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16 Departamento de F́ısica Matemática, Instituto de F́ısica, Universidade de São Paulo, CP 66318, São Paulo, SP, 05314-970, Brazil
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ABSTRACT

While many studies have shown a correlation between properties of the light curves of Type Ia SN
(SNe Ia) and properties of their host galaxies, it remains unclear what is driving these correlations.
We introduce a new direct method to study these correlations by analyzing ‘parent’ galaxies that host
multiple SNe Ia ‘siblings’. Here, we search the Dark Energy Survey SN sample, one of the largest
samples of discovered SNe, and find 8 galaxies that hosted two likely Type Ia SNe. Comparing the
light-curve properties of these SNe and recovered distances from the light curves, we find no better
agreement between properties of SNe in the same galaxy as any random pair of galaxies, with the
exception of the SN light-curve stretch. We show at 2.8σ significance that at least 1/2 of the intrinsic
scatter of SNe Ia distance modulus residuals is not from common host properties. We also discuss the
robustness with which we could make this evaluation with LSST, which will find 100× more pairs of
galaxies, and pave a new line of study on the consistency of Type Ia supernovae in the same parent
galaxies. Finally, we argue that it is unlikely some of these SNe are actually single, lensed SN with
multiple images.

1. INTRODUCTION

Analyses of increasingly large samples of supernovae
have revealed correlations between properties of Type Ia
supernovae (SNe Ia) light curves and properties of their
host galaxies. The light-curve widths have been shown
to correlate with host-galaxy morphology (e.g., Hamuy
et al. 1996), mass (e.g., Howell et al. 2009) and star-
formation rate (e.g., Sullivan et al. 2006a; Smith et al.
2012). The light-curve color has been shown to correlate
weakly with host-galaxy metallicity (e.g, Childress et al.
2013) and host-galaxy mass (e.g., Brout et al. 2019). Af-
ter standardizing SN brightness using a light-curve model
like SALT2 (Guy et al. 2007) or MLCS2k2 (Jha et al.
2007), multiple analyses have also shown a correlation be-
tween host-galaxy mass and the distance modulus residu-
als of the SNe Ia relative to the best-fit cosmology (e.g.,
Kelly et al. 2010; Lampeitl et al. 2010; Sullivan et al.
2010. Similar correlations between host properties and
SN distance modulus residuals have been shown using
star formation (e.g, D’Andrea et al. 2011) and metallic-
ity (e.g., Hayden et al. 2013). As galaxy demographics
are known to evolve with redshift (Childress et al. 2013),
analyses that measure the dark energy equation-of-state
w with SNe Ia must account for the relationship between
host-galaxy properties and SN light-curve properties in
order to reduce systematic uncertainties in the cosmolog-
ical measurement.

One way to study these correlations is to understand
whether light-curve properties of SNe can be traced to
circumstellar interactions around the SN or to the inter-
stellar medium of the host galaxy itself. Phillips et al.
(2013) analyzed the Na I spectral lines and found that
extinction is mainly due to the interstellar medium of
the host galaxies and not the circumstellar material. A
related approach is to measure properties of the galaxy
that are local to the SN position (Rigault et al. 2013,
Kelsey et al. 2020 in prep.). Still, whether local galaxy
properties or global galaxy properties are more correlated
with distance modulus residuals remains unclear (Jones
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et al. 2018a).
We introduce a new approach to study the relationship

between SN light-curve properties and their host galaxies
by systematically searching for galaxies that host mul-
tiple SNe Ia. While the canonical rate of all SNe is
roughly 1 SN per galaxy per 100 years, as surveys like
Pan-STARRS1 (PS1) and The Dark Energy Survey Su-
pernova Program (DES-SN) monitor a million galaxies
over a 5 year time-span, the number of galaxies that host
multiple SNe Ia can be significant. In fact, Anderson &
Soto (2013) queried records of SN observations over 100
years and found 210 galaxies that hosted multiple SNe,
though only roughly half of the SNe in these galaxies
are Type Ia. Recently, Stritzinger et al. (2010) stud-
ied 4 SNe Ia in NGC 1316 (Fornax A) and for 3 of the
them (SN 1980N, 1981D, 2006dd) measured consistent
distance moduli within 0.2 mag and having uncertainties
of 0.05 − 0.1 mag. However, one of them (SN 2006mr)
was fast-declining, sub-luminous and the distance mod-
ulus was 0.6 mag from the other three with a similar
distance modulus uncertainty. Similar studies have been
done (Gall et al. 2018; Ashall et al. 2018) for two SNe
Ia in another galaxy (NGC 1404) in the same Fornax
cluster.

