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Abstract

The JWST Advanced Deep Extragalactic Survey (JADES) is a multicycle JWST program that has taken among the
deepest near- and mid-infrared images to date (down to ∼30 AB mag) over ∼25 arcmin2 in the GOODS-S field in
two sets of observations with 1 yr of separation. This presented the first opportunity to systematically search for
transients, mostly supernovae (SNe), out to z> 2. We found 79 SNe: 38 at z< 2, 23 at 2< z< 3, 8 at 3< z< 4, 7 at
4< z< 5, and 3 with undetermined redshifts, where the redshifts are predominantly based on spectroscopic or highly
reliable JADES photometric redshifts of the host galaxies. At this depth, the detection rate is ∼1–2 arcmin–2 yr–1,
demonstrating the power of JWST as an SN discovery machine. We also conducted multiband follow-up NIRCam
observations of a subset of the SNe to better constrain their light curves and classify their types. Here, we present the
survey, sample, search parameters, spectral energy distributions, light curves, and classifications. Even at z� 2, the
NIRCam data quality is high enough to allow SN classification via multiepoch light-curve fitting with confidence.
The multiepoch SN sample includes a Type Ia SN at zspec= 2.90, a Type IIP SN at zspec= 3.61, and a Type Ic-BL SN
at zspec= 2.83. We also found that two z∼ 16 galaxy candidates from the first imaging epoch were actually transients
that faded in the second epoch, illustrating the possibility that moderate/high-redshift SNe could mimic high-redshift
dropout galaxies.

Unified Astronomy Thesaurus concepts: Supernovae (1668)

Materials only available in the online version of record: figure sets

1. Introduction

The high-redshift (1.5z 5) transient Universe is still a
relatively unexplored field of astrophysics due to the vast

amount of resources required to discover supernovae (SNe) at
z 1. The Cosmic Assembly Near-Infrared Deep Extragalactic
Legacy Survey (CANDELS) was a multicycle Treasury Hubble
Space Telescope (HST) program consisting of ∼900 orbits
executed over 3 yr (N. A. Grogin et al. 2011), and yet only four
SNe were discovered at z> 2, with two spectroscopic and two
photometric host redshifts (S. A. Rodney et al. 2014). This z> 2
sample was classified entirely photometrically, one as Type Ia
(SN Ia; the thermonuclear explosion of a white dwarf) and three
as core-collapse (CC) Type II (SNe II) SNe (CCSNe; explosions
of dying massive stars of mass 8 Me). Additionally, the
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Cluster Lensing and Supernova Survey with Hubble (CLASH)
program performed 524 orbits over 25 cluster fields and parallel
fields to search for SNe (M. Postman et al. 2012). They
discovered 27 SNe in the nonlensed parallel fields, including 13
SNe Ia (O. Graur et al. 2014). Four of these SNe Ia were at
z> 1.2, but two of the redshifts were photometric host-galaxy
redshifts. Their highest-redshift SN was zphot= 1.68± 0.15, and
their sample was classified fully photometrically. Although this
was a significant step forward, it illustrates the challenges of not
only finding high-redshift SNe but also classifying them. As a
result, there still exist substantial uncertainties associated with
using SNe Ia as high-redshift probes for dark energy (D. Brout
et al. 2022) and with using CCSN rates at z> 1.5 to constrain
the initial mass function (IMF) and cosmic star formation rate
density (L.-G. Strolger et al. 2015).

While there are many studies of high-redshift transients
using ground-based telescopes (J. Cooke et al. 2012; Y. C. Pan
et al. 2017; M. Smith et al. 2018; C. Curtin et al. 2019;
T. J. Moriya et al. 2019) and using HST (N. A. Grogin et al.
2011; M. Postman et al. 2012; O. Graur et al. 2014;
S. A. Rodney et al. 2014; R. O’Brien et al. 2024), the
landscape of the high-redshift transient Universe is changing
dramatically because of James Webb Space Telescope (JWST;
e.g., H. Yan et al. 2023a; B. L. Frye et al. 2024; J. D. R. Pierel
et al. 2024a). The unprecedented depth and spatial resolution of
JWST Near-Infrared Camera (NIRCam) images have increased
our efficiency for finding faint and distant transient sources
considerably, which allows us to conduct a much more
complete census of transients at high redshift.

The Great Observatories Origins Deep Survey (GOODS;
e.g., M. Giavalisco et al. 2004) includes the most well-studied
blank fields for many telescopes (HST, Spitzer, Herschel, etc.),
motivating follow-up observations with JWST. During Sep-
tember–October of 2022 and 2023, the JWST Advanced Deep
Extragalactic Survey (JADES; D. J. Eisenstein et al. 2023)
obtained ∼230 hr of deep NIRCam images over part of the
CANDELS GOODS-South (GOODS-S) field containing the
Hubble Ultra Deep Field (HUDF). This area, called the JADES
Deep field, covers an area of ∼25 arcmin2, and has been
imaged with seven wide-band and two medium-band filters.
We used this extensive NIRCam imaging data set to search for
transients by differencing the 2022 and 2023 data, thereby
creating the JADES Transient Survey.

Even with the 2022 data alone, it was possible to identify a
significant number of transient sources by comparing with the
deep HST images from the Hubble Legacy Fields (HLF).22 For
example, eight transients were discovered in the GOODS-S
field, likely SNe at z= 0.665–1.764 (C. DeCoursey et al.
2023a), and 17 were discovered in the GOODS-North field,
likely SNe at z= 0.520–2.325 (C. DeCoursey et al. 2023b).
With the 2023 data becoming available, the number of transient
detections increased to ∼40 per epoch, with zmedian∼ 2 and
containing multiple z> 3 candidates. We therefore submitted a
Director’s Discretionary Time (DDT) proposal (Program ID, or
PID, 6541; PI: Egami; 18 hr) to follow up a subset of these SN
candidates with two additional NIRCam imaging epochs and
Near-Infrared Spectrograph (NIRSpec) microshutter assembly
(MSA) spectroscopy. This paper includes the analysis of these
follow-up DDT data, presenting multiepoch light curves and
attempting to classify the SN types via light-curve fitting. The

spectroscopy results will be presented in E. Egami et al. (2024,
in preparation).
While the JADES Transient Survey is the deepest systematic

transient survey of its kind and represents significant progress
in transient science, the overarching motivator for the JADES
program is discovering the earliest galaxies. The large number
of filters available with the JADES NIRCam data allows
excellent sampling of galactic spectral energy distributions
(SEDs), producing highly reliable photometric redshifts
(K. N. Hainline et al. 2024). Transient SEDs, however, can
mimic high-redshift galaxy SEDs when they have only long-
wavelength (LW) emission. Therefore, we also describe the
importance of multiple imaging epochs in high-redshift galaxy
surveys to reduce transient contamination through two
examples in our sample.
This paper is organized as follows. In Section 2, we describe

the multiepoch NIRCam observations and detail the image
processing procedure. Section 3 outlines the transient/SN
selection criteria, provides an analysis of the discovery epoch
detection limit, describes point-spread function (PSF) photo-
metry measurement methods, and details host-galaxy subtrac-
tion. The results, which include an overview of the sample and
its various properties, are presented in Section 4. We also
highlight the z� 4 SN candidates as well as two z∼ 16 galaxy
candidates from the first imaging epoch that were actually
fading transients. Section 5 details our attempt to classify the
SNe as SN Ia, II, or Ibc via light-curve fitting, and briefly lists
out the non-SN transients that we discovered. It also analyses
possible implications of an overestimation of high-redshift
galaxy abundance due to transient contamination in single-
epoch high-redshift galaxy surveys. Lastly, in Section 6, we
summarize the paper and highlight the main takeaways.
Throughout this paper, we express magnitudes using the AB

system (J. B. Oke & J. E. Gunn 1983) and adopt a flat Lambda
cold dark matter (ΛCDM) cosmology with the following
parameters: H0= 70 km s−1 Mpc−1, Ωtot= 1.0, ΩΛ= 0.7, and
Ωm= 0.3.

2. Observations and Data Processing

2.1. The JADES Deep Survey

The JADES NIRCam Deep Prime field located in GOODS-S
(hereafter JADES Deep) was observed through the JADES
program (PID: 1180; PI: Eisenstein). The JADES observing
strategy is described fully in D. J. Eisenstein et al. (2023). We
conducted two epochs of nine-band JWST/NIRCam imaging
in the JADES Deep Field, separated by 1 yr, with similar
observing configurations. Each epoch included four wide-band
short-wavelength (SW) photometric filters (F090W, F115W,
F150W, and F200W), three wide-band LW photometric filters
(F277W, F356W, and F444W), and two medium-band LW
photometric filters (F335M and F410M).
The first epoch (hereafter Epoch1) was taken UT 2022

September 29–October 5, and the second epoch (hereafter
Epoch2) was taken UT 2023 September 28–October 3. The
Epoch1 and Epoch2 program information is summarized in
Table 1. The Epoch1 data have been publicly released and are
described in detail by M. J. Rieke et al. (2023). They cover an area
of ∼25 arcmin2 with an exposure time of at least 3.4 hr pixel−1,
achieving a 5σ depth of ∼29.5–30 mag. The coverage is
significantly deeper for areas where the dither/mosaic patterns
overlap (>6.5 hr over at least 17 arcmin2, >9.7 hr over at least22 https://archive.stsci.edu/prepds/hlf
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6.3 arcmin2). The deepest coverage achieves an exposure time of
∼17 hr, with the F115W filter over at least 6.7 arcmin2. With the
Epoch2 data, this coverage has doubled. We list the Epoch1 and
Epoch2 filters, readout pattern, groups, dithers, and exposure
times in Table 2.

There was an additional single-pointing nine-band JWST/
NIRCam observation (Obs219) taken on UT 2023 November
15 that covered the southern portion of the JADES Deep Field
(hereafter referred to as Epoch3). This was the reexecution of
the failed Observation 19 of PID 1180, which fortuitously
provided an extra epoch for some of the transient sources. The
same nine NIRCam bands were used as in Epoch1 and Epoch2,
but since Obs219 is part of the NIRCam Medium Prime survey,
the depth is shallower. Also, some observing parameters were
slightly changed from those of Obs 19. The Epoch3 program
information is listed in Table 1 and the Epoch3 observing
parameters are listed in Table 2.

Similarly, three more single-pointing observations were
carried out on 2024 January 1 as the reexecution of the failed
Observations 20 and 23, now named Obs220/222 and Obs223,
respectively. Obs220/222, which we refer to as Epoch5.1,
uses only a single SW and LW filter, F200W and F277W,
respectively. Obs223, which we refer to as Epoch5.3, uses the
same nine NIRCam filters as Epoch1 and Epoch2 but with
shallower depths and slightly different observing parameters.
The Epoch5.1 and Epoch5.3 program information and obser-
ving parameters are listed in Tables 1 and 2, respectively.

The JADES Deep footprint (Epoch1 and Epoch2) as well as
those of Obs219 (Epoch3), Obs220/222 (Epoch5.1), and
Obs223 (Epoch5.3) are shown in Figure 1.

2.2. Director’s Discretionary Time Follow-up Observations

We conducted additional follow-up JWST/NIRCam obser-
vations of the JADES Deep Field through DDT Program ID
6541 (PI: Egami). The V3 position angle (PA) was selected
according to the available scheduling windows. For each
epoch, two pointings, connected with an interruptible sequence,
were carefully designed to cover as many high-priority
transient candidates as possible (e.g., those at high redshift or
exhibiting significant brightening).
Program 6541 epoch 1, taken on UT 2023 November 28

(hereafter referred to as Epoch4; V3PA= 14°), used the
NIRCam filters F115W, F150W, F200W, F277W, F356W,
and F444W with the SHALLOW4 readout pattern with eight
groups and three standard subpixel dithers. The exposure time
was 21 minutes filter–1, achieving a 5σ depth of ∼27.9–28.6 mag.
To maximize the area of uniform depth, no primary dither was
used, but this also leaves gaps between the SW detectors.
Therefore, the NIRCam pointings were carefully adjusted to ensure
that no high-priority transient targets would fall in these gaps.
Program 6541 epoch 2, taken on UT 2024 January 1

(hereafter referred to as Epoch5.2; V3PA= 45.425°), used
NIRCam filters F150W, F200W, F277W, F356W, and F444W.
The same exposure parameters were used except for F200W.

Table 1
Log of NIRCam Observations

Epoch Program PID Observation Date Reference

1 JADES Deep 1180 7, 10, 11, 15, 17, 18 2022-09-29–2022-10-05 (1), (2)
2 JADES Deep 1180 8, 9, 12, 13, 14, 16 2023-09-28–2023-10-03 (1)
3 JADES Medium 1180 219 2023-11-15 (1)
4 DDT Follow-up 6541 2, 3 2023-11-28 This work
5.1 JADES Medium 1180 220, 222 2024-01-01 (1)
5.2 DDT Follow-up 6541 4, 5 2024-01-01 This work
5.3 JADES Medium 1180 223 2024-01-01 (1)

References. (1) D. J. Eisenstein et al. (2023); (2) M. J. Rieke et al. (2023).

Table 2
NIRCam Observing Parameters

Epoch Filters Readout Pattern Groups Dithers Exp. Time
(hr filter–1)

1 F090W F115W F150W F200W F277W F335M F356W F410M F444W DEEP8 7 9 3.4

2 F090W F115W F150W F200W F277W F335M F356W F410M F444W DEEP8 7 9 3.4

3 F090W F115W(x2) F150W F335M F356W F410M F444W DEEP8 5 6 1.6
F200W F277W MEDIUM8 8 6 1.4

4 F115W F150W F200W F277W F356W F444W SHALLOW4 8 3 0.35

5.1 F200W F277W MEDIUM8 8 6 1.4

5.2 F150W F200W(x2) F277W F356W F444W SHALLOW4 8 3 0.35

5.3 F090W F115W(x2) F150W F335M F356W F410M F444W DEEP8 5 6 1.6
F200W F277W MEDIUM8 8 6 1.4

Note. Filters with (x2) next to them have double the exposure time listed.
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Since many of the transients became undetectable in the
F115W images of the Epoch4 data, the F115W observation
was changed to that of F200W, doubling the exposure time
with this filter (42 minutes). The V3PA was set to that of the
accompanying NIRSpec/MSA observation. Epoch4 and 5.2

are separated by 34 days, which corresponds to ∼11 days in the
rest frame at z= 2 and ∼7 days at z= 4, allowing a good
sampling of the light curves of high-redshift transients.
The Epoch4 and Epoch5.2 program information and

observing parameters are summarized in Tables 1 and 2,

Figure 1. Footprints of the JADES Deep/Medium surveys (PID 1180) and DDT follow-up program (PID 6541) providing multiepoch NIRCam imaging data of the
GOODS-S field as listed in Table 1. The locations of the SN candidates detected in the JADES Deep 2022 and 2023 data are marked with the blue and red solid
circles, respectively, with their ID numbers listed in Table 4. The actual boundary of each footprint is more irregular due to dithering, so the coverage of sources close
to the footprint boundaries needs to be checked against the real data.
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respectively, and the footprints of these DDT NIRCam imaging
observations are shown in Figure 1. As part of DDT program
6541, we also obtained NIRSpec spectra of a subsample of the
transients and their hosts. E. Egami et al. (2024, in preparation)
will describe these spectra.

2.3. Data Processing

The step-by-step NIRCam data processing procedure for the
2022 JADES Deep data was presented by M. J. Rieke et al.
(2023). The 2023 JADES Deep data, as well as those obtained
by the DDT follow-up program, were processed in a similar
way. A detailed description of the NIRCam imaging data
reduction process will be presented in S. Tacchella et al. (2024,
in preparation). We note that the final mosaic images were
produced with a pixel scale of 0 03 pixel−1 for both SW and
LW images, meaning that the pixel scale of the LW images is
approximately half of the native value, which is 0 06 pixel−1.
These images are used for transient detections as described in
Section 3. However, because LW images are oversampled by a
factor of 2 with respect to the native pixel scale, photometry in
LW bands would be heavily affected by correlated noise of
pixels. Therefore, we also produced LW mosaic images with a
pixel scale of 0 06 pixel−1 for PSF photometry (Section 3.5).

We generated difference images by subtracting the Epoch1
images from the Epochs 2–5.3 images in each respective
overlapping filter. For the Epoch2 – Epoch1 subtraction, the
observing setup and observatory PA were very similar (i.e., the
PSFs in the mosaics were effectively the same). The Epoch1
and Epoch2 images were projected onto the same pixel grid, so
we were simply able to subtract the Epoch1 images from the
Epoch2 images to get PSF-matched, pixel-registered difference
images. For the follow-up images (Epochs3–5.3), the PA was
different from the Epoch1 images. So, while the mosaics were
still projected onto the same pixel grid, the PSF was rotated in
those images with respect to the Epoch1 data. This has
deteriorated host-galaxy subtraction, but note that these
difference images were used only for photometry and not for
transient detection, which utilized the Epoch1 and 2 difference
images alone. The effect on photometry is limited because it is
based on PSF fitting (using the PSF of the corresponding
epoch).

3. Transient Detection

To detect transients, we searched through the seven NIRCam
wide-band Epoch2 – Epoch1 difference images. We did not
include the medium bands (F335M and F410M) in our
transient search to reduce redundancy, as the medium-band
images are shallower than the wide-band images at similar
wavelength. A set of selection criteria was used to auto-
matically generate the preliminary transient samples. We
performed this selection analysis on the Epoch2 – Epoch1
difference images as well as the inverted difference images to
find both brightening and fading transients, respectively. The
criteria aimed to eliminate noise spikes and diffraction spikes
that mimicked detections while retaining as many real sources
as possible to reduce the visual inspection load. After some
fine-tuning, the adopted criteria were found to produce a robust
sample of transients while minimizing the loss of potentially
real but marginal detections. The effects of the selection criteria
on the sample completeness will be explored in a subsequent
SN rates paper based on the JADES Deep transient sample. We

discuss the detection efficiency in Section 3.4, but this only
analyses the limiting magnitudes of the difference images, not
the effects that the selection criteria have on the final sample.

3.1. Source Detection

The first source detection step involved running DAOStar-
Finder on the seven wide-band 30 mas pixel−1 SW and LW
Epoch2 – Epoch1 (Epoch1 – Epoch2) difference images to search
for brightening (fading) point-like sources (P. B. Stetson 1987;
L. Bradley et al. 2024). Transient type (SN II, SN Ia, variable
active galactic nuclei, AGN, etc.) and phase as well as physical
conditions of the transient’s environment (e.g., dustiness) affect
the transient’s wavelength of peak emission, so searching all
seven wide bands allowed us to find the widest variety of
transients. Using multiband detections with both the SW and LW
detectors also helped reduce the false event rate. We performed
the following selection analysis independently on each filter’s
difference images, merging the final recovered source catalogs at
the end.
The fwhm parameter was set to the approximate FWHM of

the detection image, which was∼3 pixels (0 09) for SW images
and ∼4 pixels (0 12) for resampled LW images. We estimated
the background noise of the difference images as the standard
deviation returned from astropy sigma_clipped_stats
with sigma= 3.0. The DAOStarFinder threshold para-
meter was set as 4 times the background for F090W, F115W,
F150W, F200W, and F277W, whereas it was set to 3 times the
background for F356W and F444W. Lower thresholds were
required for F356W and F444W to reach similar completeness
as with the shorter-wavelength filters (see Section 3.4). We
chose not to constrain the sharpness parameter, as bright
transients that are surrounded by subtraction artifacts in the
difference images can have a wide variety of sharpness
values. The roundness parameter was inclusively constrained
between –0.60 and 0.60 for each filter, and the image border
(within one PSF size from an edge) was excluded from the
search.
After generating the initial sample with DAOStarFinder,

the next step involved eliminating sources that appeared in the
difference image due to a lack of overlap between the Epoch1
and Epoch2 science images. If either the Epoch1 or Epoch2
science image contained no data within 0 2 of the detected
source position, the source was eliminated from the sample.

