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From gravitationally lensed SNe Ia (glSNe Ia), we can study…
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Matter distribution of lensing galaxy

High redshift supernovae physicsTime delay cosmography to measure 𝐻!

(full video here)

Motivation

Image credit: Nikki Arendse

https://youtu.be/WC4kAMVCmzc?si=ZDlRkjPM7hBCEq2k


Only three found so far (from ground-based telescopes)…

25.06.2024 Alice Townsend | MMS Annual Meeting 2

Where are the rest?

Image credit: Nikki Arendse(full video here)

Motivation

https://youtu.be/WC4kAMVCmzc?si=ZDlRkjPM7hBCEq2k


25.06.2024 Alice Townsend | MMS Annual Meeting 3

Credit: Joel Johansson

A. Goobar et al. (2023)

Observed by 
ZTF

Resolved vs. unresolved



From previous observations and simulations, 
glSNe Ia are…
• Over-luminous (𝑀" > −19.5)
• Higher redshift (𝑧 > 0.1) 
• Near core of the lens galaxy (𝜃 < 3”)
• Redder light curves than normal SNe Ia
• Lensed by galaxies that are redder (than QSOs)
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ZTF is a wide-field, optical survey that has been scanning the transient sky for 5 years.

How many objects like this did ZTF discover?

The ZTF archive study

A. Sagués Carracedo et al. (2024)
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• Queried ~ 3 years of ZTF alert stream.
• Need the right infrastructure to filter billions of alerts!

§ AMPEL is an alert processing platform that hosts the 
ZTF archive.

Pipeline
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• Queried ~ 3 years of ZTF alert stream.
• Need the right infrastructure to filter billions of alerts!

§ AMPEL is an alert processing platform that hosts the 
ZTF archive.

We applied filters and cuts, resulting in two samples of 
candidates:
1. Less strict cuts + spectroscopic redshift from DESI
2. More strict cuts (e.g. light curve more closely resembling 

simulated glSNe Ia) + photometric redshift
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Gold sample candidates

Alice Townsend | MMS Annual Meeting
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Gold sample candidates
However, we had to remove 
possible contaminants:
• AGN
• CSM interaction events
• TDEs
• SLSNe

Alice Townsend | MMS Annual Meeting
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Largest contaminant: SLSNe

SLSNe can be confused because they…
• are also bright (peak 𝑀" ≈ −21)
• can have similar light curves to glSNe Ia 

with larger time delays

However, could possibly distinguish them by…
• studying the host and/or possible lens 

galaxy
• comparing rise/decline/duration and light 

curve shape
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Two likely glSNe Ia

We modelled a two-image 
lensed SN Ia by combining 
two SALT2 templates.

From this, we can estimate 

• Time delays

• Magnifications

• Image separation
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Two likely glSNe Ia

Δ𝑡 = 22 ± 3	days
𝜇#$# = 3.6 ± 1.3
Δ𝜃 = 1.1”

Δ𝑡 = 34 ± 1	days
𝜇#$# = 4.3 ± 0.6
Δ𝜃 = 1.7	”

Time delay

Magnification

Image separation



• Created a pipeline that filtered the entire ZTF archive for the specific criteria of a rare 
transient, glSNe Ia.

• Despite no spectra for the transients, we were able to identify and eliminate 
contaminants.

• Two glSNe Ia candidates with spectroscopic redshifts – and maybe more in the future.
• Opportunity with DESI to re-observe the gold sample galaxies at higher S/N (or follow-up 

with other telescopes).

à Paper is on the arXiv!
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Summary



• Created a pipeline that filtered the entire ZTF archive for the specific criteria of a rare 
transient, glSNe Ia.

• Despite no spectra for the transients, we were able to identify and eliminate 
contaminants.

• Two glSNe Ia candidates with spectroscopic redshifts – and maybe more in the future.
• Opportunity with DESI to re-observe the gold sample galaxies at higher S/N (or follow-up 

with other telescopes).

à Paper is on the arXiv!

25.06.2024 Alice Townsend | MMS Annual Meeting 13

Summary
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Extra slides
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Sample statistics

Lens z

P
ea

k 
𝑀
!
 a

t l
en

s 
re

ds
hi

ft Detected glSNe Ia (SN Zwicky 
and iPTF16geu) match the 
brightest magnification tail.
We have identified a large 
population of less magnified 
candidate glSNe Ia.



25.06.2024 Alice Townsend | MMS Annual Meeting 18

Sample statistics
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and many, many more…

Contaminants – SLSNe
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TDE can be confused 
because they…
• can also be bright
• are close to core of 

galaxy
• can be red

However, we can 
distinguish them by light 
curve shape.

Contaminants – TDEs
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Passed all cuts, in a candidate lens system, but has long-term variability L

Contaminants – AGN