While a combined historical set could potentially pro-
vide an excellent dataset to compare properties of SNe
that share the same host, it is difficult to collect all the
light curves of past SNe, re-calibrate them on a homo-
geneous system (e.g., Scolnic et al. 2015) and correct for
selection effects. Instead, for the present analysis we fo-
cus on the preliminary DES-SN 5-year photometrically
identified SNe Ia sample, which has created one of the
largest SNe Ia samples to date. Having a well character-
ized telescope and survey, we are able to determine the
number of galaxies that host multiple SNe.

The organization of this paper is as follows. In section
2, we discuss the DES sample, host-galaxy association,
and present the number of galaxies with multiple SNe
and multiple SNe Ia. In section 3, we compare the light-
curve properties of the matched SNe Ia. In section 4, we
forecast numbers of host galaxies of multiple SNe discov-
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ered by LSST and present our conclusions.

2. FINDING GALAXIES THAT HOSTED MULTIPLE TYPE
IA SUPERNOVAE

2.1. The DES-SN Photometric Sample and Selection

We analyze the full, preliminary, photometric SN sam-
ple from DES-SN that was collected over 5 observing
seasons spanning roughly mid-August to mid-February
starting 2013. Observations were taken with the Dark
Energy Camera (Flaugher et al. 2015) at the Cerro
Tololo Inter-American Observatory. Details of the sur-
vey operations are given in Kessler et al. (2015) and
D’Andrea et al. (2018). The observations were taken
with griz passbands and in total, there are 10 fields,
8 of which are ‘shallow’ (r-band 5σ visit depth of 23.4
mag) and 2 of which are ‘deep’ (r-band 5σ visit depth
of 24.6 mag). We use the photometry from the DiffImg
pipeline as described in Kessler et al. (2015). Brout et al.
(2019) present an improved scene-modeling photometric
pipeline, and show that the DiffImg photometry is consis-
tent to 1-2%, which is adequate for this sibling analysis.
Most of the subtraction artifacts were rejected with a
machine-learning algorithm (Goldstein et al. 2015).

For DES-SN, detections within 1′′ of one another are
grouped as a single SN candidate, and for each candi-
date, PSF-fitted photometry measurements were done
for all observations regardless of their signal-to-noise ra-
tio (SNR). We require that to be called a SN, there must
be observations in two filters with SNR> 5; this yields
a total sample size of 9,289 transients. The sample still
contains a considerable number of active galactic nuclei
(AGN) and image artifacts, so further vetting is needed
with SN classifiers, as discussed in Section 2.3.

2.2. Galaxy Association

To determine which galaxies host the discovered SNe,
we use co-added templates built from multiple observa-
tions. While a relatively shallow co-add was used to build
a galaxy catalog for matching SNe during DES-SN op-
erations, in this analysis we use much deeper templates
as presented in (Wiseman et al. 2020, hereafter W20).
These templates are created for each SN from all the
images taken throughout DES-SN except for the images
taken within six months of the date of peak brightness
of that SN. The r-band depth of the shallow field tem-
plates is r ∼ 25.75 and r ∼ 26.75 mag for the deep field
templates. With the stacked templates, we associate
the host galaxy following the Directional Light Radius
(DLR) method (Sullivan et al. 2006b). For all galaxies
within 15′′ of the SNe, the shape of each galaxy is mea-
sured from SExtractor (Bertin & Arnouts 1996; Holw-
erda 2005) and we measure the distance between the SN
position and the center of the galaxy after accounting for
the galaxy shape in the direction of the SN (dDLR). The
galaxy with the smallest dDLR is assigned as the host
galaxy.

The likelihood of incorrect galaxy association is dis-
cussed using simulations with simulated galaxy catalogs
in Gupta et al. (2016) and is expected to be ∼ 4% for
dDLR < 4. This effect can also be analyzed from results
of a host redshift follow-up campaign by the OzDES sur-
vey, as described in Yuan et al. (2015) and Childress
et al. (2017). OzDES had cumulative redshift efficiency
of 63% for galaxies up to a cutoff of r ∼ 24 mag. While

Fig. 1.— Images of the host galaxies (position circled in white)
of the supernova siblings with the position of the SNe marked in
yellow and red. The angular scale on these plots is 16′′ on each
side of each subpanel.

the host-galaxy association followed the same procedure
as described above, OzDES used positions of host galax-
ies derived from 1-mag shallower templates that were
created for the DES SVA1-GOLD galaxy catalog.1 Only
1% of the host-galaxy identifications changed after using
deep-stack templates in W20, which indicates that the
mis-association may be lower than that found in Gupta
et al. (2016).

