UNIVERSITY OF

ILLINOIS

AAAAAAAAAAAAAAA

/\

ANTARES

Multi-messenger astronomy
Infrastructure for optical
follow-ups

Konstantin Malanchev, Gautham Narayan
UIUC

ML@MIT 2023.01.30



Kilonova search
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LSST observation strategy

Target of opportunity strategy, O5

Serendipitous detection efficiency

for different obs strategies
(Andreoni+22a)
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Binary classification vs SN and TDE
Chatterjee, KM+ 2022
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Classification vs M-dwarf flares
WIP Ved Shah, KM+
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Getting ready for LSST



Vera C. Rubin Observatory Legacy Survey of Space and Time

Key numbers

* 10 year survey, starting in 2024-2025
 20B galaxies, 17B stars, 6M solar

system bodies
 10M alerts / night, 80 GB / night
* Primary mirror: 8.4m
* Field of view: 9.6 sg degrees
e Detector: 3.2 Gpx

 Camera: six passbands

300000

280000

260000

Discovered SNe

~ 240000

220000
5000

25000

SN detection rate

T[T T T[T T T[T TT[TT T[T TT[TTT[]1
B Photometric SNe

3 Spectroscopic SNe
Photometric SNe, LSST Yr 1

© o) Q O\, ™
N N ) Y V
RN SIANIPINGIEN

Year

Alex Gagliano



Future of the photometric alert infrastructure \\/

7//
Rubin Observatory streams 10 million alerts/night to 7 broker teams (//é
ANTARES - Time-Domain Astronomy at NSF's NOIRLab Splinter Session)

Dark Energy Science Collaboration

| 2w VERA C.RUBIN
) = OBSERVATORY

10




Future of the photometric alert infrastructure \\/

7//
Rubin Observatory streams 10 million alerts/night to 7 broker teams (//é
ANTARES - Time-Domain Astronomy at NSF's NOIRLab Splinter Session)

Dark Energy Science Collaboration

107 alerts/night
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Future of the photometric alert infrastructure }g\\/“DESC
/7/,;1,’ ~

/ rrrrrrrrrrr ience Collaboration
: : : : |
These brokers run user algorithms to characterize, classify and fllte/é nts

107 alerts/night
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Future of the photometric alert infrastructure }g\\/EDESC

= - - . // \ rrrrrrrrrrr ience Collaboration
These brokers run user algorithms to characterize, classify and fllte/é nts
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Future of the photometric alert infrastructure X\\/ DESC

7/' .............................
The community ingests classifications from the brokers, decides follow-upa c/é ns and
works to meet their science requirements
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Future of the photometric alert infrastructure §§\/5DESC

Dark Energy Science Collaborati

F
The community ingests classifications from the brokers, decides foIIow—up{c/éi\ ns and
works to meet their science requirements
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Future of the photometric alert infrastructure \\SQ\/H
— 1 3DESC
© 4long

Big infrastructure challenge with multiple potential points of failure
chain. ELAsTICC simulates the entire chain to identify these.
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End-to-end real-time stress test LSST alert system and

ELASTICC is the largest simulation of the time- domqn\ sky

classifiers.

few GW alerts for kilonovae and

53 million alerts charting the time-evolution of

4.3 million objects from

20 classes (galactic + extragalactic) with

realistic host-galaxy associations (SCOTCH, Lokken+22)
3 years of LSST simulated with the current baseline
streamed to LSST AP team to broadcast to

4 | SST brokers (ALeRCE, AMPEL, ANTARES, FINK)
running 10 different classifiers

over 3 months of real time i.e. ~0.5e6 alerts/night
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ELASTICC alert data — BDESC

1. LSST event
e Photometry T
e Milky way dust redding | ;
e Probable hosts, O for the Galactic

sources, 0 to 2 for the extragalactic
transients:
- Separation
- Photometric and rarely
spectroscopic redshifts
- Magnitudes and morphology
2. GW event: localization map

Gagliano+21, arXiv:2008.09630

12




Message passing



Multimessenger trigger
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Multimessenger trigger Coordinate, visualize follow-up
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Space Observatories
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Space Observatories
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Space Observatories
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http://scimma.org
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ANTARES alert broker



Web-portal

roker for: ZTF, LSST, DECam, GW alerts.
Main portal arget & observation manager
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ANTARES and user filters

Filters

* Easy to develop with NOIRLab Data Lab
https://datalab.noirlab.edu/

 Submit and update via ANTARES portal
https.//antares.noirlab.edu/

e Communicate with the team for the further
integration

o LSST simulations, ZTF data wait for your
filters!

