1he Rubin Observatory's Simonyi Survey Telescope

" Telescope System:

e  Field of View:3.5 degrees (9.6 square
degrees)

e  Primary mirrordiameter:8.4 m
Mean effective aperture: 6.423 m (area
weighted over FOV)

e  Finalf-ratio:f/1.234

e  (Cameraweight: 6,746 lbs (3,060 kg)

e  Mirror(M1+M3 glass mirror only) weight :

35,900 pounds (16,284 kg)
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mwear Xl The Rubin Observatory's Simonyi Su

rvey Telescope with a huge cameral!

Imaging System:

B VERA C.RUBIN
OBSERVATORY

Pixel count:3.2 Gpixels

Focal plane:189 4kx4k science CCD chips
Pixel pitch: 0.2 arcsec/pixel

Pixel size :10 microns

Filling factor:>90%

Minimum exposure time: 1 sec

Image Credit: Jacqueline Ramseyer Orrell/SLAC National Accelerator Laboratory



The Rubin Observatory's Simonyi Survey Telescope with a huge field of view (FoV)

A T DN
/ - I
/. T ™ b
/ T ! \
A e 3
s \\\\\ .// : '

Imaging System:

Pixel count:3.2 Gpixels

Focal plane:189 4kx4k science CCD chips
Pixel pitch: 0.2 arcsec/pixel

Pixel size :10 microns

Filling factor:>90%

Minimum exposure time: 1 sec



Translesl The Rubin Observatory's Simonyi Survey Telescope FoV compared to the past
piisetiacall and current surveys

PS1, 7 deg?

PTF/PTF, 7.3 deg? LSST, 9.6 deg? ZTF, 47 deg?

»—4—41deg
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IS The Rubin Observatory's Simonyi Survey Telescope with a deep sensitivity in 6 bands

System Throughputs
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o 2:233/261
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9 Izevicetal. 2019 https://arxiv.org/abs/0805.2366
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The LSST expected images compared to previous surveys
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Izevicetal. 2019 https://arxiv.org/abs/0805.2366

-SDSS griimage (r<22.5)

~ | -Deep Lens Survey (4m

Blanco telescope) griimage
(r<24.5)

LSST 10 yrs coadded image
will be 3 mag deeperthan
DLS

SDSS 20 arcsec

LS5 T

20 arcsec

-The lensed Quasar SDSS
J1332+0347 seen in SDSS
images

-Samefroma
Suprime-Cam Subaru
image adapted to the LSST
seeingand angular
resolution
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e Al A Legacy Survey of Space and Time (LSST): a new generation of synoptic survey

-the 270k kg structure have to
move at10°/secin rotation

-~5secto move and stabilize from
a pointing to another one

11
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st A Legacy Survey of Space and Time (LSST) for 4 main science cases

. -Thegalaxies evolution
.+ -Testcosmological models
-Find an answer to the Dark
“* energyand dark matter
origin

Understanding Dark Matter

12
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A Legacy Survey of Space and Time (LSST) for 4 main science cases

. -The galaxies evolution

o - Test cosmological models

13

-Find an answer to the Dark

“* energyand dark matter

origin

Understanding Dark Matter

Cataloging the Solar System

- Reveal the fainter SS objects
-a catalog of objects 10-100
times bigger than any previous
one before

-Study of body's properties and
motionin the SS.Accurate
classification of the SSO.
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A Legacy Survey of Space and Time (LSST) for 4 main science cases

. -The galaxies evolution

iy - Test cosmological models

14

-Find an answer to the Dark

“* energyand dark matter

origin

Understanding Dark Matter

Cataloging the Solar System

P aé’*'

gt :
Sl

Mapping the Milky Way

-Reveal the fainter SS objects

-a catalog of objects 10-100
times bigger than any previous
one before

-Study of body's properties and
motionin the SS.Accurate
classification of the SSO.

-Reconstruct the MW evolution
history

-Reveal the old and faint trace of
MW -galaxy mergers
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st A Legacy Survey of Space and Time (LSST) for 4 main science cases

. -The galaxies evolution

.+ -Testcosmological models
o -Find an answer to the Dark
. " energyanddarkmatter
origin

- Reveal the fainter SS objects
-a catalog of objects 10-100
times bigger than any previous
one before

-Study of body’s properties and
motionin the SS.Accurate
classification of the SSO.

Understanding Dark Matter

Cataloging the Solar System

- Continuous monitoring of
thevisibleand NIR variable

sky over10 years
-Moving objects o
EAERRST '
Variable objects %%WW hI.Reconstruct'[he MW evolution
1 -Transient phenomena s IS4
- Reveal the old and faint trace of
Exploring transients Mapping the Milky Way MW -galaxy mergers

15
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st A Legacy Survey of Space and Time (LSST) for 4 main science cases

. -The galaxies evolution

g - Test cosmological models
-Find an answer to the Dark

-Reveal the fainter SS objects

-a catalog of objects 10-100
times bigger than any previous

/ ',_f:;' - . " energyanddark matter one before
origin -Study of body’s properties and
motionin the SS.Accurate
classification of the SSO.
Understanding Dark Matter Cataloging the Solar System

- Continuous monitoring of \

thevisibleand NIR variable

sky over10 years

-Moving objects L S . i
-Variable objects %,W LReconstructt e MW evolution
1 -Transient phenomena N Istory

- Reveal the old and faint trace of

\ Exploring transients Mapping the Milky Way MW -galaxy mergers
Our topic of interest today! v