2.3. Classification

We search for galaxies that host two SNe Ia. In total,
there are 73 galaxies that host SN candidate pairs, where
each SN in the pair is clearly not an AGN (classified by
> 5σ non-zero flux over multiple years with positions
within 1′′ of center of host galaxy) or image artifact as
flagged by the difference imaging pipeline. Here, we use
classifiers to identify SNe Ia, and assume any left-over
AGN and image artifacts will not be confused with SNe
Ia. We use both the SuperNNova classifier (SNN, Möller
& de Boissière 2019) and the PSNID classifier (Sako et al.
2011). We run the classifiers on the set of 73 transients
and we do not use redshift information in the classifi-
cation fits. SNN is based on a recurrent neural network
(RNN) that is trained to classify photometric light curves
and returns a probability of whether a SN is type Ia or
non-Ia. We use the SNN ‘Vanilla’ classifier and a prob-
ability threshold of 0.8. The PSNID classifier compares
the SN light curves to a grid of templates that includes
multiple SN types (Ia, Ibc and II) and returns a Bayesian
probability based on the grid comparisons for each SN
type. We use a SNe Ia probability threshold of 0.8 (Sako
et al. 2011). From simulations of SNN and PSNID (Hin-
ton et al. 2020 in prep.), the probability threshold used
for each of these classifiers is in good agreement with the
purity of a sample cut for that threshold.

We find good agreement between the classifiers in that
they both classify the same 7 pairs of SN siblings as be-

1 Data from the DECam Science Verification period is available
at: https://des.ncsa.illinois.edu/releases/sva1.
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ing two SNe Ia. Of these 14 SNe that pass the SNN
threshold, SN DES14C2iku has a probability of 0.82, and
the the SN with the next lowest probability is 0.94 (SN
DES15X2mlr); these two SNe are not part of pairs that
indicate disagreement in SN properties, as discussed in
next section. All of the other probabilities are above
0.985, indicating a high likelihood of being SNe Ia. From
PSNID, of the 14 SNe, the lowest probability is for SN
DES16C2cqh at 0.94. The PSNID classifier points to one
additional pair (SN: DES13X3han, DES16X3eom) which
is at z = 0.953, and likely the SNR of the light-curve ob-
servations is too low for SNN to return a high likelihood
classification. As one but not both of our classifiers call
this a SNIa, we do not include this pair in our sample.

For PSNID, we find that including a redshift prior
does not change the classifications for our sibling sam-
ple. We also find that with the exception of one pair
(DES14C2iku and DES17C2jjb), the redshifts returned
from the PSNID fits are within ∆z of 0.1 from each other,
which is bigger than the returned redshift uncertainties.
Furthermore, with the exception of DES14C2iku and
DES13E1wu, the redshifts returned from the PSNID fits
are all within ∆z of 0.1 from their host galaxy redshifts
as well.

Since detections within 1′′ are assigned to the same
candidate, we also search for two SN candidates within
1′′ that were assigned to a single candidate. We use the
PSNID classifier on data from each year and search for
SNe Ia that appeared in multiple years but are located
within 1′′. We do not find additional candidates for SN
siblings.

In the course of the survey, one event — DES16C3nd
— was manually discovered to have two SNe within 1′′ in
the course of 200 days, in the same season. We classify
both of these separately with PSNID and find both to be
SNe Ia. This 8th SNe Ia pair is included in our set. No
other distinct SNe have been discovered at the same po-
sition in the same year, but this has not been completely
vetted due to difficulty in identifying these candidates.
In the Appendix, we discuss whether a discovery of 8
SN siblings is consistent with expectations from rates of
SNIa per galaxy.

The 8 pairs of siblings are presented in Table 1. The
positions of the SNe relative to their host galaxies are
shown in snapshots of the host galaxies from the deep-
stack images in Fig. 1. The positions and DLR values
are given in Table 1. The median dDLR is 2.1, within
the high-accuracy range (> 97%) for galaxy association
(Gupta et al. 2016). We also present the host-galaxy
masses in Table 1, following the prescription in Smith
et al. (2020), and similar to that done in Brout et al.
(2019). Seven of the eight hosts have mass M > 1010M�.

3. COMPARING MATCHED SNE

3.1. Light-curve properties and distance modulus
estimates

We fit the light curves of the 16 SNe Ia using the
SALT2 model (Guy et al. 2010) with the latest update
from Betoule et al. (2014) as implemented in SNANA
(Kessler et al. 2009). OzDES has measured host-galaxy
redshifts for all 8 galaxies, and those redshifts are used in
the fits. The light-curve fits return: an overall amplitude
parameter x0, which can be converted to a brightness

mB; x1, the light-curve stretch; and c, the light-curve
color. The light-curve fits are shown in Fig. 2 and a
comparison of the fitted parameters for each pair siblings
is shown in Fig. 3.

