
ML@MIT 2023.01.30

Multi-messenger astronomy 
infrastructure for optical 
follow-ups
Konstantin Malanchev, Gautham Narayan 
UIUC



Kilonova search



Abott+17



Abott+17



LSST observation strategy
Serendipitous detection efficiency 
for different obs strategies 
(Andreoni+22a)

Target of opportunity strategy, O5 
(Andreoni+22b)



Binary classification vs SN and TDE
Chatterjee, KM+ 2022

LSST simulations

SN 2019npv, ZTF
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Classification vs M-dwarf flares
WIP Ved Shah, KM+

M-dwarf sky distribution modelExample localization map



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 sq degrees


• Detector: 3.2 Gpx


• Camera: six passbands

Alex Gagliano

SN detection rate



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

Future of the photometric alert infrastructure
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Future of the photometric alert infrastructure

10

Big infrastructure challenge with multiple potential points of failure along 
chain. ELAsTiCC simulates the entire chain to identify these.
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ELAsTiCC is the largest simulation of the time-domain sky

End-to-end real-time stress test LSST alert system and 
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 LSST 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

1. LSST event 
•Photometry 
• Milky way dust redding 
• Probable hosts, 0 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
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Gagliano+21, arXiv:2008.09630



Message passing
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Adopted from Andy Howell, Boom 2022
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SCIMMA HOPSKOTCH
▸ New messaging system being built by SCIMMA 

(Scalable Cyberinfrastructure for Multimessenger 
Astrophysics) funded by the NSF - see 
scimma.org 

▸ Pub-sub model - only subscribe to the 
information you want. This allows carrying much 
more information.   

▸ Will carry existing existing astronomical 
messages, e.g. GCN Circulars and Notices, 
Transient Name Server messages, Astronomer’s 
Telegrams. 

▸ Goal is to increase machine readable information. 

▸ Can ultimately support other types of messages, 
e.g. sending images, spectra, data points, 
observation plans, instrument availability.  

▸ Based on Kafka — will scale to LSST era. 

▸ Cloud-based.  Hosted by Amazon Web Services 

▸ Integrated with Identity and Access 
Management system (currently COmanage). 

▸ Standards problem: How do we all agree on 
how to make what we send machine readable? 

Adopted from Andy Howell, Boom 2022

http://scimma.org


HERMES

Broker

Kafka + Magic

GUI + API + Protocol + Database

Target & Observation Manager

Coordinate, visualize follow-up

Space Observatories

Observatory

Multimessenger trigger

Survey facility Adopted from Andy Howell, Boom 2022



ANTARES alert broker



Web-portal
Broker for: ZTF, LSST, DECam, GW alerts.

Target & observation manager Main portal



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/ 


• Communicate with the team for the further 
integration


• LSST simulations, ZTF data wait for your 
filters!
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https://antares.noirlab.edu/


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/ 


• Communicate with the team for the further 
integration


• LSST simulations, ZTF data wait for your 
filters!

https://datalab.noirlab.edu/
https://antares.noirlab.edu/


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/ 


• Communicate with the team for the further 
integration


• LSST simulations, ZTF data wait for your 
filters!

https://datalab.noirlab.edu/
https://antares.noirlab.edu/


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/ 


• Communicate with the team for the further 
integration


• LSST simulations, ZTF data wait for your 
filters!

https://datalab.noirlab.edu/
https://antares.noirlab.edu/


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/ 


• Communicate with the team for the further 
integration


• LSST simulations, ZTF data wait for your 
filters!

https://datalab.noirlab.edu/
https://antares.noirlab.edu/


Filter example: light-curve classification
WIP KM

• ParSNIP (Boone21) autoencoder trained 
on extragalactic transients


• Light-curve features (KM+22)


• Host separation, photometry and 
morphology


• XGBoost classifier

Δt Δt



Downstream systems
• "Point of Interest", PI Nina 

Hernitschek. 
 
 
 
 
 
 

• Recommender Engine For 
Intelligent Transient Tracking 
(REFITT), PI Dan Milisavljevic



Takeaways

• We need efficient strategy and ML algos for KN search


• 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


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

mailto:kostya@illinois.edu