THE ANTARES EVENT BROKER

afka
‘ Input
Pipeline Worker A
ANTARES
Fiter out | L1 Filters Y /_\
bad Alerts Alert Database
Update
i Locus
Get or create L Append
Locus, and load Locus- > Alert
historical Alert Aggregation ea \
Load associated :
objects from Catalog.Ot_:ject > Catalogs
stro catalogs Association
Load associated :
objects from Watch?b!ect »  WatchObject
rs’ watch lists Association
Science | L2 Filters Y \_/
Filt
4
Store the Alert j/
and update Locus

Update

@arch EngD

Locus



https://datalab.noirlab.edu/
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THE ANTARES EVENT BROKER
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ANTARES and user filters

Filters

* Easy to develop with NOIRLab Data Lab
https://datalab.noirlab.edu/

 Submit and update via ANTARES portal
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e Communicate with the team for the further
integration

o LSST simulations, ZTF data wait for your
filters!
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Fil

o o o

°
)

°
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AANTARES

Explore Favorites

APA°

Display a menu

O @ antares.noirlab.edu/filters/create C @ [-1-] + [E]

ANTARES

Filters Tags Watch Lists Catalogs Pipeline Properties FAQ Team Support Konstantin Malanchev ~

New Filter Submission Update

Thank you for your interest in submitting a filter to ANTARES. N
Append

Filter Name

Enter the name of your filter

Filter names must begin with a lowercase or uppercase letter and may contain up to 64 characters. They
may contain letters, numbers, spaces, underscores, hyphens and periods.

Filter Description /

Enter a description for your filter

Enter up to 2048 characters describing this filter.
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ANTARES and user filters

Filters

* Easy to develop with NOIRLab Data Lab
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e Communicate with the team for the further
integration

o LSST simulations, ZTF data wait for your
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Filter example: light-curve classification
WIP KM

ANTARES 2.0.0 LiCuParsnip _filter ANTARES 2.0.0 LiCuParsnip_filter

True class 113 (I1) True class 131 (SLSN) 10
ParSNIP (Boone21) autoencoder oo
on extragalactic transients cephei

Light-curve features (KM+22) E

Host separation, photometry and ¢ .
morphology i
XGBoost classifier R Lyrac




Downstream systems

e "Point of Interest”, Pl Nina « Recommender Engine For
Hernitschek. Intelligent Transient Tracking
(REFITT), Pl Dan Milisavljevic

4

- Recommender Engine For Intelligent Transient Tracking

Scientific goals of the proposed broker system

add value to two of the four science pillars as specified for LSST: | i b ~ .
Exploring the Transient Optical Sky and Mapping the Milky Way ;j_i—' ] [ o Gﬁ NG
L i & \ :

TIME

REFITT ingests alerts from REFITT makes predictions REFITT broadcasts and Observations are made by
sky surveys that have first about how transients will optimally coordinates a diverse network of
passed through data evolve and recommends recommendations that observing agents and
brokers that add follow up strategies that have been prioritized by reported back to REFITT.
information to transient best augment the light scientific utility.

discoveries. Data from curve.

other sources is also

accepted.

REFITT is a crowdsourcing platform that streamlines:
* decision-making - which target is the best to observe right now?
* data processing - sharing data and ensuring uniform calibration.

I -




Takeaways

* We need efficient strategy and ML algos for KN search

e SCIMMA HOPSKOTCH is present and future of message passing
» ML model deployment target is an alert broker

* Next run of ELASTICC is March-June, you can jump into

* Bring your ML to real ZTF, DECam, and future LSST, O5 data

e Contact ANTARES team or me directly kostya@illinois.edu
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