To convert the fitted parameters to a distance modu-
lus measurements, we follow the Tripp estimate (Tripp
1998),

µ = mB + αx1 − βc−M, (1)

where α and β are the correlation coefficients of lumi-
nosity with x1 and c respectively, and M is the absolute
magnitude of SNe Ia. From Brout et al. (2019), we use
α = 0.14 and β = 3.1 for this analysis. We account for
Milky-Way extinction in our light-curve fits with values
from Schlafly & Finkbeiner (2011). We do not apply ad-
ditional bias corrections from the BBC method (Kessler
& Scolnic 2017). The µ comparisons are also shown in
Fig. 3. Since we are investigating the intrinsic scatter of
SNe Ia, we do not include an additional intrinsic scatter
term in the uncertainty on µ. However, we do include
the default SALT2 model error in our distance modulus
uncertainties as the model error is included as part of the
measurement uncertainties.

3.2. Assessing consistency with simulations

To provide context to the comparison of the light-curve
properties of different SNe from the same hosts, simula-
tions are needed. We follow Kessler et al. (2019a) for
DES-SN simulations, with two modifications. First, we
use the 5-year observing history from DES-SN rather
than the 3-year history. Second, we do not include a
spectroscopic SN efficiency in our model as we are ana-
lyzing the full photometric sample. In the analysis of the
simulated sample, we apply the same light-curve quality
requirements (cuts) as described in Brout et al. (2019)
to the simulations as we do to the data, with the excep-
tion of light-curve c range, where we loosened this cut for
the data to include one more SN. While we fortuitously
have host-galaxy redshifts for our entire sibling sample,
we did not require a spectroscopic host galaxy redshift
measurement, and therefore we do not include a redshift
efficiency model in our simulations.

The intrinsic scatter model used in our simulations
is from Guy et al. (2010), as adapted in Kessler et al.
(2013). We would like to simulate a single sample with
uncorrelated intrinsic scatter for most SNe, but corre-
lated to a varying amount amongst SNe with the same
hosts. Since this is difficult to implement, we instead sim-
ulate three independent samples where we scale the mag-
nitude of the entire intrinsic scatter from 1 (here called
SIM-1) to 1/2 (SIM-1/2), which is half the magnitude of
intrinsic scatter, to 0 (SIM-0), which is no intrinsic scat-
ter. This method assumes that the amount of the intrin-
sic scatter not accounted for is 100% correlated between
SNIa with the same host. While we don’t explicitly sim-
ulate the correlated component of the intrinsic scatter,
this should have a negligible impact on the the analysis.

We create a simulated sample with 400,000 DES SNe
and select 8 random pairs of SNe, where pairs are defined
as being within 0.05 in redshift, where we use the red-
shifts of the 8 host galaxies given in Table 1 and 0.05 is
an arbitrary bin size that ensures similar noise properties
for light curves of SNe Ia with z > 0.2. When compar-
ing mB or µ, we subtract the cosmological dependence of
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TABLE 1
Summary Information about the SN candidates

SN1 SN2 za Host Pos.b SN1 Pos. d1DLR SN2 Pos. d2DLR MJD1
c MJD2 Massd

DES13S2dlj DES14S2pkz 0.228 40.8636 −01.6024 40.8637 −01.6017 1.145 40.8641 −01.6036 2.604 56541 57004 11.23
DES14C3zym DES15C3edd 0.349 53.2948 −27.9576 53.2948 −27.9573 1.398 53.2945 −27.9578 1.738 57002 57286 10.70
DES14C2iku DES17C2jjb 0.384 54.4053 −28.3102 54.4045 −28.3102 1.846 54.4052 −28.3102 0.232 56955 58146 10.31
DES15S2okk DES17S2alm 0.506 41.7614 −01.3781 41.7612 −01.3781 0.618 41.7616 −01.3781 0.412 57393 58005 10.85
DES15C2mky DES16C2cqh 0.524 55.1459 −28.6279 55.1451 −28.6281 2.110 55.1459 −28.6279 0.074 57348 57689 11.14
DES13E1wu DES14E1uti 0.561 06.8201 −42.5739 06.8200 −42.5739 0.185 06.8201 −42.5732 1.901 56550 57046 10.97
eDES16C3nd0 DES16C3nd1 0.648 52.2183 −27.5744 52.2183 −27.5744 0.059 52.2183 −27.5744 0.059 57635 57753 11.14
DES15X2mlr DES15X2nku 0.648 35.4094 −05.7659 35.4103 −05.7656 2.898 35.4088 −05.7656 2.221 57345 57363 9.960