3.2. Transient Selection Algorithm

After finding sources with DAOStarFinder and removing
detections in the nonoverlapping regions of Epoch1 and
Epoch2, additional sample cuts were based on the sources’
signal-to-noise ratios (S/N) in the difference images, with S/N
defined as the ratio of measured flux to flux uncertainty. Flux
and flux uncertainty were measured via aperture photometry
using an r= 0 1 circular aperture with a sky annulus of
r= 0 1–0 2. Aperture corrections were derived with the
effective PSFs built by Z. Ji et al. (2024) and are listed in
Table 3. We applied additional corrections to account for local
background oversubtraction due to the source flux spilled over
into the sky annulus as listed in Table 3. We determined these
factors by injecting a mock PSF onto an empty array (i.e., with
no background), performing aperture photometry as described
above, and calculating the ratio of the measured flux to known
flux of the injected mock PSF.
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We adopted the following criteria to select transient sources:

1. S/N� 5 in at least one band;
2. S/N� 3 in at least two bands; and
3. Seven-band S/N� 14.

Transients had to satisfy all three requirements to be
selected. Seven-band S/N was calculated as the inverse-
variance weighted flux average, f̂ divided by the square root of
the flux variance, Var( f̂ ):
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where f was the source flux, σ was the flux uncertainty, and the
sum was performed over the seven NIRCam wide bands. This
seven-band inverse-variance-weighted S/N requirement
roughly translates to requiring an average S/N of ∼5 in each
of the seven bands. However, we placed a lower limit of
S/N= 1 for each element of the seven-band S/N calculation to
remove unphysical S/N values. These selection criteria were
carefully designed such that they would recover the majority of
transients that were found with a preliminary but thorough
difference image visual inspection.

These criteria reduced the potential sample to an order of
hundreds of sources for each detection image. Each of these
sources was visually inspected in multiple difference images
and in both the Epoch1 and Epoch2 science images to
determine if it should be included in the final transient sample.

After visually inspecting the sample to remove noise spikes
and subtraction artifacts, we found 38 transients brightening
and 50 transients fading from Epoch1 to Epoch2.

3.3. Supernova Selection

To further isolate a sample of SNe, we applied additional
criteria to remove sources whose behavior are not consistent
with that of SNe. Common contaminants are compact variable
sources such as AGN. The sample could also be contaminated
by other types of transients such as gamma-ray burst afterglows
and tidal disruption events (TDEs). The removal criteria
included the following:

1. If a transient that faded from Epoch1 to Epoch2
brightened again in each filter in the follow-up epochs,
it was removed from the SN sample.

2. If a transient that brightened from Epoch1 to Epoch2
faded below its Epoch1 brightness in each filter in the
follow-up epochs, it was removed from the SN sample.

3. AGN removal: for all the transients that are not clearly
offset from the host-galaxy nucleus, we have cross-
matched our transient sources with previously published
AGN catalogs (J. Lyu et al. 2022, 2024) and removed any
AGN candidates. These previous AGN catalogs were
based on an extensive search with the deepest X-ray to
radio data, including the recent JWST/MIRI observations
in GOODS-S. In addition, we conducted SED analysis to
search for AGN evidence with the same fitting package in
J. Lyu et al. (2024) and removed any AGN candidates. In
total, we identified and removed seven AGN candidates.

4. If a source’s host SED did not show signs of AGN
activity but the source exhibited variability directly
coinciding with its host’s galactic nucleus such that there
was no evidence of a point source appearing or
disappearing, it was removed from the SN sample.

After applying these criteria, we removed nine transients,
leaving us with 34 SN candidates that brightened from Epoch1
to Epoch2 (JADES-SN-23 sample) and 45 SN candidates that
faded from Epoch1 to Epoch2 (JADES-SN-22 sample) in our
SN sample, making a total of 79 SN candidates. The nine
removed variable sources include seven likely variable AGN,
one likely star, and one source of unknown type (potential
TDE). See Section 5.2 for additional details about these non-
SN variable sources. These criteria do not guarantee that our
SN sample is free of contaminants. However, we will assume
that these 79 transients are SNe because they appear as point-
like variable sources offset from their respective host galaxies’
cores.
There are four additional candidates which are likely real

SNe, but they have seven-band S/N� 12, which does not meet
the S/N� 14 requirement. These are not included in the
statistical sample of 79 SNe (the combined JADES-SN-23 and
JADES-SN-22 samples). Requiring seven-band S/N� 12
rather than 14 for the selection criteria would have roughly
doubled the visual inspection load for each filter, which was on
the order of hundreds of sources per filter with S/N� 14. We
chose to implement the seven-band S/N� 14 requirement to
reduce visual inspection load and reduce the likelihood of
contaminants in the sample. See Section 4.2 for additional
details regarding these marginally detected SN candidates.
We refer to each transient with its International Astronomical

Union (IAU) ID issued by the Transient Name Server (TNS).23

We assign the DAOStarFinder position as the SN positions.
Refer to Table 4 for the JADES-SN-23 and JADES-SN-22 IAU
IDs and positions. The discovery of these transient sources was
also reported in C. DeCoursey et al. (2024) and C. DeCoursey
et al. (2023a).

Table 3
Corrections for Photometry Aperture and Sky Oversubtraction

F090W F115W F150W F200W F277W F335M F356W F410M F444W

Aperture (r = 0.″1) 1.356 1.312 1.318 1.392 1.656 1.778 1.822 1.974 2.067
Sky oversubtraction (rsky = 0.″1–0.″2) 1.024 1.025 1.025 1.028 1.087 1.095 1.097 1.093 1.126

23 https://www.wis-tns.org
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3.4. Detection Limit and Completeness

While we defer the full analysis of the effects that our
selection criteria have on the sample completeness to a
forthcoming SN rates paper, we determined the limiting magnitude
to which we could recover sources in the JADES Deep Field via
mock source injection and recovery in the seven wide-band
Epoch2 –Epoch1 difference images. We artificially inserted mock
PSFs of known magnitude into a representative 1000× 1000 pixel
cutout from the Epoch2 science image at random locations,
subtracted the corresponding Epoch1 science image cutout, ran

DAOStarFinder on the difference image with the parameters
specified in Section 3.1, and crossmatched our recovered source
catalog to our input source catalog. The representative image cutout
contained large spiral galaxies to demonstrate that we may not
achieve 100% completeness even at bright magnitudes if an SN
event occurs near the galaxy center. The mock PSFs were
generated using the model PSFs from Z. Ji et al. (2024), which
were constructed specifically for JADES NIRCam products with
WebbPSF, with the EPSFModel normalization radius set to 0 3.
This was an iterative analysis, with 100 mock PSFs of the same

magnitude injected in each iteration. The injection magnitude

Table 4
JADES-SN-22 and JADES-SN-23 Positions

JADES-SN-23 ID R.A. Decl. JADES-SN-22 ID R.A. Decl.

AT 2023adss (1) 03:32:43.9212 −27:47:16.141 AT 2022aevg (1) 03:32:38.0488 −27:43:46.465
AT 2023adst (2) 03:32:32.2073 −27:48:59.148 AT 2022aevh (2) 03:32:44.8775 −27:46:32.302
AT 2023adsu (3) 03:32:33.7504 −27:46:44.413 AT 2022aevi (3) 03:32:41.3980 −27:48:49.472
AT 2023adsv (4) 03:32:39.4574 −27:50:19.666 AT 2022aevj (4) 03:32:43.3889 −27:46:26.931
AT 2023adsw (5) 03:32:27.3001 −27:48:39.309 AT 2022aevk (5) 03:32:48.1335 −27:47:05.745
AT 2023adsx (6) 03:32:40.8009 −27:46:05.984 AT 2022aevl (6) 03:32:29.4456 −27:46:40.672
AT 2023adsy (7) 03:32:32.3647 −27:49:15.238 AT 2022aevm (7) 03:32:42.5164 −27:45:51.810
AT 2023adsz (8) 03:32:34.9551 −27:48:36.682 AT 2022aevn (8) 03:32:36.9064 −27:49:30.377
AT 2023adta (9) 03:32:32.4679 −27:48:52.260 AT 2022aevo (9) 03:32:41.2737 −27:50:22.290
AT 2023adtb (10) 03:32:40.5844 −27:45:43.623 AT 2022aevp (10) 03:32:41.7927 −27:47:39.187
AT 2023adtc (11) 03:32:39.6793 −27:49:36.610 AT 2022aevq (11) 03:32:34.9004 −27:48:07.155
AT 2023adtd (12) 03:32:31.7072 −27:47:48.508 AT 2022aevr (12) 03:32:30.3166 −27:48:05.987
AT 2023adte (13) 03:32:45.1465 −27:45:53.137 AT 2022aevs (13) 03:32:26.6302 −27:48:01.875
AT 2023adtf (14) 03:32:38.8232 −27:49:21.980 AT 2022aevt (14) 03:32:31.0676 −27:47:58.311
AT 2023adtg (15) 03:32:46.3701 −27:44:55.788 AT 2022aevu (15) 03:32:32.3579 −27:46:30.298
AT 2023adth (16) 03:32:43.7610 −27:47:00.273 AT 2022aevv (16) 03:32:40.1239 −27:47:05.315
AT 2023adti (17) 03:32:34.0699 −27:48:39.324 AT 2022aevw (17) 03:32:28.8357 −27:47:55.947
AT 2023adtj (18) 03:32:38.9635 −27:44:20.649 AT 2022aevx (18) 03:32:34.9077 −27:44:55.563
AT 2023adtk (19) 03:32:35.8521 −27:47:19.044 AT 2022aevy (19) 03:32:44.4700 −27:47:05.847
AT 2023adtl (20) 03:32:45.1053 −27:45:34.511 AT 2022aevz (20) 03:32:37.6742 −27:45:22.492
AT 2023adtm (21) 03:32:40.2246 −27:49:49.492 AT 2022aewa (21) 03:32:38.9083 −27:50:03.993
AT 2023adtn (22) 03:32:51.1740 −27:45:29.209 AT 2022aewb (22) 03:32:35.3499 −27:48:37.706
AT 2023adto (23) 03:32:29.5180 −27:49:16.082 AT 2022aewc (23) 03:32:40.0216 −27:49:06.786
AT 2023adtp (24) 03:32:32.1851 −27:46:14.713 AT 2022aeiu (24) 03:32:46.0677 −27:47:04.425
AT 2023adtqa (25) 03:32:37.1747 −27:47:36.747 AT 2022aeis (25) 03:32:40.1875 −27:47:42.854
AT 2023adtr (26) 03:32:38.5328 −27:49:22.009 AT 2022aewd (26) 03:32:35.6305 −27:47:49.506
AT 2023adts (27) 03:32:39.2563 −27:45:47.900 AT 2022aeit (27) 03:32:43.8862 −27:46:34.074
AT 2023adtt (28) 03:32:37.2659 −27:50:08.804 AT 2022aewe (28) 03:32:37.2123 −27:44:59.852
AT 2023adtua (29) 03:32:32.3623 −27:47:20.556 AT 2022aewf (29) 03:32:37.1281 −27:49:41.317
AT 2023adtv (30) 03:32:37.6068 −27:48:38.101 AT 2022aewg (30) 03:32:44.7521 −27:48:12.124
AT 2023adtw (31) 03:32:43.4720 −27:46:34.402 AT 2022aewh (31) 03:32:31.3916 −27:47:14.250
AT 2023adtx (32) 03:32:49.0392 −27:45:19.375 AT 2022aewi (32) 03:32:47.5319 −27:47:49.588
AT 2023adty (33) 03:32:48.4163 −27:45:50.601 AT 2022aewj (33) 03:32:39.9484 −27:46:06.281
AT 2023adtz (34) 03:32:43.4088 −27:44:13.109 AT 2022aewk (34) 03:32:34.8200 −27:48:35.918
... ... ... AT 2022aewl (35) 03:32:52.3569 −27:45:54.418
... ... ... AT 2022aewm (36) 03:32:49.1404 −27:45:24.119
... ... ... AT 2022aeiv (37) 03:32:42.3032 −27:47:45.905
... ... ... AT 2022aewn (38) 03:32:32.9662 −27:45:48.419
... ... ... AT 2022aewo (39) 03:32:27.3916 −27:48:42.314
... ... ... AT 2022aewp (40) 03:32:35.3900 −27:49:20.832
... ... ... AT 2022aeiw (41) 03:32:37.5384 −27:48:39.412
... ... ... AT 2022aewq (42) 03:32:37.5417 −27:48:40.697
... ... ... AT 2022aewr (43) 03:32:32.3671 −27:48:45.832
... ... ... AT 2022aews (44) 03:32:30.4650 −27:47:27.694
... ... ... AT 2022aewt (45) 03:32:39.5341 −27:45:08.041
Marginal Detections
AT 2023adua (35) 03:32:29.3115 −27:48:26.467 AT 2022aewu (46) 03:32:38.7242 −27:44:13.485
AT 2023adub (36) 03:32:42.2813 −27:47:46.471 AT 2022aewv (47) 03:32:35.5612 −27:45:56.793

Notes. The ID numbers in parentheses indicate the Figure 1 IDs.
a Also discovered by M. J. Hayes et al. (2024) as 1402129 (AT 2023adtq) and 1402146 (AT 2023adtu).
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increased by 0.1 mag per iteration from 27 to 32 AB mag. The
mock source injection and recovery was performed 100 times for
each magnitude. Figure 2 shows the median recovery percentage
as a function of input PSF magnitude for each wide-band filter,
with the 16% and 84% confidence intervals shaded in. We
emphasize that the recovery percentages shown in Figure 2 are
upper limits, as we did not apply the full transient selection criteria
to the recovered sources. We simply recorded how many mock
sources were recovered by DAOStarFinder using the
parameters described in Section 3.1.

F115W (purple) and F150W (blue) probe the deepest, with a
50% recovery rate around 30.65 and 30.45 mag, respectively.
The SW bands and F277W recovery rate curves follow similar
shapes, dropping off sharply below ∼80% recovery around
29.7–30.2 AB mag and reaching ∼0% recovery around
31–31.7 AB mag. At magnitudes brighter than ∼30.2,
F356W (orange) and F444W (yellow) recover fewer sources
than the other filters, with F444W consistently recovering
fewer sources than F356W until it reaches an ∼100% recovery
rate above ∼28 AB mag.

3.5. Point-spread Function Photometry

We measured PSF photometry from the nine-band NIRCam
Epoch2 – Epoch1 and Epoch1 – Epoch2 native pixel scale
difference images. We adopt the PSF fitting method developed
in J. D. R. Pierel et al. (2024b) for measuring photometry on
Level 3 (i.e., drizzled mosaic) JWST images, because of the
need to create difference images on drizzled data for maximum
S/N and cosmic-ray rejection. Drizzled images are created from
individual dithered “CAL” exposures, and have been bias
subtracted, dark subtracted, flat-fielded, and corrected for
geometric distortions. Unlike J. D. R. Pierel et al. (2024b), we
have SN-free template images for all of our observations and so
we replace the generic drizzled images with the difference
images in all filters produced in Section 3.6. We then implement
the Level 3 PSF fitting routine from J. D. R. Pierel et al. (2024b)
using 5× 5 pixel cutouts. The routine uses Level 2 PSF models
from webbpsf that are temporally and spatially dependent and

include a correction to the infinite aperture flux,24 which are then
drizzled together to create a Level 3 PSF model. These total
fluxes, which are in units of megajansky per steradian, are
converted to AB magnitudes using the native pixel scale of
each image (0.″03 pixel–1 for SW, 0.″06 pixel–1 for LW).
Within Appendix A, refer to Tables 10 and 11, respectively,

for the JADES-SN-23 Epoch2 – Epoch1 and JADES-SN-22
Epoch1 – Epoch2 photometry. We display photometry for the
subset of SNe within Epochs3, 4, 5.1, 5.2, and 5.3 in Tables 12,
13, 14, 15, and 16, respectively, in Appendix A. To account for
the systematic zero-point uncertainty, we added 0.01 mag in
quadrature with the statistical uncertainty from the PSF
photometry measurement, and we added a 0.01 mag uncer-
tainty floor.
For nondetected sources, we report a 2σ upper limit. To

measure the detection limits with the difference images, we
selected a representative sky area (e.g., free from significant
residuals due to the subtraction of large bright galaxies) and
placed 2401 r= 0 1 circular apertures in a square grid pattern
of 49× 49 with 20 pixel steps. We then performed aperture
photometry with a sky annulus of r= 0 1–0 2 with the
aperture corrections listed in Table 3, and calculated the
standard deviation by fitting a Gaussian to the histogram of
the measured sky signals. Note that since the image differen-
cing removes nontransient sources, the resultant histogram is
symmetric toward the positive/negative directions.
There are a few cases where a source has disagreeing

Epoch5.1, 5.2, and 5.3 photometry for the same filter, which is
unlikely to reflect real changes in brightness because the
Epoch5.1, 5.2, and 5.3 images were all taken on the same day.
Rather, these disagreements arose from subtraction residuals
contaminating one of the epoch’s difference images or because
the source fell very close to the image edge in one of the
epochs. In these cases, we drop the data from the contaminated
epoch rather than attempt to improve the subtraction (as
described in Section 3.6) because there were noncontaminated
data from the same day with the same filters available. We
denote these cases with superscript “a” in Tables 14–16.
Additionally, note that AT 2022aewbʼs photometry in

Table 11 is measured from science images, as AT 2022aewb
exploded prior to the Epoch1 imaging and remains bright in the
Epoch2 and follow-up imaging. Photometry measured from the
difference images would underestimate AT 2022aewbʼs bright-
ness. AT 2022aewbʼs host is faint (see images in Appendix C)
and AT 2022aewb is offset from its host, so the host light is not
strongly contaminating the science image photometry. See
Section 5.1.5 for additional details about AT 2022aewbʼs likely
nature.

3.6. Host-galaxy Subtraction

Visual inspection of individual sources in the difference
images showed that the subtraction of SN host galaxies
sometimes left a significant residual, affecting the resultant
photometry. A closer examination indicates that the registration
of the 2023 and 2022 JADES Deep images can be off by up to
∼0.5 pixels (=0 015) at places, possibly suggesting insuffi-
cient accuracy of astrometric calibration for part of the data set.
For those sources that suffer from poor host-galaxy subtrac-

tion, we improved the subtraction as follows: (1) cut out a
section of 601× 601 pixels (i.e., ±300 pixels; 0.″03 pixel−1)

Figure 2. Maximum possible recovery percentage (i.e., without the full
transient selection criteria applied) as a function of mock PSF input magnitude
for the seven wide-band Epoch2 – Epoch1 difference images. This is based on
an iterative PSF injection and recovery scheme ranging from 27 to 32 mag. The
detection threshold was set to 3σ for F356W and F444W and 4σ for the rest as
described in Section 3.1.

24 https://webbpsf.readthedocs.io
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around the SN from the 2022 and 2023 images of each filter, (2)
resample each pixel by 8× 8 rebinning with bilinear interpola-
tion, (3) apply integer shifts to the reference (i.e., SN-free)
images in a 9× 9 grid of the resampled one-eighth-scale pixels
(i.e., up to ±0.5 original pixel= 0 015 in both x- and
y-directions), (4) subtract the shifted reference images from the
target image, and (5) box average 8× 8 pixels in the resultant
difference images, bringing them back to the original pixel scale
of 0.″03 pixel−1. We visually inspected the residual for the 9× 9
host-subtracted images and selected the one with the cleanest
subtraction. The quality of the subtraction is fairly stable among
the groups of SW and LW images, respectively, but not
necessarily between SW and LW images. Therefore, we
identified the best offsets for the SW and LW images separately,
using F200W and F356W images. We then measured nine-band
PSF photometry in these local difference images with the
cleanest subtraction.

Note that AT 2023adtm, AT 2023adtw, and AT 2023adub
are positioned near the centers of large spiral galaxies. Despite
performing refined host subtractions, they still suffer from
residual host contamination in the follow-up epoch difference
images because of the change in PA. (In comparison, the
Epoch2− Epoch1 difference images are free of contamina-
tion.) Their follow-up epoch PSF photometry, shown in
Tables 12, 13, 14, 15, and 16, is likely overestimated.