16
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opsim: baseline2018a Baseline Survey Strategy
opsim u: CoaddM5 opsim g: CoaddM5 opsim r: CoaddMS u”ide.Faster.Dee ] :

90% of the telescope time
declinationrange:[-72°- +12°
2 millions of images (10-yrs)
~100 revisit of each field / year
20Th /night-60 Pb over10yrs
38x10° detected objects (10 yrs)

o  galaxies=52.6%

o  stars=44.7%

o  SNe=-~0.03%

o  SS0=-~0.02%

240 245 250 255 260 265 27.0 275 256 260 264 268 272 27.6 280 284 2838 252 25.6 26.0 26.4 268 272 27.6 28.0 28.4 288
CoaddM5 (mag) CoaddM5 (mag) CoaddMs (mag)

opsim i: CoaddM5 opsim z: CoaddM5 opsim y: CoaddM5

248 252 256 260 264 26.8 27.2 27.6 28.0 235 240 245 250 255 260 265 27.0 275 230 235 240 245 250 255 260 265
CoaddMs5 (mag) CoaddMs5 (mag) CoaddM5 (mag)

17
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opsim u: CoaddM5

240 245 250 255 260 265 27.0 275
CoaddM5 (mag)

opsim i: CoaddM5

248 252 256 260 264 26.8 27.2 27.6 28.0
CoaddMs5 (mag)

18

opsim: baseline2018a

opsim g: CoaddM5

256 26.0 264 268 27.2 276 280 284 288
CoaddM5 (mag)

opsim z: CoaddM5

235 240 245 250 255 260 265 27.0 275
CoaddMs5 (mag)

252 256 26.0 26.4 26.8 27.2 27.6 28.0 28.4 288

23.0 235

opsim r: CoaddM5

CoaddM5 (mag)

opsim y: CoaddM5

240 245 250 255 26.0
CoaddM5 (mag)

26.5

The Deep Drilling Fields (DDF):

~5-10% of the telescope time
4 South field identified

o ELAIS-S1

o XMM-LSS

o CDF-S

o COSMOS

(by1-2 mag) and
@

revisit /night or per two nights at
maximum) than the WFD survey
Enable a more comprehensive
analysis of the changing sky
objectsin these fields

o  AGNs

o SNla

o etc.
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The LSST survey ina nutshell

opsim u: CoaddM5

240 245 250 255 260 265 27.0 275
CoaddM5 (mag)

opsim i: CoaddM5

248 252 256 260 264 26.8 27.2 27.6 28.0
CoaddMs5 (mag)

opsim: baseline2018a

opsim g: CoaddM5

256 26.0 264 268 27.2 276 280 284 288
CoaddM5 (mag)

opsim z: CoaddM5

235 240 245 250 255 260 265 27.0 275
CoaddMs5 (mag)

opsim r: CoaddM5

.2 256 26.0 26.4 26.8 27.2 27.6 28.0 28.4 288

CoaddM5 (mag)

opsim y: CoaddM5

230 235 240 245 250 255 260 265
CoaddM5 (mag)

Mini-surveys:

~3% of the telescope time
Observations “that cover
specific sky regions such as the
ecliptic plane, Galactic plane,
and the Large and Small
Magellanic Clouds, or that vary
survey parameters such as the
depth of a single visit”

from Bianco et al. 2022



LSST: Arevolution in the time-domain astronomy

alerts / night
10k

alerts / exposure

60s

latency forthe alert
- delivery afterthe
image taking

10x

SSO detected thanin
20 the MPDB
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e ool LSST: Arevolution in the time-domain astronomy

Table 1. A comparison between ZTF, LSST, and other next generation surveys in terms of scale.

Category ATLAS  ASAS-SN  Pan-STARRS ZTF LSST
Number of total sources - 1x 10" 1x10°  37x10°
Number of total detections 1 x 10" 1 x 10" 1x 10" 37 x10"
Annual visits per source 1000° 180¢ 60¢ 300 100
Number of pixels 1x10°  4x10°(x4) 1 x 10° 6x10° 3.2x10°
CCD surface area (cm?) 1415 1320
i Field of view (deg®) 30
= e ,. 2 Hourly survey rate (deg?) 3000
; : alerts/ nlght 50 detection limit in r
Nightly alert rate 1 x10° 1x 10’
Nightly data rate (TB) 1.4 15
Telescope (m) 0.5 4x0.14 1.8
alerts / exposure No. of telescopes 2(6) 5 2
¢ _in 3 filters; ” - in 6 filters; ¢ - in 2 filters; ¢ - in 2 filters; ¢ - in 5 filters
latency for the alert TEEIICIELAE
- delivery afterthe
image taking
SSO detected thanin

a1 the MPDB
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Univers The Rubin Observatory LSST data management

French Site
CC-IN2P3, Lyon, France

" Satellite Processing Center
Data Release Production
Long -term Storage (copy 3)

Survey Te/escape

LSST Operatlons
Sltes & Data Flows :

Lar'ge Syhopt,

. -

' i LSST Data Facility
i 5 :' b r.l-ati?nal Center for ir:::f:?mputing .
. - HQ Site (NCSA), Ur o
* g " Tucson, AZ

- Processing Center
Alert Produgtion +
Data Release Production
Calibration Products Production *
EPO Infrastructure
Long-tetm Storage (copy 2)

Data Access Center
Data Access and User Services

SCIEﬂCe Operathns
o ObserVatory Management
. Education & Public Qutreach 5

Base Site - .
: La Serena, Chile -
. - .4Base Center

Long-term storage (copy1)