aRedshift of host galaxy; the uncertainties on z are < 0.001; bPositions in degrees. cDate of peak brightness; uncertainties shown in Fig.
2. dHost mass such that log10(Mstellar/M�); uncertainties are all ∼ 0.05. eSNe given same SN id because located within 1′′.
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DES14C2iku      z :   0.384 +/- 0.001       pkmjd:  56955.18 +/- 0.17      x1 :   -2.67 +/- 1.02      c :   0.410 +/- 0.106      mB 24.20 +/- 0.15      :   41.90 +/- 0.23      HR:  0.32 +/- 0.23
DES17C2jjb                                              pkmjd:  58146.42 +/- 0.27      x1 :   -0.742 +/- 0.30      c :   -0.01 +/- 0.03      mB 22.25 +/- 0.04     :   41.53 +/- 0.08      HR:  -0.05 +/- 0.08
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DES15S2okk      z :   0.506 +/- 0.001       pkmjd:  57393.21 +/- 0.10      x1 :   0.0893 +/- 0.65      c :   -0.04 +/- 0.03      mB 22.55 +/- 0.04      :   42.03 +/- 0.12      HR:  -0.27 +/- 0.12
DES17S2alm                                              pkmjd:  58005.48 +/- 0.65      x1 :   1.22 +/- 0.62      c :   -0.05 +/- 0.04      mB 22.89 +/- 0.06     :   42.55 +/- 0.15      HR:  0.26 +/- 0.15
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DES15C2mky      z :   0.524 +/- 0.001       pkmjd:  57347.73 +/- 0.38      x1 :   0.820 +/- 0.34      c :   -0.08 +/- 0.03      mB 22.64 +/- 0.04      :   42.33 +/- 0.10      HR:  -0.06 +/- 0.10
DES16C2cqh                                              pkmjd:  57689.12 +/- 1.29      x1 :   -0.847 +/- 0.81      c :   0.02 +/- 0.02      mB 23.52 +/- 0.08     :   42.67 +/- 0.17      HR:  0.29 +/- 0.17

10
22
54
86
118
150

Fluxcal

0
40
80

120

Fl
ux

ca
l

DES13E1wu      z :   0.561 +/- 0.001       pkmjd:  56550.07 +/- 0.47      x1 :   -0.832 +/- 0.43      c :   -0.09 +/- 0.04      mB 22.79 +/- 0.05      :   42.30 +/- 0.13      HR:  -0.27 +/- 0.13
DES14E1uti                                              pkmjd:  57045.53 +/- 2.50      x1 :   3.01 +/- 2.17      c :   -0.01 +/- 0.06      mB 23.04 +/- 0.09     :   42.84 +/- 0.30      HR:  0.28 +/- 0.30
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DES16C3nd_0      z :   0.648 +/- 0.001       pkmjd:  57635.44 +/- 0.38      x1 :   -1.08 +/- 0.29      c :   0.01 +/- 0.04      mB 23.52 +/- 0.03      :   42.67 +/- 0.10      HR:  -0.28 +/- 0.10
DES16C3nd_1                                              pkmjd:  57753.13 +/- 0.31      x1 :   -0.452 +/- 0.28      c :   0.04 +/- 0.03      mB 23.34 +/- 0.03     :   42.50 +/- 0.09      HR:  -0.44 +/- 0.09
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DES15X2mlr      z :   0.648 +/- 0.001       pkmjd:  57344.97 +/- 0.68      x1 :   -0.720 +/- 0.53      c :   -0.08 +/- 0.05      mB 23.16 +/- 0.06      :   42.66 +/- 0.17      HR:  -0.28 +/- 0.17
DES15X2nku                                              pkmjd:  57362.69 +/- 1.17      x1 :   1.62 +/- 1.05      c :   0.02 +/- 0.06      mB 23.61 +/- 0.08     :   43.11 +/- 0.22      HR:  0.17 +/- 0.22
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Fig. 2.— Light curves of each pair of SNe Ia siblings. The SN name, redshift (z), date of peak brightness (peak mjd), light-curve stretch
(x1), light-curve color (c), relative brightness (mB) and distance modulus (µ), and Hubble residual to a fiducial cosmology (HR) are shown
for each. The uncertainties on µ and HR are shown assuming no intrinisc scatter.

the SNe due to different redshifts. For each pair, and for
each parameter, we define the χ2 with χ2

D for data and
(χ2

S) for simulations where

χ2 =

8∑
i

(O1−O2)2/(σ2
O1 + σ2

O2) (2)

where O1 and O2 are the observables for each pair
(x1, c,mB, µ) and σO1 and σO2 are the uncertainties on

those observables. This process of pulling 8 pairs is re-
peated 1000 times.

