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events that have a large range of time 
scales from microseconds to years

- Extragalactic transients are due to 
energetic events outside the Milky 
Way, in most cases they are 
associated to a host galaxy
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association with a host galaxy Example of light curve for SN2022ann 
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- Two physical scenarios
- The host galaxy was not detected because it is faintest than the survey’s 

limiting magnitude
- The transient was produced by a progenitor that achieved hypervelocity 

and escaped its host galaxy (e.g. Martin+06, Zinn+11)
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CURRENT SCENARIO

Astronomers visually inspect the 
ZTF alerts to identify hostless 

transient candidates!

ELEPHANT  came to 
rescue!
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Dataset
- Our data comprises alerts processed by Fink from January/2022 until 

December/2023

- We only keep events:
- Associated with an extragalactic transient classification (including all classes of AGNs, SNe, 

Kilonova candidates, etc) 
- Not associated with a known host from MANGROVE catalog (Ducoin+20), even if the host 

galaxy association is tentative
- That have two or more alerts, in order to eliminate potentially bogus events

~70 million alerts 
corresponding to  

~18 millions objects

~50% have an associated classification
from a cross-match with SIMBAD and 
Transient Name Server (TNS), or by 

machine learning predictions in FINK

3.5% of the original alerts are kept
after applying all conditions
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The Fourier power spectrum step 
This step determines if there is any indication of a host presence, being effective 
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The Fourier power spectrum step 
This step determines if there is any indication of a host presence, being effective 
even if the signal is faint. In summary:

1) Transform the stamps into the Fourier space -> 2-dimensional
2) Calculate the power spectrum -> 1-dimensional
3) Calculate the Wasserstein distance of pairs of power spectra (I will denote the distance 

distributions as W)
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The Fourier power spectrum step 
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Results from Jan/22 - Dec/23
- ELEPHANT found a total of 1563 hostless candidates (<2% of all analyzed 

transients are potentially hostless)

- Among them, 10% have a spectroscopic class reported on TNS: Type Ia 
supernova being the most common class, followed by SLSN

- 3 of the SNe reported in our list were found and followed-up in real time by 
different groups. They were studied in detail due to their rare nature. I will 
show them in the next slides.



Identified by Schulze+24 as the best pair-instability supernova (PISNe) 
candidate to date. It has been proposed that PISNe mark the explosive death 
of Population III stars. It is associated with a faint dwarf host (mr~24.4 mag)

Results from Jan/22 - Dec/23



Studied by Lunnan+20 alongside three other SLSNe discovered by ZTF. It can be 
considered a classical SLSN I and it is associated with a faint dwarf galaxy 
(mr~22.4 mag)

Results from Jan/22 - Dec/23



Studied by Davis+23 as one of only five known SNe Icn. It is associated with a 
faint dwarf host galaxy located in the lower end of the SN host galaxy luminosity 
distribution

Results from Jan/22 - Dec/23



Final remarks
- ELEPHANT can serve as a powerful tool to identify: SNe potentially associated 

to dwarf host galaxies; AGNs associated with low-mass galaxies; sources that 
been ejected from their host galaxies

- Currently, we are processing FINK alerts with ELEPHANT every week

- ELEPHANT will be fully implemented soon in the FINK broker to allow real-time 
detection of hostless candidates. It will be adapted to LSST data in the future



Thank you!
Check out our GitHub repository: 
https://github.com/COINtoolbox/extragalactic_hostless 

arXiv:2404.18165