4. Results

4.1. The JADES Supernova Sample

We have identified a total of 79 SNe in the JADES Deep
Field data, consisting of 34 SNe that brightened from Epoch1

to Epoch2 (JADES-SN-23 sample) and 45 SNe that faded from
Epoch1 to Epoch2 (JADES-SN-22 sample). There are two
additional marginally detected SNe in each sample that do not
meet the seven-band S/N� 14 requirement and are not
included in the statistical JADES-SN-22 or JADES-SN-23
samples (see Section 4.2). The IAU IDs and positions of the
JADES-SN-23 and JADES-SN-22 sources are listed in Table 4,
and Figure 1 shows each SN’s position in the JADES Deep
footprint.
In Appendices B and C, we show 30 mas scale stamp images

in a variety of NIRCam filters for each source in the JADES-SN-
23 and JADES-SN-22 samples, respectively. For each source,
we show three single-filter images and the respective three-color
image for Epoch1, Epoch2, and the Epoch2 – Epoch1 (or
Epoch1 – Epoch2) difference images. The checker-pattern
residuals that appear in some of the LW difference images arise
from the subtraction of resampled science images.
In this section, we highlight one SN that demonstrates the

power of JWST as a high-redshift SN survey tool. AT 2022aevj,
which belongs to host galaxy JADES-GS+53.18086-27.77420,
is one of the highest-redshift sources in the JADES-SN-22
sample, with zspec= 4.471 (H. Inami et al. 2017). Figure 3 shows
the F115W, F200W, and F356W Epoch1 and Epoch2 NIRCam
images of AT 2022aevj as well as their respective difference
images and red, green, and blue (RGB) images. There is clearly
point-like emission in the Epoch1 F356W image at the location
of AT 2022aevj that has faded entirely in the F356W Epoch2
image. Positive emission (yellow) is clearly seen in the F356W
difference image at AT 2022aevjʼs position, although the signal
is as faint as mF356W= 29.73± 0.14, which only JWST has the
power to detect. There is no robust emission in the difference

Figure 3. Images of AT 2022aevj, which belongs to host galaxy JADES-GS+53.18086-27.77420. Top: the Epoch2 F115W, F200W, and F356W NIRCam images
that show the lack of emission from AT 2022aevj to the upper right of its host because it has faded from Epoch1 to Epoch2. The rightmost panel shows the F356W,
F200W, and F115W Epoch2 RGB image. Middle: the Epoch1 F115W, F200W, and F356W NIRCam images (and F356W, F200W, and F115W RGB image) of AT
2022aevj. The F356W image shows the emission from AT 2022aevj to the upper right of its zspec = 4.471 host (H. Inami et al. 2017). Bottom: the Epoch1 – Epoch2
F115W, F200W, and F356W difference images (and F356W, F200W, and F115W RGB difference image) showing AT 2022aevjʼs change in brightness. It is clear
that there is emission in the F356W difference image, but it is incredibly faint. This is a striking example of JWST’s power to detect faint, high-redshift SNe.
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images at wavelengths shorter than F277W (see Table 11),
which is an additional indicator of its high-redshift nature
because the SN emission has been redshifted away from shorter
wavelengths.

Both the JADES-SN-22 and JADES-SN-23 samples contain
multiple z> 4 SNe, representing a new frontier for SN science.

We note that M. J. Hayes et al. (2024) previously published
the discovery of two of the JADES-SN-23 SNe. As marked in
Table 4, AT 2023adtq appears in their paper as 1402129 and
AT 2023adtu appears as 1402146.

4.2. Marginal Detections

Two marginally detected SN candidates were found in the
Epoch2 – Epoch1 difference images (AT 2023adua and AT
2023adub) and two more were found in the Epoch1 – Epoch2
difference images (AT 2022aewu and AT 2022aewv). See
Section 3.3 for a description of why these candidates are not
included in the JADES-SN-22 and JADES-SN-23 samples.
These sources are listed in the position table (Table 4), redshift
tables (Tables 5 and 6), and photometry tables (Tables 10, 11,
12, 13, 14, 15, and 16) but are separated from the JADES-SN-
22 and JADES-SN-23 samples.

We highlight one of the interesting marginal detections, AT
2023adub, to show JWST’s ability to find SNe relative to HST.
AT 2023adub, shown by the red crosshairs in Figure 4, is
located at (03:32:42.2813, −27:47:46.471) and its host galaxy
JADES-GS+53.17622-27.79620 has zspec= 0.9961 (O. Le
Fèvre et al. 2013). While its redshift is relatively modest, AT
2023adub is interesting because it lies near the center of a dusty

luminous infrared galaxy with log(Le)≈ 11.35 (M. Florian
et al. 2024, in preparation). There is a population of dust-
obscured SNe that creates large uncertainties in CCSN rate
estimates because dust obscuration makes them difficult to
discover (E. C. Kool et al. 2018). AT 2023adub lies in such a
crowded, dusty region and is relatively faint, peaking at just
mF200W= 28.27± 0.09, making it inaccessible to telescopes
other than JWST.
In the difference images in the bottom panel of Figure 4, AT

2023adub appears as the central yellow dot (the other yellow
dot to its left is a subtraction artifact from the galaxy center).
We know that AT 2023adubʼs emission is not a subtraction
artifact because there is clearly a point source present in the
Epoch2 F115W, F150W, and F200W images (Figure 4, top
panel) that is not present in the Epoch1 F115W, F150W, and
F200W images (Figure 4, middle panel). Note that AT
2023adubʼs Epoch5.1 and Epoch5.2 LW photometry measure-
ments are dropped from Tables 14 and 15, respectively, due to
contaminating subtraction residuals.
The large blue dot to the upper left of AT 2023adubʼs

emission in the Figure 4 difference images is the negative
difference emission from AT 2022aeiv (indicated by blue
crosshairs), an SN that exploded prior to Epoch1 imaging and
faded significantly in the year between the Epoch1 and Epoch2
imaging. In the Epoch1 – Epoch2 difference image, AT
2022aeiv peaks in F150W at 26.13± 0.02 mag, making it
bright enough for HST detection. This transient was reported
by the JADES team in 2023 on TNS (C. DeCoursey et al.
2023a).

Figure 4. SW images of AT 2023adub (indicated by red crosshairs) and AT 2022aeiv (indicated by blue crosshairs), which both belong in host galaxy JADES-GS
+53.17622-27.79620. Top: the Epoch2 F115W, F150W, and F200W NIRCam images that show the emission from AT 2023adub near the center of the galaxy and
faint emission from fading AT 2022aeiv to the upper left of the galactic center. Middle: the Epoch1 F115W, F150W, and F200W NIRCam images that show an
absence of emission from AT 2023adub because it had not yet exploded, and that show bright emission from AT 2022aeiv north of the galaxy center. Bottom: the
Epoch2 – Epoch1 F115W, F150W, and F200W difference images showing positive emission (yellow) in the center from AT 2023adub and negative emission (blue)
north of the center from AT 2022aeiv. Note that the positive emission to the left of AT 2023adub is a subtraction artifact from the galactic center. We know that AT
2023adub is not a subtraction artifact because there is point-like emission in the Epoch2 images at AT 2023adubʼs position that is not present in the Epoch1 images.
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We compare AT 2023adub and AT 2022aeiv because,
within one galaxy, they highlight the vast improvement in
detection threshold that JWST has over HST. HST was limited
to relatively bright SNe that exploded away from the galactic
centers, whereas JWST has the capacity to detect SNe that are
multiple magnitudes fainter and in dustier regions closer to
galactic centers.

4.3. Supernova Spectral Energy Distributions

We constructed SEDs for each SN, with multiepoch SEDs
shown for the JADES-SN-2023 sources that fell within the
follow-up observations. Refer to Appendices B and C for the
SEDs for each of the JADES-SN-23 and JADES-SN-22
sources, respectively.

Here, we highlight the multiepoch SED of AT 2023adta
(host zspec= 2.83), which exhibited significant brightening
between Epoch2 and Epoch3 (Figure 5). AT 2023adta was
relatively faint in Epoch2 but brightened significantly in
Epoch3, indicating that it was near its peak 43.81 observer-
frame days after Epoch2. The Epoch3 SED peaks around 2 μm
(observer frame), which would be ∼0.5 μm in the rest frame
assuming z= 2.83. In Epoch4, 56.56 days after Epoch2, AT
2023adta still appears to be near peak. AT 2023adta starts to
fade in Epoch5.2 (90.67 days after Epoch2) and Epoch5.3

(91.41 days after Epoch2), and the SED peak shifts toward
longer wavelength. We do not display Epoch5.1 because it
only covers F200W and F277W. See Section 5.1.2 for details
regarding the light-curve fitting and classification of AT
2023adta, and refer to M. R. Siebert et al. (2024) for a
complete analysis of AT 2023adta.

4.4. Host-galaxy Assignment

In estimating SN redshifts, we assigned the host galaxy
based on a “directional light radius” (DLR) analysis
(R. R. Gupta et al. 2016). We calculated the ratio of the
galaxy light radius to the distance between the host center and
SN for each galaxy within 3″ of the SN. The galaxy with the
lowest ratio was assigned as the host. This method is more
robust than simply assigning the closest galaxy as the host, as
an SN may be within the light radius of a large spiral galaxy
(the likely host) but still be physically closer to a much more
compact galaxy that is not likely the host. In this case, the DLR
method would assign the large spiral galaxy as the host.
We used two galaxy catalogs internal to the JADES

collaboration to assign hosts, one of which was produced in
2023 March and the other produced in 2023 August. The main
differences between the two catalogs are that the 2023 August
catalog has a more complex detection algorithm designed to
recover fainter and more compact sources, and it further
deblends large objects with high-pass filtering to search for
satellite objects in their exteriors. Host-galaxy positions were
obtained primarily from the 2023 August catalog, but we also
referred to the 2023 March catalog if the segmentation mapping
in the 2023 August catalog had not properly deblended the host
galaxy from neighboring galaxies.
We list the JADES IDs of the assigned hosts for the JADES-

SN-23 and JADES-SN-22 sources in Tables 5 and 6,
respectively. We also list the JADES FitsMap IDs, which
come from the public JADES Data Release 2 (DR2) catalog
available on MAST,25 and can be searched using the JADES
FitsMap viewer.26 Some sources are missing FitsMap IDs
because the public DR2 version of the JADES catalog either
does not include the assigned host because it is too close to a
diffraction spike or because the segmentation scheme for the
public catalog blends the assigned host with another nearby
galaxy.

4.5. Host-galaxy Redshifts

We show the redshifts for the JADES-SN-23 and JADES-SN-
22 samples in Tables 5 and 6, respectively. Out of our sample of
79 SNe, 47 have hosts with spectroscopic redshifts (∼59% of the
sample). For the SN hosts without spectroscopic redshifts, we
have adopted the latest JADES photometric redshifts available
within the JADES collaboration (K. N. Hainline 2024, in private
communication), which were derived using the galaxy SED-
fitting code EAZY (G. B. Brammer et al. 2008; K. N. Hainline
et al. 2024) with photometry measured from the Epoch1 mosaic.
We have also calculated the 16% and 84% redshift error bounds
to indicate the reliability of the photometric redshift (see
Section 4.5.1 for more details).
Note that three SNe could not be assigned redshifts: AT

2023adtz, AT 2022aewt, and AT 2022aews. AT 2022aewt has

Figure 5. Multiepoch SED of AT 2023adta, Type Ic broad-line (Ic-BL) SN at
z = 2.83 (M. R. Siebert et al. 2024) in host galaxy JADES-GS+53.13533-
27.81457. The x-axis is observer-frame wavelength, the y-axis is the difference
image (EpochX – Epoch1) flux density in units of nanojansky, and SEDs are
colored by observer-frame days since Epoch2 observations. AT 2023adta is
relatively faint in Epoch2 (green) but reaches near peak in Epoch3 (cyan; 43.81
days after Epoch2). It remains near peak in Epoch4 (light blue; 56.56 days after
Epoch2), and is postpeak in Epoch5.2 (dark blue; 90.67 days after Epoch2) and
Epoch5.3 (purple; 91.41 days after Epoch2). The SED peak shifts to longer
wavelength with time.

25 https://archive.stsci.edu/hlsp/jades
26 https://jades-survey.github.io/viewer/
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Table 5
JADES-SN-23 Host IDs and Redshifts

ID JADES Host ID FitsMap ID z z-low z-high z-rank Spec-z Reference

AT 2023adss JADES-GS+53.18299-27.78781 205579 4.35 4.31 4.38 2 ...
AT 2023adst JADES-GS+53.13420-27.81642 197732 4.117 ... ... 1 B. Garilli et al. (2021)
AT 2023adsu JADES-GS+53.14065-27.77896 127158 3.74 3.57 3.81 2 ...
AT 2023adsv JADES-GS+53.16439-27.83877 82314 3.61 ... ... 1 DDT-6541
AT 2023adsw JADES-GS+53.11368-27.81093 199353 3.21 3.09 3.79 2 ...
AT 2023adsx JADES-GS+53.16995-27.76844 211968 3.090 ... ... 1 H. Inami et al. (2017)
AT 2023adsy JADES-GS+53.13485-27.82088 96906 2.90 ... ... 1 DDT-6541
AT 2023adsz JADES-GS+53.14564-27.81019 199488 2.86 2.76 2.91 2 ...
AT 2023adta JADES-GS+53.13533-27.81457 198373 2.83 ... ... 1 DDT-6541
AT 2023adtb JADES-GS+53.16908-27.76216 213818 2.78 2.66 2.90 2 ...
AT 2023adtc JADES-GS+53.16529-27.82678 91430 2.77 1.91 2.89 2 ...
AT 2023adtd JADES-GS+53.13210-27.79678 L 2.73 ... ... 1 DDT-6541
AT 2023adte JADES-GS+53.18807-27.76475 213100 2.623 ... ... 1 F. D’Eugenio et al. (2024)
AT 2023adtf JADES-GS+53.16175-27.82281 95007 2.344 ... ... 1 A. J. Bunker et al. (2024)
AT 2023adtg JADES-GS+53.19326-27.74884 217127 2.24 2.11 2.35 2 ...
AT 2023adth JADES-GS+53.18230-27.78338 207072 2.06 ... ... 1 DDT-6541
AT 2023adti JADES-GS+53.14194-27.81095 104790 1.94 1.82 2.01 2 ...
AT 2023adtj JADES-GS+53.16266-27.73909 218643 1.932 ... ... 1 I. G. Momcheva et al. (2016)
AT 2023adtk JADES-GS+53.14929-27.78859 205311 1.912 ... ... 1 I. G. Momcheva et al. (2016)
AT 2023adtl JADES-GS+53.18792-27.75959 214338 1.86 1.77 1.96 2 ...
AT 2023adtm JADES-GS+53.16765-27.83040 193080 1.854 ... ... 1 I. G. Momcheva et al. (2016)
AT 2023adtn JADES-GS+53.21332-27.75812 214628 1.748 ... ... 1 F. D’Eugenio et al. (2024)
AT 2023adto JADES-GS+53.12301-27.82107 196414 1.62 ... ... 1 DDT-6541
AT 2023adtp JADES-GS+53.13450-27.77101 210860 1.500 ... ... 1 I. G. Momcheva et al. (2016)
AT 2023adtq JADES-GS+53.15491-27.79346 204024 1.19 1.08 1.29 2 ...
AT 2023adtr JADES-GS+53.16056-27.82275 94908 1.171 ... ... 1 T. Urrutia et al. (2019)
AT 2023adts JADES-GS+53.16358-27.76329 213475 1.16 1.12 1.21 2 ...
AT 2023adtt JADES-GS+53.15543-27.83588 191322 1.139 ... ... 1 E. Vanzella et al. (2008)
AT 2023adtu JADES-GS+53.13491-27.78894 L 1.01 ... ... 1 DDT-6541
AT 2023adtv JADES-GS+53.15647-27.81084 199156 0.665 ... ... 1 M. Mignoli et al. (2005)
AT 2023adtw JADES-GS+53.18106-27.77624 209108 0.657 ... ... 1 I. G. Momcheva et al. (2016)
AT 2023adtx JADES-GS+53.20452-27.75542 215360 0.533 ... ... 1 I. G. Momcheva et al. (2016)
AT 2023adty JADES-GS+53.20180-27.76414 212911 0.210 ... ... 1 I. G. Momcheva et al. (2016)
AT 2023adtz JADES-GS+53.18087-27.73695 155113 ? ... ... ... ...
Marginal Detections
AT 2023adua JADES-GS+53.12212-27.80734 200342 1.86 1.75 1.95 2 ...
AT 2023adub JADES-GS+53.17622-27.79620 203278 0.996 ... ... 1 O. Le Fèvre et al. (2013)

Table 6
JADES-SN-22 Host IDs and Redshifts

ID JADES Host ID FitsMap ID z z-low z-high z-rank Spec-z Reference

AT 2022aevg JADES-GS+53.15852-27.72956 286671 4.82 4.77 4.86 3 ...
AT 2022aevh JADES-GS+53.18698-27.77563 129396 4.82 4.38 5.31 3 ...
AT 2022aevi JADES-GS+53.17257-27.81377 198564 4.504 ... ... 1 F. D’Eugenio et al. (2024)
AT 2022aevj JADES-GS+53.18086-27.77420 209839 4.471 ... ... 1 H. Inami et al. (2017)
AT 2022aevk JADES-GS+53.20046-27.78476 123019 4.24 4.15 4.32 2 ...
AT 2022aevl JADES-GS+53.12267-27.77795 127777 3.96 3.87 4.10 3 ...
AT 2022aevm JADES-GS+53.17714-27.76441 L 3.605 ... ... 1 O. Le Fèvre et al. (2015)
AT 2022aevn JADES-GS+53.15375-27.82513 280649 3.58 3.46 3.72 2 ...
AT 2022aevo JADES-GS+53.17203-27.83956 190256 3.166 ... ... 1 P. A. Oesch et al. (2023)
AT 2022aevp JADES-GS+53.17415-27.79405 203861 2.79 2.76 2.90 2 ...
AT 2022aevq JADES-GS+53.14541-27.80197 201806 2.73 2.34 2.88 3 ...
AT 2022aevr JADES-GS+53.12631-27.80165 111073 2.62 2.51 4.16 3 ...
AT 2022aevs JADES-GS+53.11090-27.80056 202086 2.617 ... ... 1 A. J. Bunker et al. (2024)
AT 2022aevt JADES-GS+53.12953-27.79964 202378 2.617 ... ... 1 O. Le Fèvre et al. (2015)
AT 2022aevu JADES-GS+53.13481-27.77504 L 2.56 2.17 2.85 3 ...
AT 2022aevv JADES-GS+53.16716-27.78481 L 2.48 1.80 2.87 3 ...
AT 2022aevw JADES-GS+53.12024-27.79892 202484 2.323 ... ... 1 I. G. Momcheva et al. (2016)
AT 2022aevx JADES-GS+53.14550-27.74871 217137 2.315 ... ... 1 F. D’Eugenio et al. (2024)
AT 2022aevy JADES-GS+53.18522-27.78504 206641 2.29 2.16 2.52 2 ...
AT 2022aevz JADES-GS+53.15696-27.75625 286357 2.02 1.77 2.31 3 ...
AT 2022aewa JADES-GS+53.16208-27.83453 85705 2.01 1.85 2.05 2 ...
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no obvious host, so it cannot be assigned a redshift. There is a
nearby star which may be obscuring its host. AT 2023adtz and
AT 2022aews cannot be assigned redshifts because their hosts
are too faint to yield well-constrained photometric redshifts.
See Section 4.6.5 for more details on AT 2022aewsʼs potential
host and redshift. AT 2022aewlʼs redshift is also unclear
because its host galaxy is unclear (although it was cautiously
assigned a host with zspec= 1.114). See Section 4.6.4 for
details.

In Tables 5 and 6, there is also a “Redshift Rank” column,
where “1” indicates a spectroscopic redshift, “2” indicates a
JADES EAZY photometric redshift with little to no SN
contamination in the Epoch1 SED, and “3” indicates that the
SED was refit with eazy-py using the Epoch2 data because
SN emission contaminated the Epoch1 SED. In some of the z-
rank= 3 cases, there still may be SN emission contaminating
the Epoch2 SED, making it difficult to derive reliable
photometric redshifts.