. .
Summit Site
Cerro Pachén, Chile -

Telescope & Camera
Data Acquisition
Crosstalk Cofrection, *

Data Access Center
Data Access & User Services

Google

UnkedStaten Torms oo oadback 2001

22
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el Project status: LSST DR1 foreseen to startin Early 2025

CY2019 CY2020 CY2021 CY2022 CY2023 CY2024 CY2025

2017 CY2018
Q3 Q4 |Q1 Q2 Q3 Q4 |Q1 Q2 Q3 Q4 ‘Ql Q2 Q3 04 |Q1 Q2 Q3 Q4 ‘Ql Q2 Q3 Q4 ‘ Q1 Q2 Q3 Q4 ’ Q1 Q2 Q3 Q4‘ Q1 Q2 Q3 Q4 ‘
FY2018 2019aa FY202! FY202 FY202 FY20 V2024 FY2025

EY 0 1 2 23 F
Q4 |1 Q2 @3 Q4‘Q1 Q2 Q3 Q4‘Q1 Q2 Q3 Q4‘Q1 Q2 Q3 Q4‘Q1 Q2 Q3 Q4‘Ql Q2 Q3 Q4|Ql Q2 @3 Q4‘Q1 Q2 Q3 Q4‘

T I —,, "%y SupPort

ComCam / PathfinderonTel 4

ﬁ Early SIT-Com

Camera Refrigeration Test 2 Camera ready at SLAC

- NSF MREFC
System First Light M1M3 Ready for TMA

July 2024 Sys Int
DOE MIE Forecast Finish

Nov 2024
Commissioning Data Release 1

Late 2025 System First Light ‘
DOE Ops For * Late Finish date

ﬁ Commissioning pending NSF Review y

Forecast Finis( @ Late Finish*
EPO Complete

operetons o | I . J A irmimn

Critical Path

> Pre Operations Full Ops

¢ o & oo o

DPO.1 DP0.2 DF

Rev 12 December 2022
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Take-away message

+ g s .| TheRubin Obs.telescope design  The LSST surveyis actually splitinto:  The LSST survey is truly bringing
& T (photometric sensitivity, cam. pixelscaleandFoV, 1.  the WFD survey (90% of the survey time) the astronomy inthe big dataera:
i . : ~ Obs.seeing, filter set,image cadence &fastslew) 2. the DDFs(~5-9% of the survey time) new data, alert infrastructure and follow-up

will deﬁnitely bring bre akthrough 3. themini-surveys (~1% of the survey time) strategy mustbe adapted
discoveries in the next decade

1 The Rubin Observatory telescope is made for the LSST survey,
this is not a ToO telescope dedicated to the time-domain astronomy
BUT......let's be optimistic

24
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The landscape of the optical transient phenomena

25
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sl 1 he optical transient sky zoo

log (Characteristic Timescale [sec])
3 4 5

Y. . Gamma-ray burst
3 o afterglows

Core-collapse
supernova shock breakout

Kilonovae

>
=,
>
=
@
(o]
£
1S
=1
4
X
©
(0]
o

Peak Luminosity [erg s 1]

fast novae

Soft gamma-ray
repeater flares

2 -1 0
log (Characteristic Timescale [day] )

credits: ). Cooke
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The optical transient sky zoo in the Milky Way and “around”

log (Characteristic Timescale [sec])
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Soft gamma-ray
repeater flares

credits: J. Cooke

i —
4 2

log (Characteristic Timescale [d

0
ayl)

Peak Luminosity [erg 3"1]

Very nearby stars (mainly red dwarfs)
e powered by magneticturbulence
and activity in stellar atmospheres

See V. Grinberg and J. Wilms lectures
e |MXB
e HXMB
o ULX
powered by accretion & ejection
processes (V. Grinberg & J. Wilms
lecture)

(Giant flares can be seenin very nearby

galaxies too, D. Gotz lecture)

e powered by strong magnetic field
and NS crust instabilities
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et The optical transient sky zoo in the local Universe (z< 0.1)

log (Characteristic Timescale [sec])
3 4 5

The “Classical” Supernova world

° la
° [In, 1P, 1IL
e b
_ '-; o |b/c
g :
E £ The Gap Transient world
% E e  Faint CA-rich SNe stellar explosion
o rgg e  Luminous red Novae (new class of Nova)
. e  GW-Kilonovae
e  others..
1 The nova world

2 -1 0
log (Characteristic Timescale [day] )

credits: J. Cooke
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et The optical transient sky zoo in the local Universe (z< 0.1)

log (Characteristic Timescale [sec])

The “Classical” Supernova world
e heatcentral source: Radioactive
decay (**Ni, >Co, >Fe, “Ti, ’Al, etc.
)
The Gap Transient world
e  Faint CA-rich SNe:?? white dwarf
in binary system witha WD or NS,
old massive star explosion?
e  Luminousred Novae: binary low-L
star merger
e  GW-Kilonovae:r-processed
element radioactive decay

uminous
blue
ransients

<

Reak Luminosity [erg 3"1]

>
=
>
=
@
o
=
1S
S
4
x~
©
[}
o

1 The nova world
-3 -2 -1 0 . H
log (Characteristic Timescale [day] ) ¢ he?t central SOurce. accretmg
white dwarf (thermonuclear
credits: J. Cooke explosion)
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The optical transient sky zoo in the very distant Universe (z>0.1)

Peak Luminosity [MV]

credits: J. Cooke

log (Characteristic Timescale [sec])

Gamma-ray burst
afterglows

uminous
blue

Core-collapse ransients

TSty supernova shock breakout

Ny, cey

2 -1 0
log (Characteristic Timescale [day] )
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>
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The Super Luminous Supernova world
e  heatcentralsource: central engine
driven explosion (fast spinning magnetar)

or ejecta/CSM interaction or else ? (see
Nicholl 2021 and reference therein)

TDE
e heatcentral source: Fallhack
accretion disk from stellar
debris onto amassive BH,
possible relativistic jet/CSM
interaction, disk wind-driven
explosion (see Gezari 2021)

The “Classical” Supernova world
e heatcentral source: Radioactive
decay (**Ni, >6Co, >Fe, *Ti, 7Al, etc.

