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Abstract

We presentgriz photometric light curves for the full 5 yr of the Dark Energy Survey Supernova(DES-SN)
program, obtained with both forced point-spread function photometry on difference images(DiffImg ) performed
during survey operations, and scene modelling photometry(SMP) on search images processed after the survey.
This release contains 31,636DiffImg and 19,706 high-quality SMP light curves, the latter of which contain 1635
photometrically classi� ed SNe that pass cosmology quality cuts. This sample spans the largest redshift(z) range
ever covered by a single SN survey(0.1< z< 1.13) and is the largest single sample from a single instrument of
SNe ever used for cosmological constraints. We describe in detail the improvements made to obtain the� nal DES-
SN photometry and provide a comparison to what was used in the 3 yr DES-SN spectroscopically con� rmed Type
Ia SN sample. We also include a comparative analysis of the performance of the SMP photometry with respect to
the real-timeDiffImg forced photometry and� nd that SMP photometry is more precise, more accurate, and less
sensitive to the host-galaxy surface brightness anomaly. The public release of the light curves and ancillary data
can be found atgithub.com/ des-science/ DES-SN5YRand doi:10.5281/ zenodo.12720777.

Uni� ed Astronomy Thesaurus concepts:Cosmology(343); Type Ia supernovae(1728); Dark energy(351)

1. Introduction

Type Ia Supernovae(SNe Ia) are an established cosmolo-
gical probe, used to discover the accelerating expansion of the
Universe(A. G. Riess et al.1998; S. Perlmutter et al.1999),
and constrain the dark energy equation of state parameter,w.
The Dark Energy Survey(DES), conceived in the period
following the discovery of the accelerating Universe, has
completed a 5 yr SN Ia discovery and follow-up program
(DES-SN) using repeated(1 week cadence) observations of
27 deg2 with the Dark Energy Camera(DECam; B. Flaugher
et al. 2015) at the Cerro Tololo International Observatory
starting in 2013 August and ending in 2018 January. It has
assembled the largest sample of SNe Ia ever observed with a
single instrument with 1635 photometrically classi� ed SNe Ia
suitable for cosmology over the redshift interval 0.1< z< 1.13.

A � rst set of cosmology results using only the� rst 3 yr
(DES-SN3YR) of spectroscopically con� rmed SNe Ia was
released in 2019(D. Brout et al.2019b, 2019b; T. M. C. Abbott
et al.2019; M. Smith et al.2020), including a total of 251 light
curves. The purpose of this� rst analysis was to provide
competitive constraints, to spurthe development of key data
processing and analysis pipelines, and also to identify areas for
improvement. The tools for the 5 yr analysis were developed over
many years and are reported in a number of papers. These
software tools include difference imaging(DiffImg ; R. Kessler
et al. 2015), scene modeling photometry(SMP; D. Brout et al.
2019a), chromatic corrections(D. L. Burke et al.2018; J. Lasker
et al. 2019), simulated bias corrections(R. Kessler et al.2019,
hereafterK19), host-mass correlations(M. Smith et al.2020;
L. Kelsey et al.2021, 2023), photometric classi� cation(M. Vin-
cenzi et al.2019; A. Moller & T. de’Boissiere2020; A. Moller
et al.2022), and a comprehensive analysis framework(R. Kessler
et al.2009, SNANA K09; S. Hinton & D. Brout2020, Pippin;
D. Brout et al.2021; P. Armstrong et al.2023; R. Kessler et al.

2023; H. Qu et al.2024). The complete analysis using these
software tools is presented in M. Vincenzi et al.(2024) and DES
Collaboration(2024).

For the 5 yr analysis, DES has compiled a sample of
photometrically classi� ed SNe Ia that is an order of magnitude
larger than that used in the spectroscopically classi� ed DES-
SN3YR analysis. This larger sample, hereafter DES-SN5YR,
has resulted in a 30% reduction in statistical uncertainties in the
dark energy equation of state parameter,w, with respect to the
initial DES-SN3YR analysis (D. Brout et al. 2019b;
T. M. C. Abbott et al. 2019; DES Collaboration2024;
M. Vincenzi et al.2024). The uncertainty reduction is less
than the naive NSNe because(i) the number of spectro-
scopically con� rmed low-redshift events is similar to that in the
3 yr analysis,(ii ) the cosmic microwave background(CMB)
constraint is only slightly improved w.r.t. the 3 yr analysis, and
(iii ) the additional events with photometric classi� cation tend to
have a lower signal-to-noise ratio(SNR) compared to the
spectroscopically con� rmed sample. However, along with
smaller statistical uncertainties comes an increased need to
reduce systematic uncertainties. Additionally, as light curves
are used for the classi� cation itself there is also a need to
improve the photometry. Classi� cation was performed using
SuperNNova (A. Moller & T. de’Boissiere2020),59 using a
simulated training set that includes multiple non-SN-Ia types to
capture diverse sources of contamination(A. Moller et al.
2022; M. Vincenzi et al.2023).