4.5.1. JADES Photometric Redshifts: Epoch1

The JADES photometric redshifts were calculated from the
Epoch1 NIRCam photometry using EAZY (G. B. Brammer
et al. 2008), following a similar procedure to what was done in
K. N. Hainline et al. (2024). Strong features in galaxy SEDs,
like the 912 Å Lyman break, 1216 Å Lyα break, 4000 Å/
Balmer breaks, and nebular line emission, can be observed
photometrically, and we estimated the redshifts of these host
galaxies by fitting with templates. EAZY linearly combines
galaxy SED templates and iterates over a defined redshift grid
to determine which redshift yields the best fit to the observed

SED. Refer to K. N. Hainline et al. (2024) for the specific
template sets used to generate the fits.
The input redshift grid covers from zmin = 0.01 to

zmax = 21.0 with δz= 0.01. For each SN host without a
spectroscopic redshift, the template SEDs were fit to the 14-
band 0 1 circular aperture photometry from HST/Advanced
Camera for Surveys (ACS; F435W, F606W, F775W, F814W,
and F850LP) and JWST/NIRCam (F090W, F115W, F150W,
F200W, F277W, F335M, F356W, F410M, and F444W).
EAZY returns a χ2(z) curve based on its ability to fit the

galaxy photometry at each redshift. We convert this χ2 curve to
a probability distribution P(z) assuming a uniform redshift
prior: P(z) = [ ( ) ]c- zexp 22 , which we normalize such that ∫P
(z)dz= 1.
To estimate the most probable redshift from this P(z)

distribution, we convert the P(z) distribution into a cumulative
P(z) distribution and then adopt the 50% cumulative P(z) value
as the host galaxy’s redshift (and SN’s redshift), with the 16%
and 84% cumulative P(z) values as the error bounds. Figure 13
of M. J. Rieke et al. (2023) compares photometric redshifts
derived using a similar method with EAZY to spectroscopic
redshifts, which has an overall outlier fraction of only 5%, an
average offset between spectroscopic and photometric redshifts
of 0.05, and a scatter around the relation of σNMAD= 0.024
(where “NMAD” stands for normalized median absolute
deviation).

4.5.2. Photometric Redshifts with Supernova-free Epoch2 Data

The JADES EAZY fits were run with photometry measured
from the Epoch1 images, resulting in 11 of the JADES-SN-22

Table 6
(Continued)

ID JADES Host ID FitsMap ID z z-low z-high z-rank Spec-z Reference

AT 2022aewb JADES-GS+53.14729-27.81047 105068 2.00 1.63 2.35 3 ...
AT 2022aewc JADES-GS+53.16681-27.81856 197183 1.92 ... ... 1 DDT-6541
AT 2022aeiu JADES-GS+53.19194-27.78455 206738 1.79 1.53 2.04 3 ...
AT 2022aeis JADES-GS+53.16747-27.79525 203597 1.771 ... ... 1 I. G. Momcheva et al. (2016)
AT 2022aewd JADES-GS+53.14841-27.79697 203195 1.766 ... ... 1 F. D’Eugenio et al. (2024)
AT 2022aeit JADES-GS+53.18283-27.77612 128996 1.688 ... ... 1 F. D’Eugenio et al. (2024)
AT 2022aewe JADES-GS+53.15503-27.74995 216898 1.62 1.57 1.69 2 ...
AT 2022aewf JADES-GS+53.15461-27.82810 193831 1.567 ... ... 1 I. G. Momcheva et al. (2016)
AT 2022aewg JADES-GS+53.18645-27.80334 109974 1.42 1.36 1.53 3 ...
AT 2022aewh JADES-GS+53.13085-27.78716 205746 1.415 ... ... 1 H. Inami et al. (2017)
AT 2022aewi JADES-GS+53.19795-27.79706 203217 1.36 1.23 1.57 2 ...
AT 2022aewj JADES-GS+53.16633-27.76866 211770 1.294 ... ... 1 H. Inami et al. (2017)
AT 2022aewk JADES-GS+53.14511-27.80991 199527 1.244 ... ... 1 T. Urrutia et al. (2019)
AT 2022aewl JADES-GS+53.21813-27.76576 208546 1.114? ... ... 1 M. C. Cooper et al. (2012)
AT 2022aewm JADES-GS+53.20463-27.75680 214806 1.094 ... ... 1 E. Vanzella et al. (2008)
AT 2022aeiv JADES-GS+53.17622-27.79620 203278 0.996 ... ... 1 O. Le Fèvre et al. (2013)
AT 2022aewn JADES-GS+53.13759-27.76325 213336 0.953 ... ... 1 T. Urrutia et al. (2019)
AT 2022aewo JADES-GS+53.11407-27.81176 104035 0.669 ... ... 1 T. Urrutia et al. (2019)
AT 2022aewp JADES-GS+53.14735-27.82249 195998 0.669 ... ... 1 T. Urrutia et al. (2019)
AT 2022aeiw JADES-GS+53.15647-27.81084 199156 0.665 ... ... 1 M. Mignoli et al. (2005)
AT 2022aewq JADES-GS+53.15647-27.81084 199156 0.665 ... ... 1 M. Mignoli et al. (2005)
AT 2022aewr JADES-GS+53.13430-27.81269 198750 0.540 ... ... 1 Y. Q. Xue et al. (2011)
AT 2022aews L L ? ... ... ... ...
AT 2022aewt L L ? ... ... ... ...

Marginal Detections
AT 2022aewu JADES-GS+53.16139-27.73710 219050 3.913 ... ... 1 O. Le Fèvre et al. (2015)
AT 2022aewv JADES-GS+53.14817-27.76576 212759 2.67 2.61 2.87 2 ...
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host-galaxy SEDs being contaminated with SN emission. This
was not a problem for extended galaxies where the SN
emission was 0 2 from the galaxy center, as the point-like
SN emission did not overlap with the 0 1 radius aperture and
0 1–0 2 radius annulus used to measure the host photometry.
However, this resulted in inaccurate photometric redshifts for
compact galaxies whose 0 1 radius aperture was contaminated
by the SN emission. To obtain more accurate photometric
redshifts for these sources (z-rank= 3), we refit the SEDs using
photometry from the Epoch2 images with eazy-py,27 using
the tweak_fsps_QSF_12_v3.param templates created
using the code fsps (C. Conroy et al. 2009).

The SN emission in these galaxies may not have entirely faded
out by the time the Epoch2 NIRCam images were taken, so there
may still be SN contamination in the host-galaxy SEDs. However,
these SNe were an additional year (in the observer frame)
postpeak in the Epoch2 images than in the Epoch1 images, so the
potential contamination was less severe in the Epoch2 SEDs. For
a subset of these 11 host galaxies, we remeasured the host centroid
with photutils.segmentation in the Epoch2 images
because the SN emission in the Epoch1 images biased the host
centroid. We remeasured the host centroid if∼25% or more of the
0 1 radius aperture area was not overlapping with host emission
in the Epoch2 F200W image.

4.6. z� 4 Supernova Candidates

The JADES-SN-22 and JADES-SN-23 samples contain
seven SNe associated with hosts at z� 4. Out of these seven
SNe, three have hosts with spectroscopic redshifts (AT
2023adst, AT 2022aevi, and AT 2022aevj), and two have
hosts with robust z-rank= 2 photometric redshifts (AT
2023adss and AT 2022aevk). The other two, AT 2022aevg
and AT 2022aevh, have z-rank= 3 host photometric redshifts.

4.6.1. AT 2022aevg and AT 2022aevh: Supernovae at zphot = 4.82

In the left panel of Figure 6, we show the host SED fits
generated for AT 2022aevg (top left; host is JADES-GS
+53.15852-27.72956) and AT 2022aevh (bottom left; host is
JADES-GS+53.18698-27.77563), the two z� 4 SN candidates
whose assigned hosts have z-rank= 3 redshifts. The right

panels of Figure 6 shows the χ2 versus redshift plots associated
with AT 2022aevg and AT 2022aevhʼs host SED fits. χ2

minima indicate the most likely redshifts based on how well the
SED fits the galaxy’s photometry at each redshift.
The z= 4.82 SED fit for AT 2022aevgʼs host is very robust,

showing a clear Lyα break at observer-frame ∼0.7 μm. The
associated χ2 surface shows a clear minimum at z= 4.82,
adding additional confidence to the z= 4.82 redshift solution.
AT 2022aevhʼs z= 4.82 host SED fits the measured host

photometry fairly well, although the fit is less certain at SW.
The χ2 surface reflects this uncertainty, as it does not have one
clear minimum. Rather, it shows two local minima at z∼ 4.82
(blue vertical line) and z∼ 1.18 (gray vertical line). The
z= 1.18 galaxy SED (gray) does not fit the 2 μm and 2.77 μm
host photometry as well as the Balmer break in the z= 4.82
galaxy SED (blue), and the z= 4.82 SED has a slightly lower
χ2. Additionally, the z= 1.18 SED solution is partially driven
by the HST/ACS photometry, which are nondetections. We
therefore assign z= 4.82 as the host redshift.
It is important to note that the Epoch2 photometry that was

used to generate AT 2022aevhʼs host SED fit could be
contaminated with leftover SN emission (z-rank= 3), which
would invalidate this redshift solution since the SED-fitting
template does not account for SN emission. AT 2022aevh is
captured by Epoch1, Epoch2, Epoch4, and Epoch5.2. We
measured PSF photometry at AT 2022aevhʼs position in each
of these epoch’s science images to try to discern if AT
2022aevh was still present in Epoch2 and continued to fade in
Epoch4 and 5.2. However, the emission in Epoch2, from either
AT 2022aevh or its host, was below the detection threshold of
the shallower Epoch4 and Epoch5.2 images. Thus, we could
not discern if the Epoch2 emission is from AT 2022aevh or its
host. There is another potential host to the left of AT 2022aevh
(see image in Appendix C). The z-rank= 2 SED solution of
this galaxy provides a z> 4 solution, but this SED could be
contaminated by AT 2022aevh since the galaxy photometry
was measured from the Epoch1 science image, when AT
2022aevh was clearly present. We measured photometry in the
Epoch2 science image at this potential host’s position and
performed SED fitting with eazy-py (z-rank= 3), but the
emission was too faint to yield a well-constrained SED fit.

27 https://github.com/gbrammer/eazy-py/
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4.6.2. AT 2022aevi: Supernova at zspec = 4.504

We note that AT 2022aevi appears in a small island of
emission to the upper right of its assigned host galaxy (JADES-
GS+53.17257-27.81377), which has zspec= 4.504 (see
Appendix C for image). The segmentation mapping of both
the 2023 March and 2023 August versions of the JADES
galaxy catalogs associate this island with the zspec= 4.504 host
galaxy. To ensure that the island whose position coincides
with AT 2022aevi is also at z∼ 4.5, we performed galaxy
SED fitting at this location using photometry from the
Epoch2 science image, in which AT 2022aevi had faded. The
SED fitting yielded a redshift solution consistent with z∼ 4.5,

so we associate the island and thus AT 2022aevi with the
zspec= 4.504 galaxy.

4.6.3. AT 2023adss: Supernova at zphot = 4.35

AT 2023adssʼs assigned host galaxy is JADES-GS
+53.18299-27.78781, which has zphot= 4.35. We note that
H. Inami et al. (2017) assign zspec= 3.096 to a galaxy with
coordinates that are close to AT 2023adss. However, there are
multiple galaxies near AT 2023adss (see image in
Appendix B), and it is unclear if the galaxy listed in H. Inami
et al. (2017) is the same galaxy as AT 2023adssʼs assigned
host. Additionally, the spec-z is based on only one spectral

Figure 6. Left: host-galaxy SED fits for AT 2022aevg (top; host is JADES-GS+53.15852-27.72956) and AT 2022aevh (bottom; host is JADES-GS+53.18698-
27.77563). HST/ACS and JWST/NIRCam measured host photometry is shown as dark orange circles with gray error bars, and the assigned host SED is shown in
blue. AT 2022aevgʼs z = 4.82 SED fits the data very well, providing confidence in the z = 4.82 redshift solution. AT 2022aevhʼs z = 4.82 SED (blue) also fits the host
photometry well, although the fit is less certain at SW. We also show the z = 1.18 SED (gray) for AT 2022aevhʼs host, but it does not fit the host photometry as well as
the z = 4.82 SED at 2 μm and 2.77 μm. Right: χ2 vs. SED fit redshift for AT 2022aevg (top) and AT 2022aevh (bottom). The χ2 minima indicate the redshifts at
which the SED best fits the measured photometry. AT 2022aevg has one clear χ2 minimum around z = 4.82, providing further confidence in this redshift. AT
2022aevhʼs χ2 surface shows two local minima: z = 4.82 and z = 1.18. We assign z = 4.82 as the host redshift, which has the global χ2 minimum.
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feature, so it is not a high-confidence spec-z. Thus, we report
zphot= 4.35 for AT 2023adssʼs host’s redshift.

4.6.4. AT 2022aewl: Supernova with Potential z> 5 Host?

AT 2022aewl is a high-redshift SN candidate because it
exploded right next to a faint blob of LW emission that is not
listed in the JADES galaxy catalogs (see Figure 7). AT
2022aewl appears as the blue compact emission and the
potential host is the red blob of emission to AT 2022aewlʼs
right. Galaxy SED fitting of the Epoch2 images (when the SN
was gone) yields a z∼ 5.8 solution, although the potential host
is quite faint so the fit is not secure. AT 2022aewl is also
positioned in the outskirts of a large zspec= 1.114 spiral galaxy,
which we assign as the host (JADES-GS+53.21813-
27.76576). We assign the lower-redshift galaxy as the host
because the SN light-curve fitting yielded a much better fit at
z∼ 1 than at z∼ 5.8. AT 2022aewl is also quite blue, which is
more consistent with a lower-redshift normal SN solution. If
AT 2022aewl were at z∼ 5.8, it would be brighter in rest-frame
0.2 μm than in rest-frame 0.3 μm or 0.7 μm, which is unlikely
for a typical SN. For theoretical pair-instability supernovae
(PISNe), low-metallicity superluminous supernovae (SLSNe),
or Population III SNe, the expectation is that the SN is very
blue at early times. However, with only one observation, we
cannot determine if AT 2022aewl is an exotic SN.

We still mention this high-redshift solution for AT 2022aewl
because we consider it unlikely for an SN on the outskirts of a
large spiral galaxy to explode so close to another potential host
(see DLR host-assignment method described in Section 4.4).

Also, the z∼ 5.8 light-curve fitting may not have yielded a
good solution because the SN models at z∼ 5.8 may not be
accurate. Important future work includes developing more
sophisticated SN models at high redshift.

4.6.5. AT 2022aews: Potential High-z Supernovae with an
Undetermined Redshift

AT 2022aews is another high-redshift SN candidate. At its
position, there was LW emission in Epoch1 that faded in
Epoch2, but there remained some LW emission in Epoch2. It
is unclear if this remaining emission is leftover SN emission
or host-galaxy emission. We performed galaxy SED fitting
with the Epoch2 science image photometry assuming that the
Epoch2 emission was from a host, but the resulting fit was
inconclusive because the Epoch2 emission is so faint. The
SED fitting did, however, provide a z∼ 6 solution, making
AT 2022aews a high-redshift SN candidate. We are not
confident in this solution, so we choose not to assign a
redshift to AT 2022aews. It should be noted in general that
SNe discovered with JWST tend to give a z∼ 6–7 solution
when their JWST/NIRCam and HST/ACS photometry is fit
with galaxy SED templates because they appear to “drop out”
in the HST/ACS bands (because they did not exist at the time
of HST imaging), making them F814W dropouts.

4.7. Properties of the JADES Supernova Sample

The JADES-SN-22 and JADES-SN-23 samples have greatly
increased the number of high-redshift SN detections. We plot
F200W and F356W apparent AB magnitude versus redshift
and compare to the parameter space covered by F160W in the
HST CANDELS/CLASH survey in Figure 8.
JWST more than doubles the SN redshift regime and

expands the AB magnitude parameter space by multiple
magnitudes beyond what was possible with HST. Comparing
the plots at z> 2 shows that longer-wavelength images are
more optimal for detecting high-redshift SNe, as high-redshift
SNe generally peak at longer wavelengths. There is a stronger
trend of brightness decreasing with redshift in the F200W plot
than in the F356W plot.
In Figure 9, we show a redshift histogram for each of the

seven NIRCam wide bands that we used to conduct the SN
search. Note again that we searched each band separately,
combining the full sample only after finalizing the SN sample
for each individual band. While the finalized SN sample for
each band depends on the SN’s S/N in the six other bands (see
Section 3.2), the histogram shows the redshift distribution of
sources that DAOStarFinder was capable of detecting in
each band.
The median recovered SN redshift for each filter, indicated

by the vertical dashed red lines in Figure 9, shows that the
longer-wavelength filters detect higher-redshift SNe more
effectively (except for F444W, which is less sensitive due to
a higher sky background). F277W and F356W each recover
SNe with median redshift z= 2.02, whereas F200W and
F150W recover SNe with median redshifts z= 1.78 and
z= 1.77, respectively. Although the median redshifts are not
so different since the majority of detected SNe are at z� 2
(where the SW and LW data are equally effective), the slight
shift toward higher redshift with F277W and F356W reflects
the existence of a significant high-redshift tail in the SN

Figure 7. AT 2022aewl appears as the blue dot above the spiral galaxy, which
is AT 2022aewlʼs assigned host (zspec = 1.114). To the upper left of the spiral
galaxy is a zoomed-in image of AT 2022aewl, which shows a faint red blob to
its right. This faint red blob is another potential host galaxy for AT 2022aewl.
Galaxy SED fitting of the red blob in the Epoch2 imaging, when the SN had
faded away, yielded a photometric redshift solution of z ∼ 5.8. AT 2022aewlʼs
host is unclear, but SN light-curve fitting yielded a better solution at z ∼ 1 than
at z ∼ 5.8, so we assign the spiral galaxy as AT 2022aewlʼs likely host.
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samples with these LW filters as seen in Figure 9. These
additional high-redshift detections cause F277W and F356W to
recover the highest fraction of candidates detected (66 and 55
sources, respectively).

NIRCam LW filters such as F277W and F356W are
especially powerful for detecting high-redshift SNe. This is
because these mid-infrared filters sample the Rayleigh–Jeans
part of the SN spectrum up to a high redshift, meaning that the

Figure 8. Apparent magnitude vs. redshift for SNe detected in F200W (left) and F356W (right). The JADES-SN-22 sample is shown in purple and the JADES-SN-23
sample is shown in cyan. SNe that are below the Epoch1 and Epoch2 F200W and/or F356W detection thresholds are not shown. Circles indicate robust redshifts (rank
1 or 2, meaning spectroscopic or robust photometric redshift, respectively), and diamonds indicate less robust redshifts (rank 3, meaning that the host-galaxy SED used
to generate the photometric redshift may have been contaminated with SN emission). The HST CANDELS/CLASH survey parameter space is indicated by the red
shaded area.

Figure 9. Redshift distribution of SNe recovered by each of the NIRCam wide bands. For each filter, a “recovery” means that DAOStarFinder detected the source
in that filter’s Epoch2 – Epoch1 (or Epoch1 – Epoch2) difference image, and the source passed all of the selection criteria detailed in Section 3. The red dashed line in
each panel indicates the median redshift in the distribution. The F277W and F356W bands result in the highest fraction of candidates detected (66 and 55 sources,
respectively), and these bands have the highest median redshift distribution (zmed = 2.02).

17

The Astrophysical Journal, 979:250 (38pp), 2025 February 1 DeCoursey et al.



source would brighten at higher redshift as these filters sample
the SN SED closer and closer to its peak. This partially
compensates the dimming due to the increased distance,
causing the F277W and F356W apparent magnitudes of
high-redshift SNe to drop much more slowly compared
to those at shorter wavelengths (J. Miralda-Escudé &
M. J. Rees 1997).

4.8. Any Exotic Supernovae Such as Superluminous
Supernovae and Pair-instability Supernovae?

To determine if the sample contains any SLSNe or PISNe,
we plot the F150W versus F150W – F444W color–magnitude

diagram (CMD) in four redshift bins (1< z< 2, 2< z< 3,
3< z< 4, and 4< z< 5) in Figure 10. The JADES-SN-22 and
JADES-SN-23 data points are overlaying fiducial populations
of SNe Ia, SN II, SLSNe, and PISNe. All of the JADES SNe
fall within expectations for normal SNe except for AT
2022aevn, which is the bluest point in the 3< z< 4 (bottom
left) panel. It falls in a region populated by the fiducial SLSNe,
making it an SLSN candidate. After analyzing its light curve
and Epoch2 photometry, however, we do not believe that AT
2022aevn is an SLSN (see Section 5.1.4). None of the JADES
SNe fall within the PISN regions, so there are no PISN
candidates in the sample.