)
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The optical transient sky zoo in the very distant Universe (z>0.1)
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credits: J. Cooke

log (Characteristic Timescale [sec])

Gamma-ray burst
afterglows

uminous

& 0 blue
ore-collapse ransients

TSty supernova shock breakout

Ny, cey

2 -1 0
log (Characteristic Timescale [day] )

Peak Lumingsity [erg 3"1]

GRBs (see lectures from F. Daigne, S.
Vergani, D. Gotz, S. Schanne)

e  heatcentralsource: relativisticjet/ISM
interaction, internal or reverse shocks

Fast Blue Optical Transients
e  heatcentralsource: 27272777

central engine driven explosion,
accretion disks onto BH,
mildly relativistic outflow/CSM ejecta
accretion-induced collapse of white
dwarfs
new class of ultra-stripped SNe

Shock breakout
e  heatcentralsource: Initial SN shockwave
heating up and emerges from the
progenitor CSM
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s 1he optical transient sky zoo to be explored by the LSST survey

log (Characteristic Timescale [sec])

2 3 4 5 : KEY MESSAGES

Gamma-ray burst
afterglows 1

A lot of different physics at play

uminous

& I blue
ore—-collapse ransients

supernova shock breakout

Peak Luminosity [erg 3"1]
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o

| Kilonovae

fest novac|

Soft gamma-ray
repeater flares

credits: J. Cooke
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s 1he optical transient sky zoo to be explored by the LSST survey

log (Characteristic Timescale [sec])

2 3 4 5 : KEY MESSAGES

Gamma-ray burst
afterglows 1

A lot of different physics at play

2.  NOT only at optical wavelength, think
multi-A and multi-messenger

uminous

& I blue
ore—-collapse ransients

supernova shock breakout

| Kilonovae

Peak Luminosity [erg 3"1]

>
=
>
=
@
o
=
1S
S
4
x~
©
[}
o

fest novac|

Soft gamma-ray
repeater flares

credits: J. Cooke
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s 1he optical transient sky zoo to be explored by the LSST survey

log (Characteristic Timescale [sec])

KEY MESSAGES

Gamma-ray burst
afterglows 1

A lot of different physics at play

2.  NOT only at optical wavelength, think
multi-A and multi-messenger

uminous

& I blue
ore—-collapse ransients

supernova shock breakout
All the scientific communities working

on the time-domain astronomy are
represented in this diagram

Peak Luminosity [erg s"1]
w

>
=
>
=
@
o
=
1S
S
4
x~
©
[}
o

Kilonovae

fest novac|

Soft gamma-ray
repeater flares

credits: J. Cooke
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s 1he optical transient sky zoo to be explored by the LSST survey

log (Characteristic Timescale [sec])

2 3 4 5 : KEY MESSAGES

Gamma-ray burst
afterglows 1

A lot of different physics at play

2.  NOT only at optical wavelength, think
multi-A and multi-messenger

uminous

& I blue
ore—-collapse ransients

supernova shock breakout
All the scientific communities working

on the time-domain astronomy are
represented in this diagram

Peak Luminosity [erg s"1]
w

>
=
>
=
@
o
=
1S
S
4
x~
©
[}
o

Kilonovae

4. Alotof unknowns in the astrophysical
\ scenarios

Soft gamma-ray
repeater flares

2 -1 0
log (Characteristic Timescale [day] )

credits: J. Cooke
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s 1he optical transient sky zoo to be explored by the LSST survey

log (Characteristic Timescale [sec])

KEY MESSAGES

Gamma-ray burst
afterglows 1

A lot of different physics at play

2.  NOT only at optical wavelength, think
multi-A and multi-messenger

uminous

& I blue
ore—-collapse ransients

supernova shock breakout
All the scientific communities working

on the time-domain astronomy are
represented in this diagram

ik  shock

>
=
>
=
@
o
=
1S
S
4
x~
©
[}
o

Kilonovae

Peak Luminosity [erg s"1]
w

4. Alotof unknownsinthe astrophysical
scenarios

Soft gamma-ray
repeater flares

5. Alot of fun coming with the crazy LSST
transient detection rate

credits: J. Cooke
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s 1he optical transient sky zoo to be explored by the LSST survey

log (Characteristic Timescale [sec])

ransients

uminous
blue
ut

Kilonovae

Peak Luminosity [MV]
Peak Luminosily [erg 3"1]

KEY MESSAGES

ﬂ The LSST image cadence is more adapted to
explore the long lasting transients that evolve

3 2 o 0 at >daily timescales
log (Characteristic Timescale [day] )

credits: J. Cooke
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FINK the brokerborn in France devoted to the time-domain astronomy

These slides are largely inspired from J. Peloton, E. Ishida, A. Mdller previous FINK presentations
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Exploring the time-domain sky at o’ptical‘anélengths with LSST and FINK