This work focuses on the extraction of the photometric light-
curve � uxes from the 5 yr observations of the DES-SN
program, and the subsequent public data release. Past
cosmological analyses have long utilized two main methods
for extracting SN photometry:DiffImg followed by point-
spread function(PSF) � tting photometry on coadded difference
images, and a forward modeling method called SMP. In this
paper, we present the photometry measurements using both
methods. TheDiffImg photometry was produced during
DES operations with the primary purpose of discovering
transients. SMP was run independently of DES operations,

Original content from this work may be used under the terms
of theCreative Commons Attribution 4.0 licence. Any further
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with the purpose of obtaining high-precision photometry for the
cosmology analysis; only a subset of single-seasonDiffImg
candidates were able to be processed because SMP is not
designed for multiseason light curves(e.g., active galactic
nuclei (AGNs)). We also provide details on the ancillary data
included as part of this data release.

The structure of the paper is as follows. In Section2 we
describe the photometric calibration of the images and the
different photometric methods(DiffImg and SMP) applied to
discovered transients in them. We also provide consistency
checks, and describe improvements. In Section3 we
summarize the auxiliary data(redshifts, host-galaxy para-
meters, and photometry) provided in this release. In Section4
we provide some concluding remarks and in theAppendixwe
describe the format of the data release.

2. Data

2.1. DES-SN Program Overview

The DES-SN program(M. Smith et al.2020) ran from 2013
through 2018, spanning 5 yr and obtained images eight shallow
� elds: C1, C2, X1, X2, S1, S3, E1 and E2; and two deep� elds:
C3 and X3, in a combined footprint of� 27 deg2. The
observing strategy and typical cadence, seeing and depths are
provided in M. Smith et al.(2020) and E. H. J. Neilsen et al.
(2019). Transients were detected before the start of the next
observing evening using theDiffImg technique described in
R. Kessler et al.(2015), and artifacts were removed using the
candidate classi� cation methodology developed in D. A. Gold-
stein et al.(2015). An extensive host-galaxy spectroscopic
follow-up program was performed using the 2dF� ber
positioner and AAOmega spectrograph on the Anglo-Austra-
lian Telescope(AAT), as part of the OzDES survey(F. Yuan
et al.2015; M. J. Childress et al.2017; C. Lidman et al.2020).
Examples of DES-SN light curves at different redshifts in both
the DES-SN Deep and Shallow� elds are presented in Figure1.

2.2. Photometric Calibration

For SN Ia cosmological measurements, it is essential to both
accurately determine the inter� lter calibration within a survey
(especially if the survey spans a wide range of redshifts) and
the intersurvey calibration(when data sets from multiple
surveys are combined).

First, DES images are internally calibrated using a catalog of
17 million tertiary standard stars within the DES footprint built
using the forward global calibration method(FGCM) as

conceived by C. W. Stubbs & J. L. Tonry(2006) and
implemented in DES by D. L. Burke et al.(2018). This method
provides excellent all-sky uniformity of< 3 mmag for the full
DES 6 yr (Y6) dataset (I. Sevilla-Noarbe et al.2021;
E. S. Rykoff et al.2023).

The FGCM tertiary standard star catalog provided in
D. L. Burke et al.(2018) was utilized in the DES-SN3YR
cosmological analysis. The FGCM catalog was updated in the
period between DES-SN3YR and DES-SN5YR and here we
use the stellar catalogs as presented in Appendix 3 of I. Sevil-
la-Noarbe et al.(2021). The improvements are summarized as
follows: (i) improved corrections to aperture photometry,(ii ) an
update to the DES Y3A2 standard bandpasses(see I. Sevilla-
-Noarbe et al.2021, Section 4.3), (iii ) improved uniformity in
years following the bad weather of year three(Y3; H. T. Diehl
et al.2016), (iv) improved astrometry using the longer temporal
baseline, and(v) other technical and practical improvements.