Figure 10. F150W vs. F150W – F444W CMD binned by redshift (1 < z < 2 in upper left, 2 < z < 3 in upper right, 3 < z < 4 in lower left, and 4 < z < 5 in lower
right). The black plus signs show the JADES sample, with arrows indicating upper limits. The underlying shaded regions indicate the expected parameter space
populated by fiducial SNe Ia (blue), SNe II (purple), SLSNe (orange), and PISNe (red). The SN Ia template is from E. Y. Hsiao et al. (2007) with a peak r-band
magnitude of −19.3 mag. For SNe II, we take the Nugent template (https://c3.lbl.gov/nugent/nugent_templates.html) with a peak r-band magnitude of −18.5 mag.
The SLSN template is from T. J. Moriya et al. (2022) and the PISN models are from D. Kasen et al. (2011). For all the models, we adopt AV = 0, 1, and 2 mag to
determine the populating regions. All of the JADES SNe fall within the expectations for normal SNe except for AT 2022aevn, which is the bluest point in the
3 < z < 4 panel. AT 2022aevn falls in an area populated by SLSNe, making it an SLSN candidate. However, see Section 5.1.4 for an explanation of why we do not
consider AT 2022aevn to be an SLSN.
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4.9. Supernovae Interloping as z∼ 16 Galaxy Candidates

Two of the sources that faded at LW between the Epoch1
and Epoch2 imaging were z∼ 16 galaxy candidates prior to the
Epoch2 imaging. These sources are AT 2022aews and AT
2022aevk, shown in Figure 11.

AT 2022aews (left side of Figure 11) is the zphot= 15.77
galaxy candidate JADES-GS-53.12692-27.79102 in K. N. Hainl-
ine et al. (2024), and AT 2022aevk (right side of Figure 11) is a
zphot= 15.89 galaxy candidate from the JADES 2023 March
galaxy catalog (although this source was eventually rejected as a
high-redshift galaxy due to 4σ emission in F090W; see JADES-
GS-53.20055-27.78493 in K. N. Hainline et al. 2024). These
redshift solutions resulted from EAZY SED fitting, with the exact
methodology described in K. N. Hainline et al. (2024). These
sources had such high-redshift solutions because they lacked SW
emission in the Epoch1 NIRCam imaging and were below the
HST detection threshold, showing up as F150W dropouts.

With two epochs of imaging data (Epoch1 and Epoch2), we
determined that AT 2022aews and AT 2022aevk are not z∼ 16
galaxy candidates but rather are transients. They faded in
F277W, F356W, and F444W (see Figure 11).

It is unclear if the emission at AT 2022aewsʼs location in
Epoch2 is a host galaxy or remaining SN emission, so we do
not assign a redshift to AT 2022aews. There is no other
reasonably nearby potential host galaxy. If the Epoch2
emission is from a host galaxy, AT 2022aews could be still
at reasonably high redshift. However, the fidelity of a high-
redshift solution decreases dramatically because there would no
longer be a sharp break in the SED. See Section 4.6.5 for
details on the galaxy SED-fitting attempts on the remaining LW
emission in Epoch2.
AT 2022aevk lies near a galaxy with zphot= 4.24 (JADES-

GS+53.20046-27.78476), shown in the right panel of
Figure 11. We assign this galaxy as the host, as there is very
little emission remaining at AT 2022aevkʼs location in Epoch2.
We interpret the small amount of remaining emission as
leftover SN emission. AT 2022aevk is a robust high-redshift
(z� 4) SN candidate because it emits only at LW.
See Section 5.3 for a discussion about the implications that

these z∼ 16 galaxy candidate interlopers have on high-redshift
galaxy surveys.

Figure 11. Epoch1, Epoch2, and difference images of AT 2022aews (left panel; F444W, F277W, and F150W) and AT 2022aevk (right panel; F277W, F200W, and
F115W). Top row: the Epoch2 NIRCam images that show very faint LW emission from AT 2022aews and AT 2022aevk (or emission from AT 2022aewsʼs potential
host galaxy) because they faded between Epoch1 and Epoch2. Neither source shows SW emission in Epoch2. Middle row: Epoch1 NIRCam images showing LW
emission from AT 2022aews and AT 2022aevk. Prior to the Epoch2 imaging, AT 2022aews was considered a zphot = 15.77 galaxy candidate (K. N. Hainline
et al. 2024) because of its compact morphology and lack of emission at wavelengths short of F200W, mimicking a Lyman break. AT 2022aevk was a zphot = 15.89
galaxy candidate in the JADES 2023 March galaxy catalog for similar reasons. Bottom row: the Epoch1 – Epoch2 difference images showing fading LW brightness
for AT 2022aews and AT 2022aevk. While the difference image emission is faint, the sources clearly faded at LW between Epoch1 and Epoch2, indicating that they
are transients (likely SNe) rather than z ∼ 16 galaxy candidates.
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5. Discussion

5.1. Classification

We attempted to classify each of the SN candidates using
the STARDUST2 Bayesian light-curve classification tool
(S. A. Rodney et al. 2014), which is built on the underlying
SNCosmo framework and was originally designed for
classifying SNe using HST. STARDUST2 uses the SALT3-
NIR model to represent SNe Ia (J. Guy et al. 2007;
W. D. Kenworthy et al. 2021; J. D. R. Pierel et al. 2022) and
a collection of spectrophotometric time series templates to
represent CCSNe (27 SNe II and 15 Type Ib/c SNe (SNe
Ib/c)). The CCSN templates are those developed for the SN
analysis software SNANA (R. Kessler et al. 2009), derived from
the SN samples of the Sloan Digital Sky Survey (J. A. Frieman
et al. 2008; M. Sako et al. 2008; C. B. D’Andrea et al. 2010),
Supernova Legacy Survey (P. Astier et al. 2006), and Carnegie
Supernova Project (M. Hamuy et al. 2006; M. Stritzinger et al.
2009; N. I. Morrell 2012). The models produced for SNANA
were extended to the near-infrared (NIR) by J. D. R. Pierel
et al. (2018). Within STARDUST2 a nested sampling
algorithm (J. Skilling 2004) measures likelihoods over the
SN simulation parameter space, including priors on dust
parameters described in S. A. Rodney et al. (2014). We use all
available data for each classification, which is 1–4 light-curve
epochs depending on the SN location and up to seven wide-
band filters and two medium-band filters. STARDUST2 has
been successfully implemented for single-epoch classification
in the past (M. Golubchik et al. 2023), and we are able to
validate it by comparing single-epoch classifications to
spectroscopic classifications for the subsample with spectra.

We performed light-curve fitting for each of the SNe, and 40
of the 45 JADES-SN-22 fits and 30 of the 34 JADES-SN-23
fits converged successfully. The JADES-SN-22 sample con-
tains nine SN Ia, five SN Ib/c, and 26 SN II candidates, and the
JADES-SN-23 sample contains two SN Ia, eight SN Ib/c, and
20 SN II candidates. Refer to Tables 7 and 8, respectively, for
the JADES-SN-23 and JADES-SN-22 classifications, best-fit
models, and best-fit model redshifts compared to the host
redshifts.

Some sources were imaged multiple times with the same
filter on the same day through different programs (i.e., the
overlapping filters of Epochs5.1, 5.2, and 5.3, taken on UT
2024 Jan 1). For light-curve fitting, we averaged this
photometry filter by filter into a single Epoch5.

If the SN’s host had a spec-z, this spec-z was set as a fixed
parameter in the light-curve fitting and thus the best-fit model
redshift equals the host spec-z. However, in cases where the
host only had a photo-z, redshift was set as a free parameter
with the host photo-z and its associated uncertainties set as
priors. The best-fit model redshift, in these cases, corresponds
to the redshift that the light-curve fitting converged upon for the
best-fit SN model. In Tables 7 and 8, spectroscopic host
redshifts are shown in bold, and the uncertainties listed for
the photometric host redshifts are the larger of the ±1σ
uncertainties listed in Tables 5 and 6.

To provide a general sense of our confidence in these fits,
Tables 7 and 8 show the probability of SN Ia versus SN II
versus SN Ib/c based on the SNCosmo analysis, as well as the
χ2 per degrees of freedom (DOF) and number of DOF for the
best-fit model. We also list the number of epochs considered in
the light-curve fitting for the JADES-SN-23 sample, where

Epochs5.1–5.3 are considered as one epoch. All JADES-SN-22
sources are covered by one epoch except for AT 2022aewb,
which has five epochs of coverage. The relative probabilities used
to determine the SN type are Bayesian probabilities from
SNCosmo based upon the goodness of fit for individual SN
models. They should not be interpreted as the likelihood of the
source being SN Ia versus SN II versus SN Ib/c. For example, a
source may have poor fits for both SN II and Ib/c models, but the
SN II model fits are comparatively better, and so the SN II
probability ends up being very high despite a poor fit to the data.
The χ2/DOF value for the best-fit model is a better indicator of
the quality of the classification, with ∼5 being our assumed limit
for a robust classification. There are some sources, however, with
multiple epochs of coverage that have χ2/DOF> 5 but the best-
fit light-curve model fits the data well (e.g., AT 2023adta, AT
2023adti, and AT 2023adtu). In these cases, the high value of
χ2/DOF is likely driven by underestimated photometric uncer-
tainties rather than a poor fit to the data.
The best-fit model is the model with the lowest χ2/DOF

taken from the list of models with the highest-probability SN
type. There are a few cases where SN Ia is most favored by the
SNCosmo probabilities but the x1 parameter, which describes
the “shape” or “stretch” of the fit, is unphysical, so we assign
the best-fit model from next highest-probability SN type. We
mark these cases in Tables 7 and 8 with an "a."
Many of the sources, including all but one of the JADES-

SN-22 sources, only have one point along the light curve. To
test how reliably we can classify SNe based on just one epoch,
we performed the classification scheme for six of the SNe
whose types were spectroscopically confirmed through DDT
Program 6541 (AT 2023adth, AT 2023adsv, AT 2023adto, AT
2023adta, AT 2023adti, and AT 2023adtd) based on just one of
their three or more imaging epochs. For each epoch, we
performed the classification scheme and compared this single-
epoch classification result to the multiepoch and spectroscopic
classification result. The comparisons indicate that single-
epoch classifications reliably distinguish SN Ia versus CCSNe
but discern SNe II versus Ib/c with only ∼50% accuracy.
However, we note that the JADES-SN-23 sample, which
benefits from multiepoch light-curve fitting, only has two SN Ia
candidates (AT 2023adtm and AT 2023adsy), whereas the
JADES-SN-22 sample, which relies almost entirely on single-
epoch light-curve fitting, has nine SN Ia candidates. It is
unlikely that all nine of these SNe are really SNe Ia, but their
photometry is best fit by the SALT3-NIR model with a
physically reasonable x1 parameter (−2� x1� 2), so we list
them as SN Ia candidates.
The fitted light curves for JADES-SN-23 and JADES-SN-22

SNe that have best-fit models with χ2/DOF� 50 are shown in
Appendices B and C, respectively. Note that the error bounds
shown for the light curves are only statistical in nature. They do
not account for model uncertainties.
We note that AT 2022aevhʼs light-curve fitting yields a

z= 6.83 SN II solution, but we consider this fit unreliable as it
is based on just one epoch of observation. While AT 2022aevh
is still a high-redshift SN candidate based on its host
photometric redshift of zphot= 4.82± 0.49 (see Figure 6 and
Section 4.6.1), we do not claim that it is a z= 6.83 SN.
Below, we highlight the best-fit light curves and classifica-

tions of five of the most interesting SNe in the sample: AT
2023adsy, AT 2023adta, AT 2023adsv, AT 2022aevn, and AT
2022aewb.
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Table 7
JADES-SN-23 Classifications

ID P(Ia) P(II) P(Ibc) Type Best-fit Model Model χ2/DOF DOF # of Epochs Best-fit Model z Host z

AT 2023adss 0 1 99 Ibc snana-2006lc 1.1 9 3 4.35 4.35 ± 0.04
AT 2023adst 0 100 0 II snana-2007og 1.7 22 4 4.117 4.117
AT 2023adsua 53 16 31 Ibc snana-2004gq 0.8 10 2 3.70 3.74 ± 0.17
AT 2023adsv 0 100 0 II snana-2006kv 1.3 13 3 3.61 3.61
AT 2023adsw 7 91 2 II snana-2006gq 2.5 23 4 2.78 3.21 ± 0.58
AT 2023adsxa 97 0 3 Ibc snana-2006jo 2.6 12 3 3.090 3.090
AT 2023adsy L L L Ia salt3-nir 3.9 29 4 2.90 2.90
AT 2023adsz 0 100 0 II snana-2006ez 1.4 28 4 3.06 2.86 ± 0.10
AT 2023adta 0 0 100 Ibc snana-2004gv 32.3 29 4 2.83 2.83
AT 2023adtb 15 85 0 II snana-2007ld 2.1 14 3 2.63 2.78 ± 0.12
AT 2023adtc L L L L L L L 3 L 2.77 ± 0.86
AT 2023adtd 0 0 100 Ibc snana-2004ib 3.9 18 3 2.73 2.73
AT 2023adte 0 100 0 II snana-2004hx 11.7 15 3 2.623 2.623
AT 2023adtf 0 100 0 II snana-2007lb 1.8 14 3 2.344 2.344
AT 2023adtg 1 99 0 II snana-2006kn 1.6 4 1 2.31 2.24 ± 0.13
AT 2023adth 0 56 44 II snana-2007pg 5.9 16 3 2.06 2.06
AT 2023adti 0 100 0 II snana-2007ms 10.9 28 4 1.73 1.94 ± 0.12
AT 2023adtj 0 81 19 II snana-2007pg 1.5 10 2 1.932 1.932
AT 2023adtk 0 100 0 II snana-2007kw 5.7 5 1 1.912 1.912
AT 2023adtl 0 0 100 Ibc snana-2004gq 10.6 12 3 1.85 1.86 ± 0.10
AT 2023adtm 100 0 0 Ia salt3-nir 3.1 14 4 1.854 1.854
AT 2023adtn 2 96 2 II snana-2005gi 3.0 5 1 1.748 1.748
AT 2023adto 0 100 0 II snana-2006iw 33.1 29 4 1.62 1.62
AT 2023adtp 0 100 0 II snana-2007lz 1.5 9 2 1.500 1.500
AT 2023adtq 14 86 0 II snana-2007lz 181.1 4 1 1.41 1.19 ± 0.11
AT 2023adtr 0 100 0 II snana-2006gq 7.3 10 2 1.171 1.171
AT 2023adts 0 26 74 Ibc snana-2006jo 1.3 12 3 1.14 1.16 ± 0.05
AT 2023adtt 0 0 100 Ibc snana-2004ib 9.9 4 2 1.139 1.139
AT 2023adtu 0 100 0 II snana-2006iw 91.1 8 2 1.01 1.01
AT 2023adtv 0 90 10 II snana-2007ll 2.4 3 1 0.665 0.665
AT 2023adtw 0 100 0 II snana-2004hx 58.8 12 3 0.657 0.657
AT 2023adtx L L L L L L L 1 L 0.533
AT 2023adty L L L L L L L 1 L 0.210
AT 2023adtz L L L L L L L 1 L L
Marginal Detections
AT 2023adua 29 64 7 II snana-2007ll 2.4 24 4 1.78 1.86 ± 0.11
AT 2023adub 0 100 0 II snana-2007nr 5.9 6 2 0.996 0.996

Notes.
P(Ia) vs. P(II) vs. P(Ibc) should not be interpreted as percentage likelihood of SN types. See text for more details.
Bold redshift = spectroscopic.
Model redshift shown simply to compare to host redshift as fit quality indicator. Should not be quoted as SN redshift.
a Indicates P(Ia) has highest probability value but SN Ia fit is unphysical.
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5.1.1. AT 2023adsy: Type Ia at zspec = 2.90

We fit the light curve for AT 2023adsy, which was
spectroscopically confirmed as an SN Ia at z= 2.90 in host
JADES-GS+53.13485-27.82088 with DDT Program 6541.
This is a groundbreaking result, as it is the highest-redshift
spectroscopically confirmed SN Ia discovered thus far. Refer to
J. D. R. Pierel et al. (2024c) for a complete analysis of
AT 2023adsy, who present the SN spectrum and photometric

light-curve fitting and provide the first glimpse of SNe Ia as
standard candles at z> 2.
Figure 12 shows the fitted SALT3-NIR light curve. Most of

the photometric measurements are within 1σ of the z= 2.90 SN
Ia light curve, indicating the robustness of the fit. Since the SN
Ia classification was adopted from J. D. R. Pierel et al. (2024c),
we do not list SNCosmo SN type probabilities for AT
2023adsy in Table 7.

Table 8
JADES-SN-22 Classifications

ID P(Ia) P(II) P(Ibc) Type Best-fit Model Model χ2/DOF DOF Best-fit Model z Host z

AT 2022aevg 87 2 11 Ia salt3-nir 0.4 2 4.80 4.82 ± 0.05
AT 2022aevh 2 98 0 II snana-2006ix 6.4 4 6.78 4.82 ± 0.49
AT 2022aevi 84 3 13 Ia salt3-nir 1.6 3 4.504 4.504
AT 2022aevja 83 2 15 Ibc snana-2004gv 3.9 5 4.471 4.471
AT 2022aevk 62 14 24 Ia salt3-nir 0.6 2 4.43 4.24 ± 0.09
AT 2022aevl 13 85 2 II snana-2006ez 21.3 1 3.47 3.96 ± 0.14
AT 2022aevm 56 26 18 Ia salt3-nir 3.4 4 3.605 3.605
AT 2022aevn 4 0 96 Ibc snana-04d1la 12.4 2 3.44 3.58 ± 0.14
AT 2022aevo 87 9 4 Ia salt3-nir 1.7 4 3.166 3.166
AT 2022aevp 0 50 50 Ibc snana-2004ib 1.8 3 2.82 2.79 ± 0.11
AT 2022aevq 5 95 0 II snana-2007ms 15.2 3 2.92 2.73 ± 0.39
AT 2022aevr L L L L L L L L 2.62 ± 1.54
AT 2022aevs 0 41 59 Ibc snana-2006lc 0.8 4 2.617 2.617
AT 2022aevt 0 83 17 II snana-2007lz 1.0 4 2.617 2.617
AT 2022aevua 93 4 3 II snana-2007iz 4.1 4 2.74 2.56 ± 0.39
AT 2022aevv L L L L L L L L 2.48 ± 0.68
AT 2022aevw 100 0 0 Ia salt3-nir 2.2 5 2.323 2.323
AT 2022aevx 0 100 0 II snana-2006jl 4.8 5 2.315 2.315
AT 2022aevy 8 84 8 II snana-2007nv 1.4 4 2.41 2.29 ± 0.23
AT 2022aevza 79 13 8 II snana-2005gi 3.1 4 1.79 2.02 ± 0.29
AT 2022aewa 0 100 0 II snana-2007pg 2.4 4 1.78 2.01 ± 0.16
AT 2022aewb L L L L L L L L 2.00 ± 0.37
AT 2022aewc 54 46 0 Ia salt3-nir 0.4 4 1.92 1.92
AT 2022aeiu 81 19 0 Ia salt3-nir 554.0 4 1.85 1.79 ± 0.26
AT 2022aeis 0 100 0 II snana-2007lj 87.2 5 1.771 1.771
AT 2022aewd 0 100 0 II snana-2006iw 2.5 5 1.766 1.766
AT 2022aeit 100 0 0 Ia salt3-nir 27.7 5 1.688 1.688
AT 2022aewe 6 93 1 II snana-2007ld 1.4 4 1.56 1.62 ± 0.07
AT 2022aewf 0 100 0 II snana-2006iw 1.2 5 1.567 1.567
AT 2022aewg 0 100 0 II snana-2006iw 6.7 4 1.40 1.42 ± 0.11
AT 2022aewh 0 100 0 II snana-2006jl 2.8 5 1.415 1.415
AT 2022aewi 27 16 57 Ibc snana-2006ep 59.2 4 1.18 1.36 ± 0.21
AT 2022aewj 0 100 0 II snana-2007ms 3.1 5 1.294 1.294
AT 2022aewk 0 100 0 II snana-2007lx 8.5 5 1.244 1.244
AT 2022aewl 0 100 0 II snana-2007lz 5.5 5 1.114 1.114
AT 2022aewm 0 100 0 II snana-2007kw 1.4 4 1.094 1.094
AT 2022aeiv 0 100 0 II snana-2007kw 35.5 4 0.996 0.996
AT 2022aewn 0 100 0 II snana-2007lz 3.0 4 0.953 0.953
AT 2022aewo 0 100 0 II snana-2006gq 19.3 3 0.669 0.669
AT 2022aewp 25 40 35 II snana-2007ll 0.7 3 0.669 0.669
AT 2022aeiw 0 100 0 II snana-2007ld 4.9 3 0.665 0.665
AT 2022aewq 42 53 5 II snana-2006jl 0.8 3 0.665 0.665
AT 2022aewr 15 85 0 II snana-2007pg 2.5 2 0.540 0.540
AT 2022aews L L L L L L L L L
AT 2022aewt L L L L L L L L L
Marginal Detections
AT 2022aewua 67 11 22 Ibc snana-sdss014475 4.8 3 3.913 3.913
AT 2022aewv 0 100 0 II snana-2007iz 2.5 4 2.29 2.67 ± 0.20

Note. Same notes as Table 7.
a Indicates P(Ia) has highest probability value but SN Ia fit is unphysical.
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5.1.2. AT 2023adta: Type Ic-BL at zspec = 2.83

The left-side panel of Figure 13 shows the best-fit light curve
for AT 2023adta, which resides in host galaxy JADES-GS
+53.13533-27.81457, in F115W, F150W, F200W, F277W,
F356W, and F444W. The light curve shows best-fit model
snana-2004gv, which corresponds to an SN Ib/c, at
z= 2.83. AT 2023adta is near peak in Epochs3, 4, 5.1, 5.2,
and 5.3, and all of the measured photometry points are within
1σ of the best-fit model curve, so the SN Ib/c light-curve
classification is robust. Light-curve fitting alone cannot discern
between Type Ib and Type Ic SNe (M. R. Drout et al. 2011;
F. Taddia et al. 2018). However, a spectrum was taken of AT
2023adta near its peak brightness as part of DDT Program
6541, and AT 2023adta is spectroscopically confirmed as a
Type Ic-BL SN at z= 2.83. See M. R. Siebert et al. (2024) for a
full analysis of AT 2023adta and its spectrum. AT 2023adta

is the highest-redshift spectroscopically confirmed Type Ic-
BL SN.