.~ Theoneyouwar

~ 10Malerts/ night
: - * find




The LSST brokeralert system

Machine learning
Catalog association
L, Streams join

Users

40






pewes Pl The FINK brokerin the LSST broker landscape

ANTARES

90

Pitts-Google




SNl [|N K: management team

Anais Moller Julien Peloton , Emille Ishida
ARC DECRA Fellow Ingénieur de Recherche Ingénieure de Recherche
CAS Swinburne - Australia CNRS/IJCLab - France CNRS/LPC-Clermont - France
, Adaptive machine learning
Transients, Supernovae Infrastructure, big data, distributed Science of Team Science
Dark Energy computing
Machine learning Recommendations systems

Al ARCCoE OzGrav

Don't hesitate to reach them for more information about Fink

contact@fink-hroker.org

LX)


http://anaismoller.github.io/
https://www.linkedin.com/in/julienpeloton/?locale=en_US
https://www.emilleishida.com/

puwecowmll [N K: @ global network

2e. =i InFrance: IN2P3 project - under the Master Project: LSST
P i e Development platform:VirtualData cloud @ Université Paris-Saclay
o About 200 cores, 10TB storage
e Production: Openstack cloud @ CC-IN2P3
o About 500 cores, 1PBstorage
e 3 PhDstudentsworking on Fink (IJCLab, LPC Clermont, LPSC Grenoble)
e 1Postdocon Fink (LPCClermont)

Worldwide: 59 members from 13 countries (~30 from France)

e Argentina, Australia, Brazil, Czech Republic, Denmark, Italy, France, Portugal, Russia, South Korea, Switzerland, Ukraine, United
Kingdom - https://fink-broker.org/members/

_ o Coordinatorof European Brokers initiative Fink (France), Lasair (UK), Ampel (Germany)
- o Organizer: LSSTC enabling science 2021 broker workshop in collaboration with Alerce (Chile) & funded by LSST

Enabling Science Grant
e Fink Hackathonin Switzerland

e OzFink workshopin Australia

44


https://www.lsst.fr/
https://fink-broker.org/members/
https://workshops.alerce.online/lsstc-enabling-science-2020-broker-workshop-part-ii/

Transient

el How FINK actually works?

>

Main streams Apache Spark Science data p
- I -
Rubin, ZTF * . Access to !
archived data ¥
I Leccceee--—-
Other survey Accessing Fink live

streams filtered streams
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el Testing the FINK design priorto the LSST era: The ZTF survey

. The Palomar Observatory
credit: Palomar Observatory/Caltech

The P48-inch dome (1.2m telescope)

Groenland

The Zwicky Transient Facility Camera (ZTF)
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Transient

eweess el |ne ZTF survey:asmall LSSTinthe Northern sky

Table 1. A comparison between ZTF, LSST, and other next generation surveys in terms of scale.

Wil Category ATLAS  ASAS-SN  Pan-STARRS LSST
: : Number of total sources 2 1x108 1x 10"

Number of total detections 1 x 10" 1x 10" 110"

Annual visits per source 1000¢ 1807 60°

Number of pixels 1x10% 4x10°(x4) 1% 10°

CCD surface area (cm?) 90 1415

Field of view (deg?) 30
Hourly survey rate (deg?) 3000

5o detection limit in r 19.3
Nightly alert rate -
Nightly data rate (TB) 0.15
Telescope (m) 0.5
No. of telescopes 2 (6) 5
¢ _in 3 filters; ” - in 6 filters; ¢ - in 2 filters; ¢ - in 2 filters; ¢ - in 5 filters
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Transient

sl Monitoring the ZTF data flow with FINK

We can already test Fink onreal alert data
MoU with Zwicky Transient Facility (ZTF), preparation for LSST.




Transient

sl 1he FINK philosophy: turning information into knowledge

Alertinformation solely is not enough - we need experts to extract the science!

More than 30 scientists worldwide contribute to the project. ~100 daily users.

e Ourambitionistostudy the transient sky as a whole, from solar system objects to galacticand
extragalacticscience.

e Finkprovides personalized services

e Searchforthings the Fink community can give meaning to

e Allscience modules/filters are developed by community members

49



Informationinside a ZTF alert

. =. - 1-Alerts* based on Difference Image Analysis and
g Sapositive residual detection!
/ e %% > serialized into Avro format.
' e  Severalalerts can be associated to the same object

50



Transient

el |[nformationinsidea ZTF alert

- 1-Alerts*based on Difference Image Analysis and
| Sapositive residual detection!

* ->serialized into Avro format.
e  Severalalerts can be associated to the same object

- 2-EachZTF alert contains

e Informationabout the new detection
(magnitude, position, ...

e Neighboursinformation (Gaia, Panstarrs)

e Historicalinformation if the object has been seen
previously

e Smallimages around the detection (60x60 pixels)

51
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Transient

el |[nformationinsidea ZTF alert

- 1-Alerts*based on Difference Image Analysis and
| Sapositive residual detection!

