


A million stars* isn’t cool. 
You know what’s cool?



A billion stars*. 

—(fictionalized) Sean Parker 

*original quote about dollars not stars

The Social Network — Aaron Sorkin
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“Moore’s Law” of CCDs 
Every ~decade pixels increase by factor of ~10x

credit: NASA,  Rubin Observatory



Mosaic Multiple Detectors
Enables fast readout

credit: Dark Energy Survey Collaboration



Vera C. Rubin Observatory
Legacy Survey of Space and Time (LSST)

credit:  RubinObs/NOIRLab/SLAC/NSF/DOE/AURA/A. Pizarro D.

Cerro Pachon, Chile


8.4 m telescope


3.4 Gigapixels


20 TB/night


10 year survey



Vera C. Rubin Observatory
Legacy Survey of Space and Time (LSST)

credit:  RubinObs/NOIRLab/SLAC/NSF/DOE/AURA/A. Pizarro D.



SkAI Institute
Developing AI solutions for Rubin and other surveys

credit: SkAI/NCSA
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Cosmology and the 
Early Universe

Galaxy Formation 
and Evolution

Stars, Compact Objects 
and their Transients

What do small- and large-scale 
phenomena reveal about the nature of 
dark matter and dark energy?

What are the effects of stellar and 
black-hole physics on the formation 
and evolution of galaxies?

How do dark matter and baryons 
co-evolve to form the galaxies and 
cosmic structure we observe?

How do stars, compact objects, and their 
transients evolve across cosmic time from 
the earliest moments of the Universe?

How were the initial seeds of structure 
formed in the early Universe?

What are the physical origins of transient 
and variable phenomena in different 
types of galactic environments?



SkAI Institute
Bridging scales across astrophysics

credit: SkAI/NCSA
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SkAI Institute
Bridging scales across astrophysics and AI



SkAI Institute
Bridging scales across astrophysics and AI



SkAI Institute
Overview

credit: SkAI/NCSA



SkAI Institute
Nationwide collaboration



SkAI: a Geographic and Community Hub



SkAI Focus: Multi-scale Astrophysics
Orders of magnitude in space and time
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Observations of Galaxies
Uncertainty quantification 

weak lensing strong lensing low surface brightness

HSTRubin Rubin

Tjitske Starkenburg 
(NU astro)

Emma Alexander 
(NU CS)



Observations of Galaxies

image quality uncertainty quantification scalability



Simulations of Stars
Astrophysics-informed neural networks

Aggelos Katsaggelos 
(NU CS)

Vicky Kalogera 
(NU astro)

single stars 

4 coupled ODEs/PDEs


M, !, L, T as a function of r, t

+microphysics


binary stars 
2 stars + orbit

mass transfer 


 




Simulations of Stars
Astrophysics-informed neural networks

PINNs replicate single stars

loss incorporates PDEs, BCs, & training data


can simulate stars without training sims

(currently less accurate)


(soon) accelerated models beyond SOTA 

 




Need Many Images to Detect Faint Sources
Repetition opens up the time domain

Credit: NSF-DOE Vera C. Rubin Observatory



Observations of Exploding Stars
Image subtraction 

historical referencenew image “subtraction”

AA Miller et al. 2017b



ZTF Bright Transient Survey

credit: fritz.science

Automating Discovery



ZTF Bright Transient Survey

credit: fritz.science

Automating Discovery



 BTSbot — Can ML identify supernovae?

Rehemtulla, AA Miller et al. 2024

Automating Discovery
Nabeel Rehemtulla 
(NU grad student)



SN 2023tyk
First-ever automated detection, ID, spectrum, classification + public report

Rehemtulla, AA Miller et al. 2024; credit: fritz.science



SN 2024jlf
Automation enables fast follow-up

Rehemtulla+AA Miller et al. 2025



SN 2025qtt
Automation enables fast follow-up (from space)

Rehemtulla, Schulze+AA Miller et al. 2025



SN 2025qtt
Automation enables fast follow-up (from space)

Rehemtulla, Schulze+AA Miller et al. 2025

"t = 6 min (!)



LSST Supernova Deluge
~2000 new discoveries every night

credit: Alex Gagliano



Supernova Time Series
Light curves encode some, but not all information
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Supernova Discoveries
New/rare sources highlight gaps in our knowledge

Schulze, Gal-yam, Dessart, AA Miller et al. 2024

Steve Schulze 
(NU research associate)



Supernova Discoveries
New/rare sources highlight gaps in our knowledge

Schulze, Gal-yam, Dessart, AA Miller et al. 2024

Steve Schulze 
(NU research associate)

Steve Schulze 
(NU research associate)



Hierarchical Real-Time Classification
Classification becomes more granular with time
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Ved Shah 
(NU grad student)

Alert

Transient Variable
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Hierarchical Real-Time Classification
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SN I or SN II?

Alert

Transient Variable

Fast TransientSN like

SN IISN Ib/cSN Ia

Classification becomes more granular with time



Multimodal using time series and galaxy information

contextual features

time series

Shah et al. 2025

Hierarchical Real-Time Classification

alert



Performance on real observations

Shah, Rehemtulla, AA Miller 2025

Hierarchical Real-Time Classification



Can we improve BTSbot?
Vision Transformers For Multimodality

Rehemtulla, AA Miller et al. 2025



Can Foundational AI Classify Variables?
StarEmbed

Han Liu Qinjie Lin

Weijian LiHong-Yu Chen Nabeel Rehemtulla

Ved Shah

Padma Venkatraman

Adam Miller



StarEmbed
Representing light curves with time series foundation models



StarEmbed
Representing light curves with time series foundation models

Li+ AA Miller et al. 2025



StarEmbed
Classification performance

Li+ AA Miller et al. 2025



Conclusions

Universe is very big


 


 


 

 


Schulze, Gal-yam, Dessart, AA Miller et al. 2024
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credit:  RubinObs/NOIRLab/SLAC/NSF/DOE/AURA/A. Pizarro D.
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SkAI Institute

nexus for new astro+AI research