5.1.3. AT 2023adsv: Type IIP at zspec = 3.61

The right panel of Figure 13 shows the best-fit light curve for
AT 2023adsv, which belongs to host JADES-GS+53.16439-
27.83877, in F150W, F200W, F277W, F335M, F356W, and
F444W. The best-fit model is snana-2006kv, which is an
SN IIP model, and the redshift is z= 3.61. All of the data
points fall within 1σ of the best-fit model curve, making the SN
IIP classification robust. AT 2023adsv was also targeted by
NIRSpec with DDT Program 6541, and it was spectro-
scopically confirmed to be at z= 3.61 based on host-galaxy
features in the spectrum. See D. Coulter et al. (2025) for a
complete analysis of AT 2023adsv and its spectrum.

Figure 12. SN Ia SALT3-NIR light-curve fit at z = 2.90 for AT 2023adsy in F200W, F277W, F335M, F356W, F410M, and F444W. The bottom (top) x-axis is shown
in observer-frame (rest-frame) days since peak brightness (minus 60241.4 in the observer frame). The left (right) y-axis shows apparent (absolute) magnitudes. The
circles show measured PSF photometry for AT 2023adsy and circles with downward arrows indicate 2σ upper limits. The thick dashed line shows the SALT3-NIR fit
with ±1σ error bars as the shaded region.
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5.1.4. AT 2022aevn: Type Ib/c at zphot ≈ 3.6 and Not a Superluminous
Supernova

AT 2022aevn is an SLSN candidate due to its position on the
F150W versus F150W – F444W CMD shown in the bottom-
left panel of Figure 10. Figure 14 shows AT 2022aevn in the
Epoch1, Epoch2, and respective difference images in F115W,
F150W, and F356W. As expected from a young SLSN,
AT 2022aevn is quite blue. It clearly appears in the SW
difference images, but it is not detected in the F356W or
F444W difference images, and its F277W magnitude is only
mF277W= 30.78± 0.35.

We assign the galaxy directly below AT 2022aevn as the
host (JADES-GS+53.15375-27.82513; see Figure 14), which
has zphot= 3.58 (z-rank= 2). However, there is emission in the
Epoch2 images at AT 2022aevnʼs location. This could either be
galaxy emission or SN emission, or a combination of both.
Assuming this is host emission, we performed galaxy SED

fitting at AT 2022aevnʼs location with photometry measured
from the Epoch2 science images (z-rank= 3) to determine if
AT 2022aevn occurred within a faint lower-redshift host at AT
2022aevnʼs position. This SED fitting yielded zphot= 3.37,
which is roughly consistent with the redshift of the assigned
host. Regardless of the host assignment, AT 2022aevn qualifies
as an SLSN candidate based its location in the F150W versus
F150W – F444W CMD since both host-galaxy possibilities
are z> 3.
There is the possibility that AT 2022aevn appears in both the

Epoch1 and Epoch2 F356W and F444W images without any
significant change in brightness, so it is undetected in the
F356W and F444W difference images. AT 2022aevn becomes
redder from Epoch1 to Epoch2, and 1 yr in the observed frame
is ∼80 days in the rest frame at z∼ 3.5, so there is a chance that
the SN can be ∼28–29 mag in F356W and F444W. The source
of the Epoch1 and Epoch2 LW emission remains unclear.

Figure 13. Best-fit light curves for AT 2023adta (left) and AT 2023adsv (right), where the bottom (top) x-axis is shown in observer-frame (rest-frame) days minus the
time of peak brightness (in MJD). The left (right) y-axis shows the apparent (absolute) magnitudes. Both the rest-frame days and absolute magnitudes assume the best-
fit model redshift. The measured PSF photometry is shown as circles and 2σ upper limits are shown as circles with arrows. The thick dashed lines show the best-fit
model with ±1σ error bars as the shaded region, and the faint solid lines show the other models of the same SN type as the best-fit model with χ2/DOF � 50. Left: the
best-fit light curve for AT 2023adta in F115W, F150W, F200W, F277W, F356W, and F444W. The best-fit model, snana-2004gv, is an SN Ib/c model at z = 2.83.
Right: the best-fit light curve for AT 2023adsv for F150W, F200W, F277W, F335M, F356W, and F444W. The best-fit model, snana-2006kv, is a Type IIP SN
(SN IIP) model at z = 3.61.
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Figure 15 shows AT 2022aevnʼs Epoch1 – Epoch2 differ-
ence photometry SED (left) and light curve (right). AT
2022aevnʼs Epoch1 color and magnitudes are consistent with
a very young SLSN. However, if AT 2022aevn were a very
young SLSN, it would be significantly brighter in Epoch2 than
in Epoch1, which is not observed. AT 2022aevn appears to be
faintly visible in F200W in Epoch2 and may be visible in
F356W and F444W. However, it clearly does not brighten
in any filter between Epoch1 and Epoch2, so the SLSN

classification is ruled out. AT 2022aevnʼs light curve is best fit
by the snana-04d1la model, which is an SN Ib/c model.
The best-fit redshift is z= 3.44, which agrees with the assigned
host redshift of zphot= 3.58± 0.14. The light curve indicates
that AT 2022aevn is a young blue SN Ib/c, but this is not a
robust classification because it is based on just one epoch of
difference image photometry. There is also a possibility that it
is some non-SN hot blue object, but that analysis is beyond the
scope of this paper.

Figure 14. Images of AT 2022aevn, which belongs to host galaxy JADES-GS+53.15375-27.82513. The top (middle) row shows F115W, F150W, and F356W single-
filter images and three-color image of the Epoch2 (Epoch1) data. The bottom row shows the respective difference images for each filter. AT 2022aevn clearly appears
in each SW filter’s difference image but is undetected in the F356W and F444W difference images, making it very blue. At zphot = 3.58, which is the redshift of the
host galaxy directly below AT 2022aevn, AT 2022aevn falls in the SLSN regime of the F150W vs. F150W – F444W CMD (see Figure 10).
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5.1.5. AT 2022aewb: Type II at zphot = 2.0 That Remained Visible
over 1 yr

AT 2022aewb, which resides in host galaxy JADES-GS
+53.14729−27.81047, is another interesting source in the
JADES-SN-22 sample, as it is very bright in Epoch1 and
continues to be visible in Epoch2 and all of the follow-up epochs.
Because of its maintained brightness (only a factor of 4–5 fading
over 1 yr in the observer’s frame), we measured PSF photometry
from the science images rather than the difference images and
attempted to perform multiepoch light-curve fitting with this
photometry. However, the CCSN models could not fit the follow-
up epoch data because the median duration of the CCSN models
is ∼80 rest-frame days and the maximum duration is ∼140
rest-frame days. At zphot= 2.00 (z-rank= 3 host redshift), AT
2022aewb remained visible for at least ∼150 rest-frame days
(5 months in rest frame; 15 months in the observer frame). We
thus do not list SNCosmo classification results for AT 2022aewb.
However, AT 2022aewb is likely an SN II because it stayed
visible for such a long period of time, and it does not appear to be
bright enough to be an SLSN candidate.

5.2. Other Variable Sources

There are nine sources in the JADES Deep Field that show
signs of variability but are likely not SNe. Their positions and
the reason for their exclusion from the SN sample are listed in
Table 9.
We note that the source at (03:32:38.8660, −27:47:13.465)

was reported by M. J. Hayes et al. (2024) as a z> 6 variable
AGN candidate (object 1052123 in their work). This source
fades in Epoch2 but rebrightens in Epoch4, and therefore we
removed it from our SN sample. We took a spectrum of this
object as part of DDT Program 6541. Although the S/N is low,
the spectrum does not seem to match any SN, galaxy, or AGN
template at z; 5–7. On the contrary, the latest JADES
NIRCam SED of this object can be fit with a late-type star at
z∼ 0, which could be intrinsically variable. We also note that
the significance of other z> 6 variable sources in M. J. Hayes
et al. (2024) do not pass our selection criteria.
Any additional analysis of our excluded, non-SN variable

sources (e.g., AGN activities) is beyond the scope of this paper.

Figure 15. Epoch1 – Epoch2 difference photometry SED (left) and light curve (right) for AT 2022aevn. Left: AT 2022aevnʼs Epoch1 SED displays its very blue
color, peaking in F150W and undetected at wavelengths > 3 μm. Right: AT 2022aevnʼs light curve, with measured PSF photometry shown as circles, 2σ upper limits
shown as circles with arrows, the best-fit model (snana-04d1la, SN Ib/c at z = 3.44) shown as the thick dashed lines with ±1σ errors (shaded region), and the
other SN Ib/c models shown as faint solid lines. We show the light curves for F150W, F200W, F277W, F335M, F356W, and F444W. The best-fit curve indicates that
AT 2022aevn is a blue prepeak SN Ib/c. However, this classification is based on just one epoch of difference image photometry, so it is not a robust classification.
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5.3. Implications of Supernovae Misclassified as z∼ 16 Galaxy
Candidates

The discovery that two z∼ 16 galaxy candidates were
actually transient events (or galaxies hosting transient events)
has important implications for high-redshift galaxy surveys.28

With only one deep imaging epoch, it is often difficult to
discern real compact high-redshift galaxy candidates from faint
transient events. One of the three z> 15 galaxy candidates in
K. N. Hainline et al. (2024) that fall within the JADES Deep
Field is a transient interloper (AT 2022aews; see object
JADES-GS-53.12692-27.79102 in their Figure 8 for the z∼ 16
galaxy SED fit), resulting in a transient contamination rate of
1/3. The other two z> 15 galaxy candidates do not show any
sign of brightness variability.

Note that another z∼ 16 galaxy candidate that turned out to
be a transient (AT 2022aevk) is not formally part of this z> 15
galaxy sample, as K. N. Hainline et al. (2024) rejected this
source due to 4σ emission in F090W (see object JADES-GS-
53.20055-27.78493 in their Figure 11 for the z∼ 16 SED fit).
This indicates that it is possible to discern between high-
redshift galaxy candidates and SNe if the SW data are
sufficiently deep because the SNe do not drop out as fast with
wavelength as Lyman-break galaxies. In practice, however,
many surveys do not have adequate depth in the dropout filters
to rule out SNe.

The timescale for brightness variation increases as (1+ z) in
the observer’s frame due to the cosmological time dilation. A
sufficiently long time baseline is needed to recognize slowly
varying high-redshift transient events, which could be mistaken
as galaxies at extremely high redshift based on a single-epoch
observation because of their faintness in the SW bands. In the
case of the JADES Transient Survey, the two main imaging
epochs are separated by 1 yr, allowing high-redshift transients
sufficient time to fade significantly (∼4 months at z∼ 2 and ∼2
months at z∼ 5 in the SN rest frame).

With faint LW transient events possibly contaminating the
high-redshift galaxy candidate sample, we risk overestimating
the galaxy abundance at high redshift if we base our analysis
solely on single-epoch data. Although the level of such SN
contamination is thought to be small (∼10% at z> 11
according to H. Yan et al. 2023b), it may become more
significant in the sample of the highest-redshift galaxies (e.g.,
z> 15) as our study seems to indicate. Since reaching
comparable depth in multiepoch data is very expensive, it is

important to explore ways to distinguish high-redshift galaxy
candidates and transient events with single-epoch data (e.g.,
H. Yan et al. 2023b).
In this regard, we also note that although K. N. Hainline

et al. (2024) present AT 2022aews as a candidate at z> 15,
they caution that its colors are consistent with a lower-redshift
solution. AT 2022aews is a bright source with some
morphology seen in the individual images in the filters, and
its SED is fairly red from 2 to 5 μm, which is unexpected for a
high-redshift galaxy (Figure 8 in K. N. Hainline et al. 2024).
These are some key indicators that a z> 15 galaxy candidate
may instead be a transient interloper.
The discovery of these z∼ 16 galaxy interlopers also raises

the question of how much the observed galaxy SEDs are
affected by transient phenomena in general. At high redshift,
SN rates are expected to increase due to enhanced star-forming
activities in galaxies and potentially more top-heavy IMFs due
to lower metallicities and higher gas temperature, partially
heated by the cosmic microwave background. SN emission also
will remain for longer periods of time due to time dilation.
Since these two z∼ 16 galaxy interlopers are spatially

compact, the possibility remains that what we are seeing may
be the light from slowly fading high-redshift SNe from 2022 to
2023. Important future work involves conducting a systematic
search of high-redshift galaxies (e.g., z� 5) to determine if
JWST has the capability of detecting point-like variability at
such high redshift. This will provide information about SN
rates at even higher redshift, and may lend clues for how to
discern genuinely high-redshift transient events from those in
lower-redshift interlopers.

5.4. Assessing Supernovae Masquerading as High-redshift
Galaxies

To further probe the population of SNe that may masquerade
as high-redshift galaxies, we explore the color–color space of
theoretical SN Ia, SN IIP, and SN Ib/c phase tracks relative to
the color–color space occupied by F115W and F150W dropout
galaxies in Figure 16. F115W dropouts comprise z∼ 8.5–12
galaxies and F150W dropouts comprise z∼ 12–16 galaxies.
The F150W dropout color–color space is F150W – F200W
versus F200W – F356W and the F115W dropout color–color
space is F115W – F150W versus F150W – F277W. Red dashed
lines indicate the color–color space where F150W and F115W
dropout galaxies are selected, and the selection criteria are
adopted from L. Whitler et al. (2025). The gray contours show
the color–color space occupied by bright JADES galaxies
(S/N> 20 in nondropout filters). SN phase tracks are colored

Table 9
Other Variable Sources

R.A. Decl. Reason for Exclusion from SN Sample

03:32:44.4863 −27:46:42.018 Brightens then fades below initial brightness; SED fitting indicates AGN presence
03:32:38.8660 −27:47:13.465 Fades then rebrightens; DDT-6541 spectrum does not match SN spectrum
03:32:43.2401 −27:49:14.452 Fades then rebrightens; variability directly over galactic core; previously identified AGN
03:32:41.8760 −27:44:00.214 Variability directly over galactic core; previously identified AGN
03:32:38.5752 −27:49:09.357 Fades then rebrightens; SED fitting indicates AGN presence
03:32:38.6035 −27:45:00.285 Variability directly over galactic core
03:32:27.4456 −27:48:25.316 SED fitting indicates AGN presence
03:32:37.5294 −27:47:56.522 Host is obscured MIRI AGN
03:32:43.3201 −27:49:47.317 SED fitting indicates AGN presence

28 There was also an earlier discovery of a probable SN reported with the HST
HUDF data that could have been misidentified as a z ∼ 7 “z-band dropout”.
The source, zD0, is reported in A. J. Bunker et al. (2010).
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by redshift (see color bars), and the phase track start (end) is
indicated by black squares (black diamonds).

For SNe Ia, we show phase tracks for two types of surveys: a
JADES-like deep survey (mF150W= 30.53, mF200W= 30.42,
and mF356W= 30.84; the top-left panel) and a COSMOS-Web-
like wide survey (mF115W=mF150W=mF277W= 28; the top-
right panel). For SNe IIP and Ib/c, we only show phase tracks
for a JADES-like deep survey (the bottom-left and -right
panels, respectively) because these types of SNe are fainter
than SNe Ia and will not produce the colors of high-redshift
dropout galaxies in a shallower-depth (∼28 mag) survey.

Note that when the model-predicted apparent magnitudes are
fainter than the detection limits, those limits are used to
calculate the colors shown in Figure 16. This means that when

the model SN is faint, our ability to measure its dropout color
(i.e., F115W – F150W or F150W – F200W) is limited by these
detection limits and not by the intrinsic color. For example,
Figure 16 shows a trend that higher-redshift SNe become bluer
at later phases in the dropout colors (i.e., phase tracks turn
downward after reaching the reddest dropout color). This does
not mean that these SNe are becoming bluer intrinsically, but
indicates that their overall fading is reducing the brightness
contrast between the dropout and detection bands.
It is worth noting that AT 2022aews and AT 2022aevk, the two

SNe masquerading as z∼ 16 galaxy candidates in this paper,
would not have been selected as either F150W or F200W
dropouts according to the color–color selection criteria used in
L. Whitler et al. (2025). This implies that color–color selection

Figure 16. Color–color plots showing F150W dropout galaxy and F115W dropout galaxy selection regions (red dashed lines; L. Whitler et al. 2025) overlaid with SN
Ia (top), SN IIP (bottom left), and SN Ib/c (bottom right) phase tracks. We assume JADES-like detection limits for the F150W dropout plots (mF150W = 30.53,
mF200W = 30.42, and mF356W = 30.84) and COSMOS-Web-like detection limits for the F115W dropout plot (mF115W = mF150W = mF277W = 28). The gray contours
show the distribution of bright JADES galaxies (S/N > 20 in nondropout filters), and the SN phase track colors indicate the SN redshift as dictated by the color bars.
Black squares indicate the start of the SN phase track and black diamonds indicate the phase track end. Top left: F150W – F200W vs. F200W – F356W plot showing
F150W dropout selection criteria overlaid with SN Ia (x1 = 0.0, c = 0.0) phase tracks starting 10 days prepeak and ending 50 days postpeak. We show SNe Ia from
z = 3 to z = 5.0. Top right: F115W – F150W vs. F150W – F277W plot showing F115W dropout selection criteria overlaid with SN Ia (x1 = 0.0, c = 0.0) phase
tracks starting 10 days prepeak and ending 50 days postpeak. We show SNe Ia from z = 2 to z = 3.2. Bottom left: F150W – F200W vs. F200W – F356W plot
showing F150W dropout selection criteria overlaid with SN IIP (E(B − V) = 0.0) phase tracks starting at 40 days postexplosion and ending 150 days postexplosion.
We show SNe IIP from z = 3.0 to z = 4.5. Bottom right: F150W – F200W vs. F200W – F356W plot showing F150W dropout selection criteria overlaid with SN Ib/c
(E(B − V) = 0.0) phase tracks starting 40 days postexplosion and ending 150 days postexplosion. We show SNe Ib/c from z = 3 to z = 4.5.
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criteria should be applied in addition to the SED-fitting-based
selection criteria outlined in K. N. Hainline et al. (2024) to select
high-redshift galaxy candidates more robustly.

5.4.1. Type Ia

We show SN Ia phase tracks (x1= 0.0, c= 0.0) in the top
panels of Figure 16, with F150W dropout criteria shown in the
top-left panel and F115W dropout criteria shown in the top-right
panel. The SN phase tracks, generated from the SALT3-NIR
model (J. D. R. Pierel et al. 2022), are shown from 10 days
prepeak to 50 days postpeak. z≈ 3.5–5 SNe Ia enter the F150W
dropout selection region and z≈ 2.5–3.0 SNe Ia enter the F115W
dropout selection region. While we display SN Ia tracks with
x1= 0 and c= 0, there are other combinations of x1 and c
parameters whose model phase tracks enter the F150W and
F115W dropout regions.