* ->serialized into Avro format.
e  Severalalerts can be associated to the same object

-
<
O
x
=)
|
(e

- 2-EachZTF alert contains

e Informationabout the new detection
(magnitude, position, ...

e Neighboursinformation (Gaia, Panstarrs)

e Historicalinformation if the object has been seen
previously

e Smallimages around the detection (60x60 pixels)

3-LSST alert content will be similar (with even more

y information!): sample
e  Thesurveycadence will generate image from the same field every
~3 days.

e  Anon-zero difference at 5 sigma between previouses (aggregated)
and the new observation produces an alert. Combination of ugrizy
filters

10 20 30 40 50 60 10 20 30 40 50 60 10 20 30 40 50 60
pixel pixel pixel

LY


https://github.com/lsst-dm/sample_alert_info

Transient

Universe+ 2023

53

Informationinsidea ZTFalert + FINK added value

Each ZTF alert contains

Information about the new detection
(magnitude, position, ...

Neighbours information (Gaia, Panstarrs)
Historicalinformation if the object has been seen
previously

Smallimages around the detection (60x60 pixels)

+FINK added-values

Scores of the ML classifiers

Results of the catalog Xmatch (SIMBAD, NED, AGN,
Variable stars, Minor Planet, etc))
colorinformation if possible

mag rate over the available archival data

more to come with yourideas...
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How the knowledge is extracted from the alert ?

ML classifiers
‘ Microlensing SNla SLSN SNla
. I ol ol ol
. () iy ey &
Q Kilonova AGN RNN
' ’ .\; Anomaly
Random Forest Isolation Forest
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Transient

el How the knowledge is extracted from the alert ?

ML classifiers
e ‘ ' { Microlensing SNla SLSN SNla
Q Kilonova AGN RNN
’ Q Anomaly
Random Forest Isolation Forest

Science algo with no ML (Xmatch, threshold on properties)

1
Source type classifier Asteroid RB FBOTs
~ / T Y ..
‘4 G T
£ «
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Transient |

Universe ' 2023

56

How the knowledge is extracted from the alert ?

These science modules are applied
onreal-time
ina batch of 10k alerts every 30 sec
afast computation is needed to not slow down the alert
ingestion process

ML classifiers
Microlensing SNla SLSN SNla
LINEY SNL SEEEY 2
Kilonova RNN
Anomaly
Random Forest Isolation Forest

Science algo with no ML (Xmatch, threshold on properties)

Source type classifier Asteroid RB FBOTs
2 ‘,; e R
¥ «




Transient

mweeestll Let's see with a concrete example: Early SNIa classifier

~ The broker world (what do we do with all these alerts?)

Build a ML model to be quickly applied to
LSST data
57



Transient

mweeestll Let's see with a concrete example: Early SNIa classifier

~ The broker world (what do we do with all these alerts?)

Optimized
= training with Trained ML
o active models
“Learning
Leonietal, 2022 @ |---- >
catalogs

A4 ) ¥ e Su perN Nova Auxiliary information, feature
: ° .: i: i+ opensource photometric extraction, metadata, etc.
classification
Molleretal. 2020
Build a ML model to be quickly applied to Send your MLmodel and catalogs to be
LSST data used in FINK
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https://arxiv.org/pdf/2111.11438.pdf
https://arxiv.org/pdf/1901.06384.pdf

Transient

mweeestll Let's see with a concrete example: Early SNIa classifier

~ The broker world (what do we do with all these alerts?)

python scripts integrated into the FINK
software science module architecture

e Optimized
3 [ training with Trained ML
Wi P octive models
—RE I [earning
Leonietal 2022 = |---- >
catalogs

A4 ) ¥ e Su perN Nova Auxiliary information, feature
: ° .: i: i+ opensource photometric extraction, metadata, etc.
classification
Molleretal. 2020
Build a ML model to be quickly applied to Send your MLmodel and catalogs to be
LSST data used in FINK
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https://arxiv.org/pdf/2111.11438.pdf
https://arxiv.org/pdf/1901.06384.pdf

Transient

mweeestll Let's see with a concrete example: Early SNIa classifier

~ The broker world (what do we do with all these alerts?)

python scripts integrated into the FINK
software science module architecture

R e M Optimized
3 1 training with Trained ML
Y P ctive models
— 4 = learning
Leonietal, 2022 @ }---- >
catalogs

A4 ) ¥ e Su perN Nova Auxiliary information, feature
: ° .: i: i+ opensource photometric extraction, metadata, etc.
classification
Molleretal. 2020
Build a ML model to be quickly applied to Send your MLmodel and catalogs to be
LSST data used in FINK
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https://arxiv.org/pdf/2111.11438.pdf
https://arxiv.org/pdf/1901.06384.pdf
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Early SNIa classifier

1847 unique objects were sent by Fink to TNS
918 were spectroscopically classified asSN Ia

1057 received spectroscopic follow-up

ssee with a concrete example
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Plot by Julien Peloton (CNRS/IJCLab)
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Transient

Universe+ 2023

ZTFtransient sources classification

o 163 million alerts received, 110 million

62

« processed (https://fink-portal.org/stats)

. Typical nightly rates (200,000 alerts,~20GB/night -- 2/3
- survives quality cuts and out of this -> 2 get a label):

~75,000 known variable stars
~25,000 known SSO

~100 new SSO candidates
~100 new supernovae & core-collapse candidates
~10 (un)identified satellite glints
~5new SN la candidates

~1fast transient candidate (KN, GRB, CV ...
~1 new microlensing candidate

[T


https://fink-portal.org/stats

Transienq_

universe 2023 [N ANRIENNII$Y]

75,925,464 alerts

Rejection: 0%
Alltransients for2 years

of ZTF (about 10 days for
LSST...)

.........

............

...............
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Transienu»

e ss el 1he ZTF changing sky sources

65,023,745 alerts

Rejection: 13%
Alltransients for2 years

of ZTF (about 10 days for
LSST...), then removing

.........