SN Ia cosmology analyses, including M. Vincenzi et al.
(2024), use multiple surveys to cover the low-redshift range
and the high-redshift range, both needed for competitive
cosmological constraints. For this reason, we utilize the
calibration of D. Brout et al.(2022; Supercal-Fragilistic),
which is an improvement over the D. Scolnic et al.(2015;
Supercal) method. This method consists of simultaneously
cross calibrating the FGCM catalog with the stellar catalogs
from numerous other wide-� eld surveys(e.g., Pan-STARRS 1,
the Sloan Digital Sky Survey(SDSS), and SNLS). The
Supercal-Fragilistic methodology consists in determining a
global solution that minimizes the differences between each
survey by using their published calibrations as prior informa-
tion. Supercal-Fragilistic� nds similar sign of offsets for DES
[+ 0.002,Š0.009,Š0.007,+ 0.006] in [g, r, i, z] as those found
in E. S. Rykoff et al. (2023) [+ 0.001, Š0.003, Š0.001,
+ 0.002], but of larger magnitude; though we� nd that these
offsets are consistent with each other given that the external
tertiary cross-calibration data used to perform the calibration in
Supercal-Fragilistic is independent from E. S. Rykoff et al.
(2023).

In this work we have chosen to adopt the offsets from
Supercal-Fragilistic because:(1) the low-z samples used with
the DES-SN5YR sample to constrain cosmology have been
calibrated in Supercal-Fragilistic,(2) included is the covariance
between DECam� lters and low-z � lters utilized in the
cosmology likelihood(see Equation(11) of M. Vincenzi
et al. 2024), (3) Supercal-Fragilistic provides a mechanism to
create multiple realizations of inter� lter correlated calibrations
from the Supercal-Fragilistic covariance matrix for accurate

Figure 1. DES light curves of SNe at different redshifts(z � 0.3 andz � 0.6) in the SN Deep and SN Shallow� elds. Lines are the SALT3 model that best� ts the
light-curve data.
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survey simulations, and(4) Supercal-Fragilistic is more
accurate and precise due to the utilization of more external
data. The differences in tertiary standard stars between what
was used in DES-SN3YR and the Y6 catalog used in this work
are � 9 mmag forg Š z, � 0 mmag forg Š i, and � 5 mmag
for g Š r.

The AB offset uncertainties reported in the analysis of
E. S. Rykoff et al. (2023), based on the Hubble Space
Telescope CalSpec standard star C26202, are� 0.011 mag. The
reported DES-SN5YR uncertainties(statistical+ systematic) in
Supercal-Fragilistic on the diagonal of the covariance matrix
are half the size(6 mmag), which is the result of leveraging
multiple surveys utilizing multiple primary standard stars. The
full Supercal-Fragilistic covariance60 is used to determine the
effects of correlated systematic uncertainties in both light-curve
� tting and in SALT3 model training. Systematic uncertainties
due to absolute calibration of the DECam and low-z � lters are
discussed in Section 6.1 of M. Vincenzi et al.(2024).

2.3. Forced Photometry on Image Differences

The DESDiffImg pipeline obtains a� rst and preliminary
measurement of transient� uxes using PSF photometry on
images obtained as result of a difference image analysis(DIA;
C. Alard & R. H. Lupton1998; C. Alard2000). Details of the
DES implementation ofDiffImg are provided in R. Kessler
et al. (2015) and are also outlined in Table1. In summary,
DiffImg uses a deep template image, constructed from
coadding science veri� cation images obtained under very good
observing conditions(low sky noise and small PSF size). The
template image is transformed to match the image properties of
the nightly observation,� rst by astrometric registration and
then by convolution with an image kernel. The resulting
difference image contains signals only in pixels where there are
� ux changes, either from real sources, image artifacts, or noise.
The pixels with detected sources 3.5� above the sky noise level
are evaluated by a separate trained machine learning artifact
rejection code(D. A. Goldstein et al.2015).

It is important to note that the detection algorithm was
performed on search images processed before the start of the
next observing night, and on template images from science
veri� cation data. While this pipeline was used to discover all
transients included in this data release, and to develop
cosmology analysis methods(SMP; K19; M. Vincenzi et al.
2019; A. Moller et al.2022; A. Möller et al.2024, etc.), it has
not been optimized for SN cosmology. The photometric zero-

points in DiffImg were calculated from the science
veri� cation tertiary standard star catalog and thus do not make
use of the updated Y6 catalogs.