The highest-redshift SN Ia discovered thus far is AT
2023adsy at z= 2.90 (J. D. R. Pierel et al. 2024c), and we
are unsure of the highest redshift at which SNe Ia exist (such
that the white dwarf progenitor has sufficient time to form). It is
thus unclear how large of a risk the z> 3 SNe Ia pose to single-
epoch high-redshift galaxy surveys.

5.4.2. Type IIP

We show SN IIP phase tracks (E(B − V)= 0.0) with
F150W dropout criteria in the bottom-left panel of Figure 16.
The SN phase tracks, generated from the “nugent-sn2p” model
(R. L. Gilliland et al. 1999), are shown from 40 days
postexplosion to 150 days postexplosion, and the peak B-band
absolute magnitude is set to −18 AB mag. If the E(B − V)
parameter is set to higher values, the SN phase tracks either
barely enter or do not enter the F150W dropout selection
region at any phase or redshift. The SN IIP tracks with
E(B − V)= 0.0 and z≈ 3.5–4.0 just barely enter the F150W
dropout selection region at a variety of phases. Based on this
plot, deep surveys like JADES are just barely susceptible to
mistaking z≈ 3.5–4.0 SNe IIP as F150W dropout galaxies.
Notably, we performed this analysis for F115W dropouts with
an mF115W= 28 detection limit to mimic shallower surveys, but
the SN IIP tracks did not enter the F115W dropout selection
area at any redshift, phase, or dust value.

5.4.3. Type Ib/c

We show SN Ib/c phase tracks (E(B − V)= 0.0) with
F150W dropout criteria in the bottom right panel of Figure 16.
The SN phase tracks, generated from the “nugent-sn1bc”
model (A. Levan et al. 2005), are shown from 40 days
postexplosion to 150 days postexplosion, and the peak B-band
absolute magnitude is set to −18 AB mag. Like the SNe IIP, if
the E(B − V) parameter is set to higher values, the SN phase
tracks either barely enter or do not enter the F150W dropout
selection region at any phase or redshift. The SN Ib/c tracks
with E(B − V)= 0.0 and z≈ 3.5–4.2 enter the F150W dropout
selection region at a variety of phases. Surveys with depths
similar to JADES may mistake z≈ 3.5–4.2 SNe Ib/c as F150W
dropout galaxies. We generated similar plots for F115W
dropouts with an mF115W= 28 detection limit and found that
SNe Ib/c do not resemble F115W dropouts at any redshift,
phase, or dust value. Thus, shallower surveys are not
susceptible to mistaking SNe Ib/c as F115W dropouts.

6. Conclusions

The JADES Transient Survey is the deepest systematic
transient/SN search with JWST/NIRCam targeting the nine-
band multiepoch JADES Deep Field. It covers ∼25 arcmin2

and has a depth of ∼30 mag. We discovered transients by
differencing the Epoch1 and Epoch2 images and searching for
point-like sources of emission. For a subset of the SNe, we had
1–4 multiband follow-up NIRCam epochs to build light curves
(where Epochs5.1–5.3 are considered one epoch). Here, we
summarize the main conclusions from the JADES Transient
Survey.

1. The sample we have presented contains 79 SNe in the
JADES Deep Field, 34 of which brightened between
Epoch1 and Epoch2 and 45 of which faded between
Epoch1 and Epoch2. There are four additional marginally
detected SNe that are listed in the paper but not included
in the main statistical sample. This sample contains many
of the highest-redshift SNe: 23 at 2< z< 3, eight at
3< z< 4, and seven at 4< z< 5. The difference images
clearly show emission down to ∼30 mag, exemplifying
JWST’s ability to detect distant SNe as well as SNe in
dusty regions close to the galaxy centers. Previous SN
surveys with HST probed only to z∼ 2 and
mF160W∼ 26.7 (N. A. Grogin et al. 2011), so JWST is
exploring new redshift and magnitude space for SNe. We
adopt the host redshifts as the SN redshifts, ∼59% of
which are spectroscopic redshifts, ∼23% of which are
robust photometric redshifts, and ∼14% of which are
photometric redshifts whose SEDs may suffer from SN
contamination. We were unable to determine the redshift
for ∼4% of the SNe.

2. At a depth of ∼30 AB mag, the SN detection rate is
∼1–2 arcmin–2 per observer-frame year, demonstrating
JWST’s ability to discover SNe essentially anywhere it
looks.

3. We have 1–4 follow-up NIRCam observations for the
majority of the JADES-SN-23 SNe, which allowed us to
build light curves and attempt to classify their SN type.
We had to rely on single-epoch light-curve fitting for the
JADES-SN-22 sources. With varying levels of confi-
dence indicated by the best-fit model’s χ2/DOF, we
classified 40 of the 45 JADES-SN-22 sources and 30 of
the 34 JADES-SN-23 sources. The JADES-SN-22
sample contains nine SN Ia, five SN Ib/c, and 26 SN II
candidates, and the JADES-SN-23 sample contains two
SN Ia, eight SN Ib/c, and 20 SN II candidates. The best-
fit SN redshifts generally agree well with the associated
host-galaxy redshifts.

4. The sample includes a spectroscopically confirmed SN Ia
at z= 2.90 (AT 2023adsy; J. D. R. Pierel et al. 2024c), a
spectroscopically confirmed Type Ic-BL SN at z= 2.83
(AT 2023adta; M. R. Siebert et al. 2024), and an SN IIP
at zspec= 3.61 (AT 2023adsv; D. Coulter et al. 2025). AT
2023adsy and AT 2023adta are the highest-redshift
spectroscopically confirmed SNe of their respective
types, emphasizing the groundbreaking nature of the
JADES-SN-23 and JADES-SN-22 samples. Additionally,
AT 2023adsv is the highest-redshift SN IIP discovered
thus far.
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5. Two Epoch1 z∼ 16 galaxy candidates are actually
transients that faded at LW in Epoch2. We treat them
as SNe, but there is a possibility that they are some other
type of isolated transient events. This result exemplifies
how multiepoch surveys can identify interlopers in high-
redshift galaxy surveys, as transients can mimic high-
redshift galaxies when they are compact and lack SW
emission.

The overwhelming result from this paper is that JWST is an
SN discovery machine. JWST opens up an entirely new
redshift regime for SN discovery, which allows the possibility
of finding more exotic SNe, such as Population III SNe that are
expected to exist at high redshift. It is essential to take
advantage of JWST’s power to discover SNe and plan
additional high-redshift transient surveys to add to our sample
of JWST transients and SNe.
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Appendix A
JADES-SN-22 and JADES-SN-23 Photometry

Table 10 shows the JADES-SN-23 Epoch2 – Epoch1
photometry. Table 11 shows the JADES-SN-22 Epoch1 –

Epoch2 photometry. Tables 12–16 show, respectively, the
JADES-SN-23 Epoch3 – Epoch1, Epoch4 – Epoch1, Epoch5.1
– Epoch1, Epoch5.2 – Epoch1, and Epoch5.3 – Epoch1
photometry. We list 2σ upper limits for nondetections.
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Table 10
JADES-SN-23 Epoch2 – Epoch1 Supernova Photometry

ID F090W F115W F150W F200W F277W F335M F356W F410M F444W
(AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag)

AT 2023adss >30.25 >30.57 >30.53 >30.42 29.35 ± 0.16 28.99 ± 0.18 28.59 ± 0.09 28.40 ± 0.12 28.43 ± 0.11
AT 2023adst >30.25 >30.57 >30.53 >30.42 29.88 ± 0.18 29.00 ± 0.14 29.39 ± 0.14 29.61 ± 0.28 29.84 ± 0.30
AT 2023adsu >30.25 >30.57 >30.53 30.41 ± 0.25 29.67 ± 0.14 29.47 ± 0.21 29.73 ± 0.19 29.51 ± 0.27 29.45 ± 0.23
AT 2023adsv >30.25 29.78 ± 0.10 28.70 ± 0.06 28.04 ± 0.05 27.89 ± 0.04 27.94 ± 0.06 27.91 ± 0.05 28.02 ± 0.08 27.99 ± 0.07
AT 2023adsw >30.25 >30.57 >30.53 30.11 ± 0.20 29.15 ± 0.09 28.90 ± 0.12 29.26 ± 0.13 29.09 ± 0.17 29.44 ± 0.22
AT 2023adsx >30.25 >30.57 >30.53 30.15 ± 0.17 29.24 ± 0.09 29.67 ± 0.19 29.18 ± 0.10 28.96 ± 0.13 29.36 ± 0.16
AT 2023adsy >30.25 >30.57 >30.53 28.98 ± 0.09 28.27 ± 0.05 28.00 ± 0.07 28.09 ± 0.05 28.07 ± 0.08 28.07 ± 0.07
AT 2023adsz >30.25 >30.57 30.10 ± 0.11 29.52 ± 0.09 28.92 ± 0.06 28.76 ± 0.08 28.75 ± 0.07 28.54 ± 0.08 28.87 ± 0.10
AT 2023adta >30.25 29.65 ± 0.10 29.11 ± 0.08 28.54 ± 0.07 28.91 ± 0.09 28.60 ± 0.12 28.69 ± 0.09 29.19 ± 0.21 29.31 ± 0.21
AT 2023adtb >30.25 >30.57 29.88 ± 0.11 29.60 ± 0.10 29.71 ± 0.11 29.84 ± 0.21 29.73 ± 0.14 29.78 ± 0.23 30.40 ± 0.34
AT 2023adtc 29.52 ± 0.11 29.69 ± 0.10 29.83 ± 0.14 29.69 ± 0.14 30.47 ± 0.27 >30.30 30.32 ± 0.29 >30.24 30.18 ± 0.38
AT 2023adtd >30.25 >30.57 29.86 ± 0.16 28.00 ± 0.11 27.77 ± 0.03 27.35 ± 0.03 27.47 ± 0.03 27.43 ± 0.04 27.61 ± 0.04
AT 2023adte >30.25 29.59 ± 0.07 28.25 ± 0.04 27.97 ± 0.04 27.92 ± 0.04 28.01 ± 0.07 28.09 ± 0.06 28.04 ± 0.07 28.05 ± 0.06
AT 2023adtf 29.77 ± 0.15 29.16 ± 0.09 28.64 ± 0.07 L 29.07 ± 0.08 29.27 ± 0.17 29.09 ± 0.10 29.44 ± 0.23 29.46 ± 0.20
AT 2023adtg >30.25 30.35 ± 0.17 29.05 ± 0.09 28.69 ± 0.07 28.96 ± 0.10 28.65 ± 0.11 28.92 ± 0.11 29.28 ± 0.23 29.18 ± 0.19
AT 2023adth >30.25 30.09 ± 0.16 28.70 ± 0.07 28.31 ± 0.06 28.22 ± 0.06 28.34 ± 0.10 28.58 ± 0.10 28.50 ± 0.13 28.30 ± 0.10
AT 2023adti >30.25 29.82 ± 0.11 28.56 ± 0.05 27.78 ± 0.04 27.84 ± 0.03 27.83 ± 0.05 27.81 ± 0.04 28.10 ± 0.06 28.03 ± 0.05
AT 2023adtj >30.25 >30.57 >30.53 29.61 ± 0.16 29.18 ± 0.13 28.82 ± 0.17 28.70 ± 0.11 29.82 ± 0.42 29.38 ± 0.25
AT 2023adtk >30.25 30.14 ± 0.20 28.87 ± 0.10 28.29 ± 0.08 28.71 ± 0.14 30.28 ± 0.75 28.69 ± 0.18 >30.24 >30.44
AT 2023adtl 29.65 ± 0.11 28.63 ± 0.04 27.82 ± 0.03 27.40 ± 0.03 27.30 ± 0.03 27.39 ± 0.04 27.39 ± 0.03 27.40 ± 0.04 27.52 ± 0.04
AT 2023adtm >30.25 29.42 ± 0.09 27.63 ± 0.04 27.07 ± 0.04 26.97 ± 0.04 27.78 ± 0.14 28.05 ± 0.13 28.06 ± 0.20 27.60 ± 0.12
AT 2023adtn >30.25 >30.57 30.08 ± 0.24 28.73 ± 0.09 28.52 ± 0.09 28.58 ± 0.16 28.76 ± 0.12 28.62 ± 0.16 28.38 ± 0.11
AT 2023adto 27.15 ± 0.03 27.08 ± 0.02 27.13 ± 0.03 27.22 ± 0.03 27.59 ± 0.03 27.78 ± 0.06 27.83 ± 0.05 27.86 ± 0.07 28.01 ± 0.07
AT 2023adtp >30.25 >30.57 >30.53 30.25 ± 0.16 29.14 ± 0.10 28.63 ± 0.10 28.63 ± 0.08 28.95 ± 0.16 28.87 ± 0.14
AT 2023adtq 28.43 ± 0.05 27.21 ± 0.03 27.18 ± 0.03 27.32 ± 0.03 28.88 ± 0.08 28.43 ± 0.09 28.22 ± 0.06 28.37 ± 0.10 28.25 ± 0.08
AT 2023adtr >30.25 30.49 ± 0.23 28.69 ± 0.08 29.26 ± 0.14 29.72 ± 0.21 29.99 ± 0.45 29.89 ± 0.30 28.98 ± 0.23 28.57 ± 0.13
AT 2023adts >30.25 >30.57 >30.53 >30.42 30.07 ± 0.17 29.43 ± 0.15 29.29 ± 0.11 28.80 ± 0.10 28.92 ± 0.11
AT 2023adtt L L L L 27.39 ± 0.05 27.63 ± 0.09 27.59 ± 0.07 27.44 ± 0.08 27.51 ± 0.06
AT 2023adtu 27.21 ± 0.03 26.80 ± 0.02 26.45 ± 0.02 26.57 ± 0.02 26.77 ± 0.02 27.00 ± 0.03 26.93 ± 0.02 27.19 ± 0.03 27.25 ± 0.03
AT 2023adtv >30.25 >30.57 30.28 ± 0.16 29.98 ± 0.13 29.93 ± 0.15 30.01 ± 0.25 30.80 ± 0.34 30.16 ± 0.33 30.09 ± 0.25
AT 2023adtw 30.15 ± 0.23 28.12 ± 0.05 26.53 ± 0.03 25.91 ± 0.03 26.29 ± 0.03 26.27 ± 0.05 26.18 ± 0.04 26.61 ± 0.05 26.86 ± 0.05
AT 2023adtx L L L L 27.46 ± 0.06 28.22 ± 0.17 27.79 ± 0.08 28.65 ± 0.20 27.99 ± 0.10
AT 2023adty 29.93 ± 0.19 29.50 ± 0.13 29.18 ± 0.11 L 29.02 ± 0.13 30.11 ± 0.45 29.97 ± 0.32 29.42 ± 0.29 29.51 ± 0.27
AT 2023adtz 29.61 ± 0.13 29.28 ± 0.08 28.76 ± 0.07 28.63 ± 0.06 28.62 ± 0.07 28.74 ± 0.11 29.20 ± 0.12 28.56 ± 0.12 29.12 ± 0.18
Marginal Detections
AT 2023adua >30.25 >30.57 30.28 ± 0.33 28.90 ± 0.12 29.33 ± 0.18 29.28 ± 0.26 29.30 ± 0.21 >30.24 29.63 ± 0.29
AT 2023adub 30.09 ± 0.25 28.89 ± 0.08 28.75 ± 0.10 28.27 ± 0.09 30.52 ± 0.79 27.79 ± 0.18 28.64 ± 0.28 28.94 ± 0.43 29.35 ± 0.47
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Table 11
JADES-SN-22 Epoch1 – Epoch2 Supernova Photometry

ID F090W F115W F150W F200W F277W F335M F356W F410M F444W
(AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag)