- Known moving objects
" removed

CPTTTTTI

.........

......

o4
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Transient‘+

e ss el 1he ZTF changing sky sources

| ,4:a|ts | Rejection: 87%
...... e All transients for2 years
of ZTF (about 10 days for

LSST...), then removing

- Known moving objects
removed

|- Known variable galactic
sources removed

.........

A
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Transient‘+

e ss el 1he ZTF changing sky sources

1,304,937 alerts Rejection: 98%

Alltransients for2 years

of ZTF (about 10 days for
LSST...), then removing

& - Known moving objects
§ . removed
i | - Known variable galactic
sources removed

-Long trends removed

i,
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Transient+

e ss el 1he ZTF changing sky sources

Alltransients for2 years
of ZTF (about 10 days for
LSST...), then removing

: oA : ' : 8. - Known moving objects
i e . . e removed
AR e o g ' Iy : EE 8 - Known variable galactic
sources removed

......... : ¥ -Longtrends removed
-Candidate sources removed
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Transient+

e ss el 1he ZTF changing sky sources

881,883 alerts Rejection: 99%

..........

68

Alltransients for 2 years
of ZTF (@about 10 days for
LSST...), then removing

- Known moving objects
removed

) - Knownvariable galactic

'  sources removed
-Long trends removed
-Transient candidates
photometrically classified
by FINK removed

Remaining transient candidates

Galacticsources? Flares, CV, ...

Unclassified Solar System
objects?

Unclassified extragalactic transients



Transien « o . .
Once amodule isintegrated... you can also make offline analysis!

- https://fink-portal.org/

Tutorials: https://qithub.com/astrolabsoftware/fink-tutorials

" Thanks to Nicolas Dagoneau you all have a github account!


https://fink-portal.org/
https://github.com/astrolabsoftware/fink-tutorials

Transient

el Once a module is integrated... you can also make oftline analysis!

I_FﬂﬂN K

objectld Conesearch Date Search ~ Class Search Tracklet

Q Help




Transient

el Once a module is integrated... you can also make oftline analysis!

objectld

Conesearch

Date Search v Class Search

Tracklet

Early Supernova la candidates

Info Table Sky map

i:objectId
filter data...

ZTF22aajpzwn

ZTF22aaiiiho

295.3652803

273.9674927

266.8819962

298.6266396

264.6423366

273.9674591

i:dec

51.2627246

12.0377664

45.3039968

61.2873429

9.1645982

12.0377098

v:lastdate

2022-05-15 10:50:42.000

2022-05-15 10:38:34.002

2022-05-15 09:50:30.998

2022-05-15 09:46:58.999

2022-05-15 09:36:47.002

2022-05-15 09:05:59.001

Q

v:classification

Early SN la candidate
Early SN la candidate
Early SN la candidate
Early SN la candidate
Early SN la candidate

Early SN la candidate

T

i:ndethist




Transient

el Once a moduleisintegrated... Visualize the alert data

Info Table Sky map

4 Table options

i:objectId
filter data...

ZTF22aajpzwm

&

Last emission date:
e 2022-07-05 08:54:57.997

Last magnitude (band r):

19.48

Ambiguous

Constellation: Cygnus

Observation date

Days since first detection:

55

Total number of detections:

71

8,

Jun 19

'review \/.
- ‘,4 T——

i:ndethist




Transient

mwsa vl Once a module is integrated... Visualize the classifier results

Summary Variable stars Tracklets

Supernovae Microlensing Solar System

[l ZTF22aajpzwm : EE.
@ gband @ rband Click on a point in the lightcurve to update

® AMBIGUOUS e EARLY SN IA CANDIDATE SN CANDIDATE parameters below.

75
© UNKNOWN ®
@ HE
Discovery date: 2022-05-10 10:24:23.999 s 18 .'.‘0
Last detection: 2022-07-85 08:54:57.997 % 7‘ ‘. ® @ . ™
Number of detections: 59 X185 ! [ ] ® ® . » AMBIGUOUS
Number of low quality alerts: 5 &
2 ) < L ] g Date: 2022-07-05 08:54:57.997
Number of upper limits: 59 < 9 @ ‘
= % SuperNNova clas
=} &
SN Ia score: 0.26
i SNe score: 0.71
May 15 May 22 Juns Jun12 Jun19 Jun26 Jul3 Early a classifie
RF score: 0.00
Observation date
Variability (O 3y )
SN scores T2 scores Color and mag evolution Color and mag rate Info Rate g-r (last): nan mag/day
Rate g (last): 0.07 mag/day
OF Nhazueim . ; Rate r (last): 0.02 mag/day
| WL mn -
* o ogeni (N |
] ]
0:f ¢ [N | ° s s o
g § =8 0o . Extra properties
® ° 4
H S o Classtar: 0.98
0.6
g _.:l__’_i_____________:___.____._ ______ DL Real bogus: ©.99
3 R |
0.4 ™
L ]
02
May 15 May 22 Juns Jun12 Jun 19 Jun26 Jul 3

Observation date



Transient

mwsea sl Once a moduleis integrated... Analyze a bunch of alerts

& API: https://fink-portal.org/api

Extragalactic tutorial:
https://github.com/astrolabsoftware/fink-notebook-template/blob/main/extragalactic/extragalactic.ipynb

# Get latests Early SN candidates (200 max)
= requests.post(
'{}/api/v1l/latests'.format(APIURL),

Implement your own filter in Fink: json={
https://fink-broker.readthedocs.io/en/late 'class': 'Early SN Ia candidate’,
st/science/filters n': '200',

