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THE VALUE OF CONTEXTUAL INFORMATION  
FOR TIME-DOMAIN STUDIES

Progenitor Studies Prompt Follow-up 

Open  
Supernova 

Catalog

Assemble 
Host Galaxy 
Candidates

Separate Stars from  
Host Candidates

Gradient 
Ascent

Directional  
Light Radius

Visualize  
Host Features

Classify SN with  
Host Features

Transient  
Name 
Server Associate Supernova With Host 

Software and Database

Consolidate Classified Supernovae

SN Ia 
85%

Event Characterization



3

Rapid Event Characterization

2. Event Characterization

Rubin will discover ~3M luminous transients in 10 years. 
How can we study these systems faster?
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SNe Ia found in early-type, low sfr, 
red (old) galaxies  (Mandel+2013; Anderson+2015)

SNe Ic-BL found in metal-poor 
galaxies (Kelly+2018, Modjaz+2020); 

CC in star-forming regions (Kelly+2012)

SUPERNOVA-HOST GALAXY CORRELATIONS REFLECT PROGENITORS

SN Ic

2. Event Characterization

Wiseman+2020

Mandel & Foley, 2013
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GALAXIES HOSTING SUPERNOVAE 
AND OTHER TRANSIENTS

16,228 SNe (78% of events from TNS/OSC) matched to PS1 host galaxies.
2. Event Characterization



62. Event Characterization

We predict supernova class with 
~70% accuracy with a single 
photon from the explosion. 

BINARY RF CLASSIFICATION USING ONLY PS1 HOST INFO

Homogeneous 
samples from 

high-z untargeted 
searches are 

needed!

Gagliano et al., 2021
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Transient-host galaxy correlations will play a vital role in 
validating software pipelines before VRO first light.

PREPARING ALERT BROKERS FOR WIDER, FASTER, 
DEEPER DATASETS

(Villar+2021)

u g r i z y

GHOST 
Gagliano+2021a

CosmoDC2
Korytov+2019

PLAsTiCC (2019) ELAsTiCC (2021)
Full-phase light curves to 
prepare classifiers for LSST 

No host-galaxy correlations 
(photo-zs) 

Simulated alert stream with 
features of most-likely host-galaxy  

Transient correlations informed by 
GHOST database.

2. Event Characterization



1. Select redshift-independent 
properties:

● Rest frame absolute magnitudes  
(R, I)

● Rest frame colors (g-r, i-z)

2. Normalize all properties:
● remove mean and scale to unit 

variance
● Down-weight redshift

3. Find k nearest neighbors:
● Approximate nearest-neighbors 

(ANNOY) for rapid parallel 
querying

MATCHING GHOST TO COSMODC2
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Lokken, Gagliano, et al. (in prep.) 



MATCHING EXTENDS GHOST CORRELATIONS  
TO DERIVED QUANTITIES FOR FAINT, HIGH-Z GALAXIES 
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Host-galaxy libraries created for SNe Ia, Ibc, and SLSNe (6M) in 12 min



10

Truth catalog of 5M explosive transients (to z~3) and 
realistic host galaxy properties (observed + derived). 

Lokken, Gagliano, et al. (in prep.) entering DESC internal 
review today and out soon on arxiv!

2. Event Characterization

THE SIMULATED CATALOG OF OPTICAL TRANSIENTS AND 
CORRELATED HOSTS (SCOTCH)
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CCA WORK: AUTOMATING FOLLOW-UP FOR 
TARGETED STUDIES OF INTERESTING TRANSIENTS

I. ELAsTiCC+SuperRAENN* Classifier
II. Learning Science-Specific Interests for Follow-Up

What should I watch?
ANT2021cv 

•SN Ia 
•low-z 
•8.3 days 
to peak

What should I watch?
ANT2021cv 

•SN Ia 
•low-z 
•8.3 days 
to peak

Best For:  
• SNIa cosmology

Newest Object: 
• SNIa-Pec 

Science Objective: 
Homogeneous 
SNIa Samples

I II
Rapid follow-up 
recommendations

Event photometry, 
host-galaxy photometry

3. Prompt Follow-Up  *Villar+2020



CCA WORK: WHAT MAKES A TRANSIENT INTERESTING?

3. Prompt Follow-Up

Investigating event features (host + SN) that correlate most strongly with follow-up requests. 
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ENCODING PIXEL-LEVEL INFORMATION INTO  
REAL-TIME CLASSIFICATION

3. Prompt Follow-Up

Adapted from Prof. Carlos Scheidegger

SLSNe

SNe IIb
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ALERCE BROKER USES PIXEL-LEVEL HOST 
INFORMATION; OTHERS WILL SOON FOLLOW SUIT! 

3. Prompt Follow-Up

https://alerce.online/



Host galaxies are an underutilized resource 
for early studies of transient events.

The astro_ghost (pip-installable!) package provides new tools for 
associating transients and consolidating host properties (Gagliano+2021).

Embedding realistic host correlations within ELAsTiCC data is crucial for 
validating analysis pipelines for upcoming surveys (Lokken & Gagliano, 
in prep).

Contextual information + ML can enable fast follow-up for specific 
science goals (CCA).

CONCLUSIONS
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