We give the χ2
D and χ2

S for each mB, x1, c and µ in Fig.
3. We find that for c, x1 and mB, the reduced χ2

S are
predicted from simulations to be >> 1 as the parameters
are drawn from distributions of width significantly larger
than the uncertainties. We find that only for x1 is χ2

D

smaller than χ2
S . This smaller value implies that SNe Ia
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Fig. 3.— A comparison of the light-curve parameters (c, x1 and
mB) and the distance modulus µ of the matched SNe. The SN
chosen for the x versus y values is arbitrary and can be flipped.
The χ2

D of the data points to the y = x line is given. The mean

χ2
S predicted from an ensemble of simulated samples of the same

size and with a full intrinsic scatter model is also given, as well as
the width of that distribution, given as 1σ.

in the same hosts have similar x1 values. We also find
that χ2

D in µ is higher than χ2
D for mB, which shows the

impact of the light-curve standardization and that these
pairs of SNe likely do have the same host galaxies.

The distributions of χ2
S from each simulated sample

of 8 siblings are shown in Fig. 4, along with the χ2
D.

For both data and sims, the χ2 is calculated using mea-
surement uncertainties alone and not including any ad-
ditional intrinsic scatter uncertainty. We find χ2

D in µ is
29.1, which we can see is inconsistent with SIM-0, but is
consistent with SIM-1. We can place a constraint from
this comparison by converting the probability that χ2

S is
above χ2

D by computing the inverse cumulative normal
probability deviation for a given cumulative probability
(Tanabashi et al. 2018). We use SIM-1/2, and as can be
seen in Fig. 4, the χ2

D of the data is in the < 1% high end
of the SIM-1/2 distribution. From this, we find that at
2.8σ, we can rule out global host-galaxy properties caus-
ing more than 1/2 of the total intrinsic scatter of SNe Ia
Hubble residuals.

The high χ2
D from the data for µ is driven by two of the

pairs, (DES15S2okk, DES17S2alm) and (DES13S2dlj,
DES14S2pkz) with χ2

D = 7.4, 8.5 respectively. The 4
SNe from these pairs do not appear unusual in any way.
The other matches all have χ2 < 3.1. One pair with
a low χ2

D of 2.3 is (DES14C2iku, DES17C2jjb), one of
the two SNe in this pair (DES14C2iku) has a c value of
0.41 ± 0.11, which would be cut in a typical cosmology
analysis (e.g. Scolnic et al. 2018). We include it here
as it passed classification, has a sibling, and has large
uncertainties; removing it would not change our conclu-
sions.

Fig. 4.— (Top) From evaluations of the distance modulus µ, the
predicted χ2

S distribution from simulations of 8 DES SN siblings

and the χ2
D from the real data set - as presented in Fig. 3. The

three histograms show distributions of χ2
S of 1,000 samples of 8 sib-

lings from simulations with no intrinsic scatter (blue), half intrinsic
scatter (red) and full intrinsic scatter (green). (Bottom) Again for
µ, the predicted χ2

S distribution from simulations of 800 pairs of
LSST SN siblings. Similar to above, the multiple histograms are
created for simulations with different scales of the intrinsic scatter.

3.3. The Likelihood of Lensed Supernovae

Two of the supernova sibling pairs have members that
exploded within 100 days of each other, which raises the
possibility that we may have discovered lensed SNe. The
first pair is DES15X2mlr and DES15X2nku, where the
dates of peak brightness differ by 20 days and the SNe
are on opposite sides of the galaxy. The DES-SN deep
stack shows ring-like structure around the galaxy. How-
ever, the Hubble residuals for both SNe do not show
evidence of magnification (∆µ = −0.28 ± 0.20 mag,
∆µ = 0.17 ± 0.24 mag) which decreases the likelihood
that the SNe are lensed. Additionally, if we use PSNID
to perform a photo-z fit to the SN light curves itself (Sako
et al. 2011), we recover best-fit redshifts (z = 0.633, 0.555
with uncertainties σz ∼ 0.05) which are consistent with
the host-galaxy redshift z = 0.648. This agreement is
not expected for lensed SNe Ia. Additionally, the rela-
tively low mass (< 1010 M�) of the host galaxy makes it
unlikely that there is a lensed SN with source-lens sepa-
ration of this size (∼ 3′′).

The second pair was identified as the same SN —
DES16C3nd — given the locations of the two SNe are
within 1′′. Unlike the previous pair, the Hubble resid-
uals are more negative (∆µ = −0.28 ± 0.14, ∆µ =
−0.44± 0.14), which shows ∼ 2− 3σ hints of magnifica-
tion, when assuming 0.1 mag of intrinsic scatter. How-
ever, OzDES acquired a spectroscopic redshift of the SN
itself with AAT of the second SN (on Dec. 30 2016) and
at z = 0.65 it is in good agreement with the redshift
of the host galaxy at z = 0.6483, reducing the chances
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that the SN is lensed. While it appears to be unlikely
that two SNe would appear within 100 days in the same
galaxy within 1′′, further follow-up would be needed to
help understand if this is purely coincidental. Still, a sep-
aration near 0′′ indicates that there is no lensing taking
place.