AT 2022aevg >30.25 >30.57 >30.53 >30.42 29.49 ± 0.14 29.27 ± 0.18 29.03 ± 0.12 29.42 ± 0.24 29.31 ± 0.21
AT 2022aevh >30.25 >30.57 >30.53 28.94 ± 0.06 27.74 ± 0.03 27.46 ± 0.04 27.56 ± 0.03 27.61 ± 0.04 27.56 ± 0.04
AT 2022aevi >30.25 >30.57 >30.53 >30.42 30.17 ± 0.15 30.08 ± 0.25 30.24 ± 0.22 >30.24 30.06 ± 0.24
AT 2022aevj >30.25 >30.57 >30.53 >30.42 29.78 ± 0.11 30.07 ± 0.25 29.73 ± 0.14 30.09 ± 0.28 30.05 ± 0.26
AT 2022aevk >30.25 >30.57 >30.53 >30.42 30.07 ± 0.15 29.74 ± 0.19 29.87 ± 0.16 30.00 ± 0.27 30.20 ± 0.31
AT 2022aevl >30.25 30.22 ± 0.43 29.14 ± 0.16 L 28.35 ± 0.08 L L 28.52 ± 0.16 29.30 ± 0.20
AT 2022aevm >30.25 >30.57 >30.53 30.30 ± 0.18 30.22 ± 0.19 30.24 ± 0.32 30.52 ± 0.31 >30.24 29.69 ± 0.19
AT 2022aevn 29.73 ± 0.13 29.32 ± 0.09 29.23 ± 0.09 29.35 ± 0.11 30.78 ± 0.35 >30.30 >30.84 >30.24 >30.44
AT 2022aevo >30.25 >30.57 29.86 ± 0.17 28.86 ± 0.10 28.31 ± 0.07 28.82 ± 0.18 28.74 ± 0.13 28.93 ± 0.25 29.14 ± 0.23
AT 2022aevp >30.25 >30.57 >30.53 29.04 ± 0.09 28.48 ± 0.07 27.80 ± 0.08 28.04 ± 0.07 27.97 ± 0.10 28.07 ± 0.09
AT 2022aevq >30.25 29.99 ± 0.09 28.64 ± 0.04 27.97 ± 0.03 27.79 ± 0.03 27.86 ± 0.05 27.81 ± 0.04 27.93 ± 0.05 27.92 ± 0.05
AT 2022aevr >30.25 >30.57 >30.53 >30.42 30.25 ± 0.15 >30.30 >30.84 >30.24 >30.44
AT 2022aevs >30.25 >30.57 >30.53 29.79 ± 0.18 29.24 ± 0.13 29.03 ± 0.19 28.89 ± 0.13 28.54 ± 0.14 28.60 ± 0.13
AT 2022aevt >30.25 >30.57 >30.53 >30.42 30.00 ± 0.15 29.10 ± 0.12 29.18 ± 0.11 29.28 ± 0.17 29.34 ± 0.16
AT 2022aevu >30.25 >30.57 >30.53 29.83 ± 0.17 29.24 ± 0.12 30.12 ± 0.36 29.09 ± 0.13 29.07 ± 0.20 29.04 ± 0.17
AT 2022aevv >30.25 29.47 ± 0.07 28.68 ± 0.05 28.32 ± 0.04 28.55 ± 0.07 L L 28.97 ± 0.20 28.45 ± 0.12
AT 2022aevw >30.25 >30.57 28.73 ± 0.06 28.08 ± 0.04 28.20 ± 0.06 28.66 ± 0.14 28.44 ± 0.09 28.59 ± 0.14 28.62 ± 0.12
AT 2022aevx >30.25 30.13 ± 0.10 28.76 ± 0.05 27.80 ± 0.03 27.16 ± 0.03 26.99 ± 0.04 26.92 ± 0.03 26.91 ± 0.04 26.99 ± 0.04
AT 2022aevy >30.25 >30.57 29.86 ± 0.15 29.81 ± 0.18 29.29 ± 0.11 29.42 ± 0.19 29.22 ± 0.13 29.56 ± 0.29 29.85 ± 0.30
AT 2022aevz >30.25 >30.57 >30.53 29.95 ± 0.14 29.68 ± 0.11 29.55 ± 0.16 29.82 ± 0.15 29.74 ± 0.22 29.75 ± 0.22
AT 2022aewa >30.25 >30.57 30.07 ± 0.17 30.17 ± 0.22 29.67 ± 0.14 >30.30 29.56 ± 0.16 29.16 ± 0.20 29.81 ± 0.28
AT 2022aewb 29.84 ± 0.08 28.79 ± 0.03 27.93 ± 0.03 27.15 ± 0.02 27.24 ± 0.02 27.14 ± 0.03 27.10 ± 0.02 27.28 ± 0.03 27.29 ± 0.03
AT 2022aewc >30.25 30.13 ± 0.53 28.79 ± 0.09 L 28.00 ± 0.10 28.99 ± 0.33 29.38 ± 0.16 29.52 ± 0.35 29.17 ± 0.22
AT 2022aeiu 27.94 ± 0.05 26.93 ± 0.02 26.67 ± 0.03 26.60 ± 0.02 26.67 ± 0.03 26.74 ± 0.03 26.77 ± 0.03 26.95 ± 0.04 26.91 ± 0.04
AT 2022aeis 26.40 ± 0.02 25.73 ± 0.02 25.27 ± 0.02 25.15 ± 0.02 25.28 ± 0.02 25.42 ± 0.02 25.43 ± 0.02 25.61 ± 0.03 25.69 ± 0.02
AT 2022aewd >30.25 30.42 ± 0.15 29.96 ± 0.12 29.78 ± 0.12 29.75 ± 0.12 30.21 ± 0.29 >30.84 >30.24 >30.4
AT 2022aeit 27.31 ± 0.03 26.46 ± 0.02 26.48 ± 0.02 26.74 ± 0.03 27.19 ± 0.03 27.49 ± 0.04 27.56 ± 0.03 27.83 ± 0.05 27.86 ± 0.05
AT 2022aewe >30.25 30.28 ± 0.15 29.37 ± 0.09 28.96 ± 0.08 29.12 ± 0.10 29.04 ± 0.16 29.28 ± 0.13 29.20 ± 0.18 29.38 ± 0.18
AT 2022aewf 28.31 ± 0.06 28.11 ± 0.05 27.94 ± 0.05 27.91 ± 0.06 28.15 ± 0.09 28.39 ± 0.20 28.10 ± 0.11 28.65 ± 0.25 28.73 ± 0.22
AT 2022aewg >30.25 29.14 ± 0.08 28.32 ± 0.05 28.03 ± 0.05 28.01 ± 0.05 28.73 ± 0.13 28.62 ± 0.09 28.31 ± 0.11 28.46 ± 0.12
AT 2022aewh >30.25 >30.57 30.48 ± 0.19 29.99 ± 0.16 30.02 ± 0.14 >30.30 30.34 ± 0.23 >30.24 30.01 ± 0.25
AT 2022aewi >30.25 >30.57 29.33 ± 0.10 29.34 ± 0.10 29.64 ± 0.16 30.16 ± 0.38 30.33 ± 0.31 >30.24 29.47 ± 0.22
AT 2022aewj >30.25 >30.57 29.69 ± 0.12 29.52 ± 0.13 30.03 ± 0.18 >30.30 29.73 ± 0.19 29.28 ± 0.19 29.33 ± 0.16
AT 2022aewk 29.20 ± 0.08 28.44 ± 0.04 28.08 ± 0.04 28.22 ± 0.06 27.69 ± 0.05 28.35 ± 0.15 28.16 ± 0.09 27.11 ± 0.06 27.26 ± 0.05
AT 2022aewl 29.30 ± 0.10 28.91 ± 0.06 29.00 ± 0.07 28.99 ± 0.08 29.72 ± 0.15 >30.30 >30.84 >30.24 >30.44
AT 2022aewm 29.78 ± 0.19 28.37 ± 0.06 27.85 ± 0.05 L 27.44 ± 0.05 27.63 ± 0.09 27.57 ± 0.06 27.62 ± 0.08 27.77 ± 0.08
AT 2022aeiv 27.32 ± 0.03 26.51 ± 0.02 26.13 ± 0.02 26.17 ± 0.03 26.45 ± 0.03 26.59 ± 0.06 26.64 ± 0.04 26.74 ± 0.06 26.99 ± 0.05
AT 2022aewn >30.25 >30.57 29.76 ± 0.19 27.90 ± 0.06 27.09 ± 0.05 26.89 ± 0.07 26.75 ± 0.04 26.94 ± 0.07 26.86 ± 0.05
AT 2022aewo 29.59 ± 0.15 28.36 ± 0.05 28.29 ± 0.06 28.24 ± 0.07 28.58 ± 0.10 28.05 ± 0.11 27.91 ± 0.08 27.17 ± 0.06 27.35 ± 0.05
AT 2022aewp 30.14 ± 0.23 29.83 ± 0.15 29.36 ± 0.13 29.48 ± 0.16 29.86 ± 0.26 30.23 ± 0.53 29.80 ± 0.29 29.42 ± 0.31 30.29 ± 0.54
AT 2022aeiw 27.47 ± 0.03 26.83 ± 0.02 26.53 ± 0.02 26.49 ± 0.02 26.78 ± 0.03 27.09 ± 0.05 27.01 ± 0.04 27.19 ± 0.05 27.26 ± 0.04
AT 2022aewq 29.61 ± 0.09 29.35 ± 0.06 29.11 ± 0.07 29.33 ± 0.09 29.66 ± 0.12 >30.30 30.31 ± 0.25 >30.24 >30.44
AT 2022aewr 29.83 ± 0.15 29.31 ± 0.08 29.16 ± 0.09 29.93 ± 0.18 29.63 ± 0.16 29.91 ± 0.31 29.73 ± 0.20 29.43 ± 0.26 30.29 ± 0.44
AT 2022aews >30.25 >30.57 >30.53 >30.42 29.95 ± 0.13 29.72 ± 0.18 29.73 ± 0.14 29.68 ± 0.20 29.75 ± 0.20
AT 2022aewt >30.25 >30.57 28.73 ± 0.05 28.06 ± 0.03 28.08 ± 0.04 28.06 ± 0.05 28.10 ± 0.04 28.02 ± 0.06 28.28 ± 0.06
Marginal Detections
AT 2022aewu >30.25 >30.57 >30.53 30.24 ± 0.25 29.40 ± 0.15 29.78 ± 0.37 29.75 ± 0.24 >30.24 30.15 ± 0.41
AT 2022aewv >30.25 >30.57 >30.53 30.00 ± 0.21 29.90 ± 0.21 29.72 ± 0.27 29.25 ± 0.14 29.55 ± 0.29 >30.44
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Table 12
JADES-SN-23 Epoch3 – Epoch1 Supernova Photometry

ID F090W F115W F150W F200W F277W F335M F356W F410M F444W
(AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag)

AT 2023adst >29.89 >30.30 >30.14 >30.24 29.98 ± 0.27 29.24 ± 0.23 29.37 ± 0.17 >29.53 29.66 ± 0.35
AT 2023adsw >29.89 >30.30 >30.14 29.88 ± 0.25 29.69 ± 0.23 29.19 ± 0.23 29.37 ± 0.18 29.16 ± 0.30 29.40 ± 0.33
AT 2023adsy >29.89 >30.30 >30.14 29.00 ± 0.12 28.41 ± 0.08 28.13 ± 0.09 28.45 ± 0.09 28.57 ± 0.17 28.21 ± 0.11
AT 2023adsz >29.89 >30.30 >30.14 29.64 ± 0.16 28.98 ± 0.12 29.42 ± 0.23 29.07 ± 0.13 28.58 ± 0.16 29.45 ± 0.25
AT 2023adta >29.89 29.73 ± 0.18 27.45 ± 0.05 26.53 ± 0.03 26.64 ± 0.03 26.52 ± 0.03 26.74 ± 0.03 26.86 ± 0.05 27.07 ± 0.05
AT 2023adti >29.89 >30.30 29.13 ± 0.12 28.22 ± 0.06 28.25 ± 0.07 27.95 ± 0.07 28.27 ± 0.07 28.92 ± 0.21 28.52 ± 0.13
AT 2023adtm >29.89 >30.30 28.44 ± 0.12 27.67 ± 0.08 26.42 ± 0.06 L 26.94 ± 0.11 L 26.46 ± 0.09
AT 2023adto 28.74 ± 0.10 27.35 ± 0.03 27.12 ± 0.03 27.13 ± 0.03 27.31 ± 0.04 27.51 ± 0.06 27.64 ± 0.05 27.73 ± 0.10 27.74 ± 0.08
Marginal Detections
AT 2023adua >29.89 >30.3 >30.14 >30.24 >30.30 ± >29.75 >30.26 >29.53 >29.76
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Table 13
JADES-SN-23 Epoch4 – Epoch1 Supernova Photometry

ID F115W F150W F200W F277W F356W F444W
(AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag)

AT 2023adss >28.88 >29.18 >29.32 >29.61 28.76 ± 0.23 28.67 ± 0.30
AT 2023adst >28.88 >29.18 >29.32 >29.61 29.24 ± 0.30 >29.02
AT 2023adsu >28.88 >29.18 >29.32 >29.61 >29.60 >29.02
AT 2023adsv >28.88 >29.18 28.43 ± 0.13 28.26 ± 0.13 28.08 ± 0.12 28.26 ± 0.21
AT 2023adsw >28.88 >29.18 >29.32 >29.61 28.85 ± 0.18 29.00 ± 0.34
AT 2023adsx >28.88 >29.18 >29.32 >29.61 >29.60 >29.02
AT 2023adsy >28.88 >29.18 28.85 ± 0.18 28.53 ± 0.15 28.48 ± 0.16 28.65 ± 0.29
AT 2023adsz >28.88 >29.18 >29.32 28.88 ± 0.19 29.47 ± 0.33 >29.02
AT 2023adta >28.88 27.63 ± 0.08 26.55 ± 0.04 26.57 ± 0.04 26.59 ± 0.05 26.92 ± 0.07
AT 2023adtb >28.88 >29.18 >29.32 29.14 ± 0.24 >29.60 >29.02
AT 2023adtc >28.88 >29.18 >29.32 >29.61 >29.60 >29.02
AT 2023adtd >28.88 >29.18 28.42 ± 0.13 28.16 ± 0.10 27.65 ± 0.09 27.92 ± 0.15
AT 2023adte >28.88 >29.18 28.86 ± 0.21 28.88 ± 0.28 >29.60 >29.02
AT 2023adtf >28.88 28.96 ± 0.29 29.10 ± 0.26 28.68 ± 0.12 28.99 ± 0.13 >29.02
AT 2023adth >28.88 28.70 ± 0.19 28.42 ± 0.16 28.55 ± 0.20 28.77 ± 0.26 28.76 ± 0.35
AT 2023adti >28.88 >29.18 28.20 ± 0.12 28.24 ± 0.13 28.45 ± 0.15 28.79 ± 0.30
AT 2023adtl >28.88 29.12 ± 0.25 28.62 ± 0.17 28.24 ± 0.12 27.68 ± 0.08 28.34 ± 0.23
AT 2023adtm >28.88 28.68 ± 0.20 27.72 ± 0.10 26.49 ± 0.07 27.39 ± 0.16 26.57 ± 0.11
AT 2023adto 27.50 ± 0.08 27.24 ± 0.06 27.16 ± 0.06 27.29 ± 0.06 27.76 ± 0.10 27.67 ± 0.14
AT 2023adtp >28.88 >29.18 >29.32 29.38 ± 0.28 28.59 ± 0.16 >29.02
AT 2023adts >28.88 >29.18 >29.32 29.43 ± 0.32 29.15 ± 0.27 >29.02
AT 2023adtw 28.34 ± 0.16 26.40 ± 0.05 26.56 ± 0.06 26.00 ± 0.06 26.62 ± 0.10 27.05 ± 0.14
Marginal Detections
AT 2023adua >28.88 >29.18 >29.32 >29.61 >29.60 >29.02

Table 14
JADES-SN-23 Epoch5.1 – Epoch1 Supernova Photometry

ID F200W F277W
(AB mag) (AB mag)

AT 2023adss >30.18 >30.34
AT 2023adst >30.18 29.75 ± 0.23
AT 2023adsv La La

AT 2023adsw 29.74 ± 0.20 29.06 ± 0.13
AT 2023adsx >30.18 >30.34
AT 2023adsy La 28.42 ± 0.09
AT 2023adsz 29.88 ± 0.24 29.23 ± 0.15
AT 2023adta 27.00 ± 0.03 26.78 ± 0.03
AT 2023adtb 29.75 ± 0.18 29.90 ± 0.23
AT 2023adtc >30.18 >30.34
AT 2023adtd 28.81 ± 0.10 28.09 ± 0.06
AT 2023adte 28.32 ± 0.08 28.62 ± 0.14
AT 2023adtf 28.59 ± 0.07 28.82 ± 0.10
AT 2023adti 28.51 ± 0.08 28.95 ± 0.11
AT 2023adtj >30.18 >30.34
AT 2023adtl 29.01 ± 0.13 28.51 ± 0.10
AT 2023adtm 28.15 ± 0.08 26.58 ± 0.05
AT 2023adto 27.05 ± 0.04 27.11 ± 0.04
AT 2023adtr 28.52 ± 0.12 27.70 ± 0.08
AT 2023adts >30.18 >30.34
AT 2023adtu 26.36 ± 0.03 26.62 ± 0.03
Marginal Detections
AT 2023adua >30.18 >30.34
AT 2023adub 28.65 ± 0.19 La

Note.
a Data dropped because source either too close to image edge or contaminated by subtraction residual.
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Appendix B
The JADES-SN-23 Sample

In Appendix B, we present figures showing (1) multiband
cutout NIRCam images (top), (2) multiepoch SEDs (lower
left), and (3) multiband light curves (lower right) for each of the
JADES-SN-23 sources. At the top of each figure, we show the
IAU ID (issued by TNS), redshift (spectroscopic zspec or
photometric zphot), and SN classification based on the light-
curve analysis. Figure 17 shows an example for AT 2023adss.

The panel of multiband images (top) displays NIRCam
images in three filters (from left to right in the order of
increasing wavelengths). For each filter, we show Epoch1
(middle), Epoch2 (top), and Epoch2 – Epoch1 images (bottom).
We also show three-color images for each epoch and the
difference image (the right column).

The SED plot (lower left) shows the PSF photometry
measured as described in Section 3.5 in units of nanojansky.
For sources covered by multiple epochs, we color code the
multiepoch SEDs by observer-frame days since the first SN
observation. The SED associated with the first SN observation
is always shown in lime green.
The light-curve plot (lower right) is presented only when (i)

the fitting converged to a solution and (ii) the χ2/DOF� 50 for
the best-fit model (i.e., the model listed in Table 7). See
Section 5.1 for more details. The y-axis on the left shows the
measured apparent AB magnitude while the y-axis on the right
shows the corresponding absolute AB magnitude calculated
with the best-fit model redshift (see Table 7). Observer-frame
days minus the mean MJD of peak brightness are shown on the
bottom x-axis while the top x-axis shows the corresponding

Table 15
JADES-SN-23 Epoch5.2 – Epoch1 Supernova Photometry

ID F150W F200W F277W F356W F444W
(AB mag) (AB mag) (AB mag) (AB mag) (AB mag)

AT 2023adss >29.31 >29.75 >29.44 29.37 ± 0.39 >28.89
AT 2023adst >29.31 >29.75 29.15 ± 0.26 28.80 ± 0.21 >28.89
AT 2023adsv >29.31 28.99 ± 0.15 28.27 ± 0.14 27.92 ± 0.12 28.50 ± 0.28
AT 2023adsw >29.31 >29.75 29.42 ± 0.26 >29.41 >28.89
AT 2023adsy >29.31 29.33 ± 0.19 28.58 ± 0.17 28.64 ± 0.18 >28.89
AT 2023adsz >29.31 >29.75 28.90 ± 0.19 29.28 ± 0.28 >28.89
AT 2023adta 28.44 ± 0.13 26.98 ± 0.04 26.88 ± 0.06 26.69 ± 0.05 26.94 ± 0.08
AT 2023adtb >29.31 29.45 ± 0.19 >29.44 28.97 ± 0.22 >28.89
AT 2023adtc >29.31 >29.75 >29.44 >29.41 >28.89
AT 2023adtd >29.31 28.60 ± 0.11 28.19 ± 0.10 27.76 ± 0.09 28.29 ± 0.21
AT 2023adte 29.27 ± 0.28 28.65 ± 0.13 28.74 ± 0.23 28.41 ± 0.19 >28.89
AT 2023adtf 29.12 ± 0.19 28.66 ± 0.11 28.65 ± 0.16 28.72 ± 0.18 >28.89
AT 2023adth >29.31 28.94 ± 0.18 >29.44 >29.41 28.69 ± 0.34
AT 2023adti >29.31 28.54 ± 0.11 28.55 ± 0.15 28.86 ± 0.20 >28.89
AT 2023adtj >29.31 >29.75 >29.44 >29.41 >28.89
AT 2023adtl La La L L L
AT 2023adtm 29.28 ± 0.27 28.40 ± 0.13 27.14 ± 0.11 29.26 ± 0.68 27.87 ± 0.33
AT 2023adto 27.26 ± 0.06 27.09 ± 0.04 27.19 ± 0.06 27.46 ± 0.08 La

AT 2023adtr >29.31 >29.75 >29.44 >29.41 >28.89
AT 2023adtu 26.31 ± 0.04 26.35 ± 0.03 26.64 ± 0.04 26.75 ± 0.05 27.06 ± 0.08
AT 2023adtw 27.36 ± 0.09 26.93 ± 0.06 26.64 ± 0.10 27.67 ± 0.22 27.45 ± 0.20
Marginal Detections
AT 2023adua >29.31 >29.75 >29.44 >29.41 >28.89
AT 2023adub 28.40 ± 0.19 28.39 ± 0.18 La La La

Note.
a Data dropped because source either too close to image edge or contaminated by subtraction residual.

Table 16
JADES-SN-23 Epoch5.3 – Epoch1 Supernova Photometry

ID F090W F115W F150W F200W F277W F335M F356W F410M F444W
(AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag) (AB mag)

AT 2023adst >29.40 >29.90 >29.80 >29.80 29.46 ± 0.18 >29.10 29.37 ± 0.17 >29.10 >29.20
AT 2023adsw >29.40 >29.90 >29.80 >29.80 >29.70 >29.10 >29.80 >29.10 >29.20
AT 2023adsy >29.40 >29.90 >29.80 29.34 ± 0.15 28.44 ± 0.09 28.26 ± 0.10 28.43 ± 0.09 28.42 ± 0.15 >29.20
AT 2023adsz >29.40 >29.90 >29.80 >29.80 29.45 ± 0.19 29.04 ± 0.19 29.14 ± 0.15 28.94 ± 0.24 >29.20
AT 2023adta >29.40 >29.90 28.85 ± 0.09 27.01 ± 0.03 26.79 ± 0.03 26.42 ± 0.03 26.63 ± 0.03 26.57 ± 0.04 26.79 ± 0.04
AT 2023adtd >29.40 >29.90 >29.80 28.74 ± 0.11 28.15 ± 0.09 27.72 ± 0.09 27.77 ± 0.07 27.95 ± 0.16 28.01 ± 0.14
AT 2023adti >29.40 >29.90 29.19 ± 0.11 28.42 ± 0.07 28.48 ± 0.08 28.70 ± 0.13 28.71 ± 0.10 >29.10 28.87 ± 0.20
AT 2023adto >29.40 27.92 ± 0.04 27.28 ± 0.04 27.12 ± 0.03 27.18 ± 0.04 27.48 ± 0.06 27.53 ± 0.05 27.44 ± 0.07 27.49 ± 0.07
AT 2023adtt L L L L 27.51 ± 0.08 L 28.07 ± 0.13 L 27.75 ± 0.12
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rest-frame days assuming the best-fit model redshift. The
circles are the measured photometry (or 2σ upper limits when
shown with a downward arrow), the thick dashed line shows
the best-fit model with ±1σ error bars as the shaded region, and
the faint lines show the other models of the same SN type as the
best-fit model (i.e., SN II, SN Ib/c, or SN Ia) that also have
χ2/DOF� 50.

Appendix C
The JADES-SN-22 Sample

In Appendix C, we present the same information for each of the
JADES-SN-22 sources. Figure 18 shows an example for AT
2022aevg. The bottom row of the multiband images show
Epoch1 – Epoch2 difference images. Note that AT 2022aewbʼs
SED has multiple epochs shown because it remained visible in all

Figure 17. NIRCam images (top), SEDs (lower-left), and light curves (lower-right). The complete figure set (36 figures) is available in the online journal.

(The complete figure set (36 images) is available in the online article.)
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of the follow-up observations. We measured AT 2022aewbʼs
photometry from the science images rather than the difference
images to avoid underestimating its brightness. For the light
curves, the best-fit models, along with their associated redshifts
that were used to convert apparent to absolute AB magnitude and
observer-frame days to rest-frame days, are listed in Table 8.
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Figure 18. NIRCam images (top), SED (lower-left), and light curves (lower-right). The complete figure set (47 figures) is available in the online journal.
(The complete figure set (47 images) is available in the online article.)
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