Furthermore, theDiffImg pipeline has not been optimized
to reduce the impact of astrometric and seeing dependent
biases. The photometry of tertiary stars in the search images
was carried out using Source Extractor�s automatic aperture
estimator(MAG_AUTO; E. Bertin & S. Arnouts1996). How-
ever, since PSF� tting is applied to the transient in the
difference images, this approach can introduce subtle biases
related to magnitude, color, seeing, and airmass. Additionally,
in the DiffImg pipeline there is no accounting for stellar
proper motions over the course of the 5 yr survey, which results
in millimagnitude photometric biases for tertiary stars with high
proper motion. Finally, the location of each candidate is
estimated using an average across all bandpasses, thus ignoring
atmospheric effects as a function of airmass and source color
(D. Brout et al.2019a; J. Lee et al.2023). These effects have
been improved in the� nal photometric pipeline that leverages a
technique called SMP and incorporates many of these effects
both in the model itself or as corrections.

2.4. Scene Modeling Photometry

The DES SMP pipeline (D. Brout et al. 2019a,
hereafter B19) was � rst developed for the DES-SN3YR
cosmology analysis(D. Brout et al.2019b), and in this work
we applied it on the full set of 31,636DiffImg candidates
collected during the 5 yr of DES-SN operations. The resulting
light-curve data set has been used for the DES-SN5YR
cosmology analysis(DES Collaboration2024; M. Vincenzi
et al. 2024). Since SMP is a model-dependent� t, it is not
guaranteed to converge for candidates with multiseason
variability, as the model here used assumes only variability
during one season for each transient and that there is zero� ux
during the previous and the following corresponding observing
seasons; thus the total number of SMP-� tted events that we
provide in the data release is 19,706. The details of the SMP
method are discussed in detail inB19. In summary, SMP
simultaneously forward models the DECam images of the
transient and its host galaxy while accounting for atmospheric
and instrumental effects.

For each transient event“search” image with a candidate
detection, the SMP model is convolved with the PSF of each
image as determined byPSFex (E. Bertin 2011) in Fourier
space and is then resampled to match the pixel grid of the
image. This results in a series of“model images” that are
compared to the observed DECam images. The time series of
DECam images that are used for constraining the transient

Table 1
Differences betweenDiffImg and Scene Modeling Photometry

Stages DiffImg SMP Y5

Template Science veri� cation images Any high-quality images taken before or after transient
Catalog for Zero-point Science veri� cation catalog Y6 forward model global calibration
Photometry for Zero-point Source ExtractorMAG_AUTO PSF photometry
Tertiary Star Proper motion None Linear� t over 5 yr
Astrometry Science veri� cation Updated in G. M. Bernstein et al.(2017)
Transient Position Forced at averageDiffImg Position Varied position per� lter

across� lters (common across all epochs)
Host-galaxy Pro� le FromDiffImg template Forward model� tted per� lter
Flux Measurement DIA+ forced-PSF photometry Forward model scene+ forced-PSF photometry

but with varied position across all images

60 https:// github.com/ PantheonPlusSH0ES/ DataRelease
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� uxes are trimmed to span the entire light curve of a transient
by using an estimation of the time of peak brightness from the
DiffImg light curve and allowing the transient� ux to vary
for images that occur within 40 days prior and 300 days after
theDiffImg estimated peak. Images taken beyond this range
(hereafter referred to as“reference” images) are assumed to
have zero transient� ux and aid in constraining the degeneracy
between a point source at the location of the transient and the
underlying galaxy model.

SMP presents several improvements over theDiffImg
pipeline, and these are notably not limited to the methodology.
There were also procedural and practical improvements that
occurred over the years intervening the two separate efforts to
process the data(see Table1). For SMP, reference and search
images were reprocessed through theFinalCut program
(E. Morganson et al.2018) and were scaled to a common zero-
point using the updated DES Y3A2 standard bandpasses and
tertiary standard stars(see I. Sevilla-Noarbe et al.2021). The
SMP pipeline also incorporates the updated astrometric
solution from G. M. Bernstein et al.(2017).

The reference images for SMP are individual exposures,
drawn from the highest-quality DES images taken over the
course of the entire 5 yr survey. While more reference images
for SMP is desirable, the SMP method computing resource use
scales linearly asO(NReferences), and for the full 5 yr set of
images there are often over 1000 potential reference images in
the deep� elds. We therefore requireNReferences= NSearchand
prioritize the templates with the best seeing(FWHM), PSF, and
sky level in order to improve the convergence of the SMP
galaxy model.