4. DISCUSSION AND CONCLUSION

Here we find 8 galaxies that host multiple Type Ia
SNe and make the first quantitative consistency test of
SNe Ia light-curve properties for a sample of SNe Ia that
share the same host galaxy. Overall, we find that at most
1/2 of the intrinsic scatter of SNe Ia Hubble residuals
can be contributed from the parent galaxy. Only for the
light-curve property x1 do we see weak evidence that the
stretch is drawn from a more narrow population than for
the full sample of SNe Ia.

The main result from this analysis does not contradict
the various correlations between SNe Ia luminosity and
host-galaxy properties found in the literature. We check
the recent analysis of Pantheon (Scolnic et al. 2018) com-
bined with Foundation (Foley et al. 2018) done in Ken-
worthy et al. (2019), and find that the recovered mass
step of γ = 0.052 reduces the intrinsic scatter of the
sample compared to one without a mass step from 0.105
to 0.101, or ∼ 4% of the total intrinsic scatter. This
reduction is less than 1/2 of the intrinsic scatter con-
strained from our analysis, and we would need more SN
siblings to measure the reductions of intrinsic scatter due
to additional host standardization parameters.

There are two main systematic uncertainties with our
approach. The first is incorrect galaxy association. Since
this is accurate to the 97% level and the Hubble residuals
are all low in magnitude, the likelihood of mis-association
is probably low, however we cannot rule this out. As our
sample is small, a single mis-association could have a
strong impact on our conclusions. A second systematic is
that the SNe identified are not separate SNe but actually
a single lensed SN. This is discussed above, and if it was
the case, it should reduce the total χ2

D as given in Fig.
4 as the properties of the multi-imaged SNe Ia should
be more similar than two random SNe Ia (Goobar et al.
2017). Still, a follow-up observing program that utilizes
a telescope with high spatial resolution would be useful
to better understand if there are lensing effects. Further
systematic uncertainties reside in the treatment of the
simulations; for example, simulating x1 and c distribu-
tions that correspond to SNe in high-mass galaxies could
improve analysis about agreement of these properties in
same-host galaxies.

While the constraint on the contribution to intrinsic
variance from having the same parent galaxy is not very

strong for this small sample, a much more significant
statement can be made with LSST. Following the sim-
ulations as described in Kessler et al. (2019b) and us-
ing selection requirements detailed in The LSST Dark
Energy Science Collaboration et al. (2018), we calculate
that there will be roughly 300,000 SNe with similar SNR
cuts as discussed above over a similar redshift range. As
the rate of SNe per galaxy will be the same for DES-SN
and LSST, we scale the number of SNe Ia siblings by
100×. This scaling results in ∼ 800 pairs of sibling SNe
Ia, roughly equal to our largest SNe Ia samples (Scolnic
et al. 2018). In Fig. 4, we show the ability to con-
strain the intrinsic scatter of SNe Ia Hubble residuals
with LSST. This analysis should be able to place con-
straints to a quarter of the total variance. Assuming that
we will have spectroscopic redshifts for all our host galax-
ies, additional spectroscopic follow-up programs for the
second siblings would be useful for better understanding
this sample.

Although we evaluate only the correlation of global
properties with this approach, it will be likely that that
a fraction (∼ 10%) of the pairs will occur in the same
galaxy at similar positions to within 2′′, and similar anal-
yses attempting to study both global and local properties
can be achieved. In our sample, for the two pairs of SN
siblings with the most different distance modulus values,
one pair has both SNe located near the center of the
galaxy, and the other pair has the SNe located on the
opposite sides of the galaxy. It is also interesting to note
that in our DES-SN sample of siblings, all but one of
the host galaxies has a high mass (> 10), as can be seen
in Table 1. It is possible that the higher Hubble resid-
ual scatter is due to these SNe being in more massive
galaxies.

Finally, we remark on an analysis that could be done
with past surveys. As mentioned in the introduction,
there are some well known systems, such as Fornax, that
have hosted multiple SNe Ia. We searched the PS1 SN
database (Jones et al. 2018b), and find no candidates for
supernova siblings. The total number of SNe in the PS1
sample relative to DES-SN is 3× fewer, and therefore
should expect on the order of 2-3, so 0 pairs of siblings is
consistent with Poisson noise. Similarly, we find no sib-
lings in the full Pantheon set of 1048 SNe. Recently, SN
2017cbv appeared in the same galaxy as SN 2013aa, and
this pair will be used in the SH0ES analysis for measuring
the Hubble constant (Riess et al. 2016). Understanding
the limited correlation between SNe in the same host
galaxy will be important for SH0ES to properly propa-
gate the combined uncertainty from this pair of siblings.

