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imoge. 2. (full video here)| - Image credit: Nikki Arendse

From gravitationally lensed SNe la (gISNe la), we can study...

Time delay cosmography to measure H, High redshift supernovae physics
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https://youtu.be/WC4kAMVCmzc?si=ZDlRkjPM7hBCEq2k
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Only three found so far (from ground-based telescopes)...

Where are the rest?
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https://youtu.be/WC4kAMVCmzc?si=ZDlRkjPM7hBCEq2k

Host galaxy

Lens galaxy

| Keck/NIRC2 (J-band)

Credit: Joel Johansson
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Resolved vs. unresolved

A. Goobar et al. (2023)

18f b ZTF-g ¢ ZTFr
¥ LTg s ¥ 3 o3
SALT2 p ""”s%
19} ’ 'Y
W --- unresolved | &
},’ ------ images A,C,B,D serssbeai, \ B
208 f . 1 unlensed - *\\\
§ il ot PN 1-21
{ i 28 NUE
Observed by ~ *'f /= = iy T B b S
i \’t {3 1o brightness ", 1-20
) % \‘ - T taite,, W o RSENl >
T i i 4 1 N o, e -19%
T 23f 1 i/ A S
-y 15/ s
© 15,4 = LA N —-18 ®
£ 3
45 18F LT-i + LT-z §
8 g
g e o 23 5
< S 3 pmm p~ )
19 / / (3 ‘L
.~ 4
f e T / A ‘T’ N -22
I g v / A Y
20F ! N ¥ l’ ..... *\\ L
{ S~ { =& L PO ~ _
[ ‘ fod anra, b + ++ 21
21} | { L I
;':::" LA ,' .............. 1-20
(s {
22f: G, % € 1l
I: /, N B k l_._' ————— N H
i s {HE S/ N +
ll::l ‘I 1 1 l\\’\ 1 o E::lll 1 1 1 \\k 1 = -—18
-20 0 20 40 60 -20 0 20 40 60

Alice Townsend | MMS Annual Meeting

Days in observer frame since lightcurve peak



The ZTF archive study
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A. Sagués Carracedo et al. (2024)

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?
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Alert photometry stream
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!
Filter

! 31930
Catalogue match

§ 1 * Queried ~ 3 years of ZTF alert stream.
SALT? fi * Need the right infrastructure to filter billions of alerts!

I ‘ = AMPEL is an alert processing platform that hosts the
e 1 &9 ZTF archive.

Pipeline

Alert pipeline

Obtain forced
L photometry

Forced photometry stream

Selection 1: DESI
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Alert photometry stream

Pipeline

!
Filter

! 31930
Catalogue match

§ 1 * Queried ~ 3 years of ZTF alert stream.
SALT? fi * Need the right infrastructure to filter billions of alerts!

I ‘ = AMPEL is an alert processing platform that hosts the
pase ous &9 ZTF archive.
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Alert pipeline

Obtain forced
L photometry

Forced photometry stream

Selection 1: DESI

l _ l We applied filters and cuts, resulting in two samples of
SALT2 refit + base SALT2 refit + base .
cuts wit DESIz | cuts cs1a candidates:
Peak magnitude A —— 1. Less strict cuts + spectroscopic redshift from DESI
t .n . . .
T QL I 84 2. More strict cuts (e.g. light curve more closely resembling
1st I = . . . . .
nspectin | § | | Manual nspection | simulated gISNe la) + photometric redshift
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Gold sample candidates
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Gold sample candidates

However, we had to remove
| possible contaminants:

« AGN

CSM interaction events
e TDEs

. sLSNe

ZTF21labcwuhh

ZTF22aabifrp
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Largest contaminant: SLSNe

SLSNe can be confused because they...

° i ~ + SNeI lIn | <4 I ISNe Ialx candiollates
are also bright (peak My =~ —21) al e+ gISNe :
- can have similar light curves to gISNe la L+ StSNed
with larger time delays T
>
g ot M 77 = e —o—
However, could possibly distinguish them by... & | e
« studying the host and/or possible lens S -2 ‘F T + B
galaxy - |
-4+
 comparing rise/decline/duration and light T e
curve shape 6 f|3 10 12
0g My /M o
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Two likely gISNe la

We modelled a two-image
lensed SN la by combining
two SALTZ2 templates.

From this, we can estimate
 Time delays
« Magnifications

* Image separation
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Two likely glSNe la
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Summary

» Created a pipeline that filtered the entire ZTF archive for the specific criteria of a rare
transient, gISNe la.

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

» Two glSNe la 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).

- Paper is on the arXiv!
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Extra slides
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I
Galaxies w. redshift

---- Galaxy colour cuts
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Peak My at lens redshift
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Sample statistics

e S1:DESI (30)
S2: Cuts (27)
Y SN Zwicky
Y% iPTF16geu
B Base cuts
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Lens z

Detected gISNe la (SN Zwicky
and iPTF16geu) match the
brightest magnification tail.

We have identified a large
population of less magnified
candidate glSNe la.
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Sample statistics
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Contaminants — SLSNe

and many, many more...
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Contaminants — TDEs

TDE can be confused

because they...

e can also be bright

« are close to core of
galaxy

e can be red

However, we can

distinguish them by light
curve shape.
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Contaminants — AGN
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Passed all cuts, in a candidate lens system, but has long-term variability ®

25.06.2024 Alice Townsend | MMS Annual Meeting 21