'startdate': '2021-04-01', # use a start date

‘stopdate’': '2021-04-13', # use a stop date

# Format output in a DataFrame
pdf = pd.read json(r.content)

14


https://fink-portal.org/api
https://github.com/astrolabsoftware/fink-notebook-template/blob/main/extragalactic/extragalactic.ipynb
https://fink-broker.readthedocs.io/en/latest/science/filters
https://fink-broker.readthedocs.io/en/latest/science/filters

Transien « .
Once amoduleisintegrated... Download a large amount of alerts

Documentation:

75


https://fink-broker.readthedocs.io/en/latest/services/data_transfer

Transient

sl Once a module is integrated... Download a large amount of alerts

Select data source Data Source

Choose the type of alerts you want to retrieve

Filter alerts ZTF ELASTICC

Filters

Date Range

Select content October 3, 2022 — October 10, 2022

Alert class

Submit

Trigger your job [
(Fink) Supernova candidates x Unknown x |

() Description Al classes

(Fink) Early Supernova la candidates
Log.in (Fink) Kilonova candidates
(Fink) Microlensing candidates

(Fink) Solar System (MPC)

(Fink) Solar System (candidates)
Submit

Documentation:



https://fink-broker.readthedocs.io/en/latest/services/data_transfer

Transient

sl Once a module is integrated... Download a large amount of alerts

ndethist>10
Log in

You need an account to retrieve the data. See fink Alert content
client if you are not yet registered. Choose the content you want to retrieve

Lightcurve (~1.4 KB/alert) Cutouts (~41 KB/alert) Full packet (~55 KB/alert)
Submit

Estimated number of alerts: 525,812 (48.81%) or 0.70 GB

Your topic name is: ftransfer_ztf_2023-04-26_296224

Monitor your job

Get your data

Once data has started to flow in the topic, you can easily download your alerts using the fink-client. Install the latest version and use e.g.

fink_datatransfer \
-topic ftransfer_ztf 2023-04-26_296224 \
-outdir ftransfer_ztf_2023-04-26_296224 \
-partitionby finkclass \
--verbose

Documentation:



https://fink-broker.readthedocs.io/en/latest/services/data_transfer

Transient

el FINK at yourservice! Have a look!

%% “22 Documentation at: https://fink-broker.readthedocs.io/en/latest/services/summary

e Live streams (Kafka streams): fink-client
o  Whatfor?Live inspection, Follow-up
o  Personalisable filters to select objects/parameters of interest
e Science Portal (dash-based) & REST API: https://fink-portal.org
o  Whatfor?Visual inspection, small queries, daily monitoring
o Alldata processed remains accessible
e DataTransferservice: fink-client, post, link
o  Whatfor?Bulk download, complex queries, ML/DL training, exotic analyses
e TOMmodule
1 o  Whatfor? Follow-up
o  https://github.com/TOMToolkit/tom fink
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https://fink-broker.readthedocs.io/en/latest/services/summary
https://github.com/astrolabsoftware/fink-client
https://fink-portal.org
https://github.com/astrolabsoftware/fink-client
https://fink-broker.org/2023-01-17-data-transfer/
https://fink-portal.org/download
https://github.com/TOMToolkit/tom_fink

FINK extracted knowledge from different science cases

" / E Satellites - Karpov & Peloton 2022 : arxiv:2202.05719
;A ,’  I] Solar System Objects - MITI grant - Rubin x Euclid
') " “ | e Variability in our Galaxy - Fink hackathon in Nov 2022
" Young Stellar objects - COIN residence in Sept 2022 Kuhn et al. 2023: arxiv:2303.09409

“H » ] Microlensing effect
. ' ] Kilonova - Aivazyan et al. 2022: arxiv:2202.09766, Biswas et al. 2022: arxiv:2210.17433
Y, J AGN - Russeil Etienne et al. 2022: arxiv:2211.10987 -> Ask Etienne;)
& ] Supernovae & Core-collapse - Leoniet al. 2021: arxiv:2111.11438; Méller & de Boissiére arxiv:2207.04578; Allam Jr et
al. 2023 arxiv:2303.08951
= J Pair-instability Supernovae - MITI grant
A
}; ] On-axis GRB: Le montager et al. in prep; Orphan GRB - see Marina’s talk - Ask Marina

J +  Multi-messenger analysis, Anomaly detection, and others!
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Transient

el My last take-away messages
i - ..~ Youare lucky because
e youwillenterintoan exciting era of discoveries (new generation of facilities = breakthrough

discoveries)

e Thankstothe VRO/LSST survey, there will be scientific targets publicly available for everyone from
GRBs to novae!

e youwill have plenty of broker services that will help you to select yourfavored transients for
furtherstudies

e youwill have the opportunity to show how smart you are in building a scientific program to find
what you want to find orwhat you did not expect to find ;)



My last take-away messages

.~ Youare lucky because

81

you will enterinto an exciting era of discoveries (new generation of facilities = breakthrough
discoveries)

Thanks to the VRO/LSST survey, there will be scientific targetgpublicly available for everyone}om
GRBs to novae!

you will have plenty of broker seryi ou to select your favored transients for

furtherstudies

you will have thedpportunity to show how smar§ou are in building a scient@o find
what you want to find or what you did not expegt to fird

BUT....
You will need to be proactive
(LSST and the broker will not find things for you)!




Transientr '
Universe T 2023

4
How to use the FINK outputs for your science

Time to practice forreal
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