In conclusion, finding SN siblings is an exciting avenue
for improving systematics in cosmology studies with SNe
Ia, and should be particularly promising in the LSST era.

APPENDIX

AGREEMENT WITH EXPECTED RATES

To check our sample size, we use our discovery rate of SNe Ia siblings to derive a predicted rate of SNe Ia per galaxy
and compare to values from the literature. Li et al. (2011) find from the volume-limited LOSS survey that the rate
per galaxy is 0.54 ± 0.12 SNe Ia per 1010 solar masses per century. While the masses of host galaxies has not been
evaluated for the full DES-SN photometric sample, we use the methodology described in Smith et al. (2020) for the
1,934 transients in W20 identified as likely SNe Ia for which a spectroscopic host-galaxy redshift has been acquired.
The mean mass of the W20 sample is log10(Mstellar/M�) = 10.35. Systematic uncertainties in this estimate of the
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mean mass for the full sample are due to preferential selection of brighter, and more massive galaxies for the AAT
sample, but also higher identification of redshifts for more star-forming, and therefore typically less massive galaxies.
While these two effects likely don’t cancel, we still use this estimate for a rough comparison. The Li et al. (2011) rate
for our sample is therefore 1010.35/1010 × (0.54 ± 0.0005) = 1.21 ± 0.27 SN per galaxy per century, or 0.012 ± 0.0027
SN per galaxy per year. This rate is given for z = 0, and as discussed in Perrett et al. (2012), we must divide this rate
by (1 + z) where z is the mean redshift of discovered SNe Ia in the sample. DES-SN discovers SNe Ia with typical z
of z ∼ 0.5, from which we calculate a rate of 0.008± 0.002 SN per galaxy per year.

The discovered rate of SNe Ia siblings from our sample can be expressed as

Rate = Pairs/TotalHosts/Surveytime/Efficiency. (A1)

For our sample, the number of pairs is 8 and the survey time is 2.3 yr, as calculated by the sum of the 5 season lengths
of DES. We use SNN classifier on the DES-SN photometric sample with a probability threshold of 0.8 and find the
number of total hosts to be 3,227. The efficiency is much more difficult to calculate. From simulations described in
Kessler et al. (2019a), the SN discovery efficiency is 0.15± 0.01. From Eq. A1, the SNIa rate is ∼ 0.007 SN per galaxy
per year.

This rate is in good agreement with the prediction from Li et al. (2011) of 0.008 ± 0.002 SN per galaxy per year.
The main limitation of the calculation is how to properly account for selection effects. Here we took the discovery
efficiency of SNe given a redshift distribution from 0.1 < z < 1.2, but this distribution is not the same as the redshift
distribution of our 8 siblings. Still, while a full rates analysis is beyond the scope of this paper, this simple calculation
shows that the size of the sample found is within expectations and can be used for further analysis.

DS is supported by DOE grant de-sc0010007, the David and Lucile Packard Foundation. DS and RK are all
suported in part by NASA under Contract No. NNG17PX03C issued through the WFIRST Science Investigation
Teams Programme. DB and MS were supported by DOE grant DE-FOA-0001358 and NSF grant AST-1517742. L.G.
was funded by the European Union’s Horizon 2020 research and innovation programme under the Marie Sk lodowska-
Curie grant agreement No. 839090. This research used resources of the National Energy Research Scientific Computing
Center (NERSC), a DOE Office of Science User Facility supported by the Office of Science of the U.S. Department
of Energy under Contract No. DE-AC02-05CH11231. We are grateful for the support of the University of Chicago
Research Computing Center for assistance with the calculations carried out in this work. RF is supported in part by
NSF grants AST-1518052 and AST-1815935, the Gordon & Betty Moore Foundation, the Heising-Simons Foundation,
and by fellowships from the David and Lucile Packard Foundation, as well as the NASA contract above.

Funding for the DES Projects has been provided by the U.S. Department of Energy, the U.S. National Science
Foundation, the Ministry of Science and Education of Spain, the Science and Technology Facilities Council of the United
Kingdom, the Higher Education Funding Council for England, the National Center for Supercomputing Applications
at the University of Illinois at Urbana-Champaign, the Kavli Institute of Cosmological Physics at the University of
Chicago, the Center for Cosmology and Astro-Particle Physics at the Ohio State University, the Mitchell Institute for
Fundamental Physics and Astronomy at Texas A&M University, Financiadora de Estudos e Projetos, Fundação Carlos
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