Unlike DiffImg (which used MAG_AUTO), the SMP
pipeline does not allow the position of tertiary stars to� oat
on each image, but rather performs forced-position PSF� tting
photometry on the tertiary stars after accounting for their proper
motions. SMP maintains consistency in the photometric
methodology between the tertiary stars and the transient(also
forced-PSF� tting photometry) and it is this consistency that is
essential for mitigating biases in the calibrated transient� ux
(A. Rest et al.2016). Additionally, the SMP pipeline was
developed to account for the proper motion of the tertiary stars
over the course of the 5 yr survey by incorporating a linear� t in
R.A. and decl. to the identi� ed single epoch centroid positions
on each night. While the tertiary stars have a high SNR and
thus their forced positions can be accurately measured, the
transients usually have a relatively low SNR and their positions
are less certain. Consequently, we incorporate the R.A. and
decl. of each transient candidate into the� tted SMP model.
This approach offers the added advantage of the posterior
uncertainties naturally accommodating the positional uncer-
tainty of the SN and accounting for potential photometric bias
in the positional uncertainty.

Lastly, it is important to note that the SMP pipeline as
implemented byB19 � ts an independent model for each
bandpass. This mitigates any source-color and� lter-dependent
atmospheric effects. Additional atmospheric corrections(such
as in J. Lee et al.2023) are minimal(see also Section2.7).

We compare the released Y3 photometry inB19 with our
more recent reprocessing(year � ve (Y5)) of the same SN Ia
sample but with improved templates, astrometry, and tertiary
catalogs. Before performing the comparison we apply offset
corrections[Š0.006,+ 0.007,+ 0.001,Š0.005] in the corresp-
onding[g, r, i, z] � lters, to remove changes in the determination

of the AB calibration over the time span in which the Y3 and
Y5 data were processed. Figure2 shows the magnitude
difference between our Y5(this work) and the Y3(B19) SMP
light-curve magnitudes after removing the AB offset differ-
ences. The median is consistent with zero for all� lters and the
dispersion is found to be the result of the various image
processing improvements from Y3 to Y5 in combination with
independent Markov Chain Monte Carlo� tting. We� nd for the
largest magnitude residuals between Y3 and Y5 that these
differences are speci� cally the result of the improved
astrometry. The mean uncertainty on ther-band SN position
for the largest residuals(� magSMP> 0.05) is 0.08 pixels,
which is smaller than the average uncertainty of the full sample
(0.33 pixels). We observe small offsets in each� lter and search
for trends as a function of Y5-observed magnitude. Negative
residuals for fainter sources are expected with improved low-
� ux measurements. We� nd small trends in all bands
suggesting improved Y5 sensitivity.

2.5. Nightly Fluxes and Their Uncertainties

The DES-SN program observed 10� elds in the sky: eight
shallow � elds and two deep� elds. Some transients are
observed multiple times per night in the same� lter. In these
cases, we average the results(in the deep� elds andz band; see
Table 1 from R. Kessler et al.2015). In the case ofDiffImg ,
the coaddition takes place at the pixel level, by inverse variance
weighted image stacking, whereas SMP examines every image
as an independent data vector and obtains a� ux per individual
image, which is later used to calculate the light-curve epoch
� uxes using again the inverse variance weighted average.

The photometric uncertainties inDiffImg are determined
solely from the PSF� t procedure. The SMP photometry� ux
uncertainties per observationti are determined as follows:

( )� T � T � T � T� � � � � �, 1t SMP
2

source
2

hostgal
2

i

where� SMP is determined from the marginalized posterior. The
SMP likelihood(B19, Equation(1)) contains sky noise but also
includes a nonlinear component due to uncertainty in the� tted
position of the SN. Mean� tted position uncertainties for the
SNe are given in Table2. The SMP galaxy model� t from all
observations is convolved with the individual night PSF to
obtain the Poisson noise contribution of the host galaxy� hostgal.
The nightly Poisson source noise(� source) is included after� ts
are performed following P. Astier et al.(2013).

For light-curve� tting in the cosmology analysis, nightly
� uxes are estimated as the variance weighted average

�� � œ � œf f w wt t t t ti i i i i with �T�� ��wt t
2

i i
, thus the total SMP

uncertainty per epoch is�T �� �œ w1 t tstat
2

i i .

2.6. Host Surface Brightness Anomaly Corrections

The so-called“surface brightness anomaly” (R. Kessler et al.
2015) is a systematic underestimation of� ux uncertainties for
SNe located in high local galaxy surface brightness regions.

In B19, it was suggested that this anomaly would be reduced
with improved astrometry. We estimate the rms of� ux pulls on
epochs free of transient� ux (i.e., the� ux over the measured
� ux uncertainty where the true� ux is zero) and plot their mean
value as a function of the host-galaxy surface brightness. In
Figure3, we present our results for all bands separately, and for
both for DiffImg and SMP. We see that forg band the
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