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ABSTRACT

The environmental dependence of Type Ia supernova (SN Ia) luminosities is well established, and efforts are being made to find
its origin. Previous studies typically use the currently observed status of the host galaxy. However, given the delay time between
the birth of the progenitor star and the SN Ia explosion, the currently observed status may differ from the birth environment of the
SN Ia progenitor star. In this paper, employing the chemical evolution and accurately determined stellar population properties of
44 early-type host galaxies, we, for the first time, estimate the SN Ia progenitor star birth environment, specifically [Fe/H]gjun
and [«/Fe]gimn. We show that [«/Fe]g;n has a 30.41%%?, per cent wider range than the currently observed [o/Fe]cysrent, While the
range of [Fe/H]piq 1s not statistically different (17.912267'9, per cent) to that of [Fe/H]cywent. The birth and current environments
of [Fe/H] and [«/Fe] are sampled from different populations (p-values of the Kolmogorov—Smirnov test <0.01). We find that
light-curve fit parameters are insensitive to [Fe/H]gin (<0.90 for the non-zero slope), while a linear trend is observed with
Hubble residuals (HRs) at the 2.40 significance level. With [a/Felgim, no linear trends (<1.10) are observed. Interestingly,
we find that [a/Fe]gi, clearly splits the SN Ia sample into two groups: SN Ia exploded in [a/Felpim-rich or [a/Felgim-poor
environments. SNe la exploded in different [a/Fe]g;n groups have different weighted-means of light-curve shape parameters:
0.81 £ 0.33 (2.50). They are thought to be drawn from different populations (p-value = 0.01). Regarding SN Ia colour and HRs,

there is no difference (<1.00) in the weighted-means and distribution (p-value > 0.27) of each [a/Fe]giy, group.

Key words: supernovae: general — galaxies: fundamental parameters —methods: data analysis.

1 INTRODUCTION

Applying empirical light-curve corrections, Type la supernovae
(SNe Ia) play crucial roles in determining the distance of external
galaxies (Phillips 1993; Guy et al. 2007; Jha, Riess & Kirshner
2007). However, the physics of SNe Ia, such as the progenitor stars
and the explosion mechanisms, are still not fully understood. For
understanding the progenitor stars, current studies are using host
galaxies. It is well established that SN Ia luminosities, after light-
curve corrections, are correlated with various physical properties of
their host galaxies at global (e.g. Sullivan et al. 2010; Childress et al.
2013; Pan et al. 2014; Kim, Kang & Lee 2019; Smith et al. 2020) and
local scales (e.g. Rigault et al. 2013, 2020; Kim et al. 2018, 2024;
Kelsey et al. 2021).

Possible explanations for the origin of the correlations between SN
Ia luminosities and host galaxy properties are discussed in intrinsic
and/or extrinsic respects. Intrinsic explanations focus on different
properties of the SN Ia progenitor stars, such as age and metallicity.
This is suggested theoretically (Timmes, Brown & Truran 2003;
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Kasen, Ropke & Woosley 2009; Childress, Wolf & Zahid 2014) and
empirically based on the host galaxy analysis (e.g. Sullivan et al.
2010; Kang et al. 2016, 2020; Kim et al. 2018, 2019; Rigault et al.
2020). Recently, differences in dust properties in host galaxies have
been suggested as the extrinsic explanation (Brout & Scolnic 2021).
In addition, efforts are being made to combine both intrinsic and
extrinsic explanations (Kelsey et al. 2023; Wiseman et al. 2023).
However, these host galaxy studies and possible explanations for
the origin are discussed based on the currently observed status of
host galaxies at the time of SN Ia explosions. Considering the
delay time, the time difference between the birth of the progenitor
star and the explosion of SNe la (Maoz & Mannucci 2012), this
currently observed status may not represent the birth environments
of the SN Ia progenitor stars (see Millan-Irigoyen et al. 2022 for a
discussion). Furthermore, even if the progenitor star is identified
in a pre-SN explosion image via the archival data search after
the SN Ia explosion, the final state of the progenitor star may
differ from its state in the birth environment. This is because
the progenitor star evolved while interacting with its environment,
such as its companion star in a binary system and dust around
it. Therefore, in order to accurately investigate the origin of the
environmental dependence of SN Ia luminosities, and ultimately,
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to understand the progenitor star, the birth environment should be
adopted.

In this work, we try to trace back the birth environment of
the SN Ia progenitor star, employing the chemical evolution of
galaxies, specifically early-type galaxies. Early-type galaxies, in
general, are homogeneous in terms of the stellar population because
their stellar populations are formed through a single burst of star
formation followed by passive evolution (e.g. Thomas et al. 2005).
Thus, their star formation history can be represented by a single
Gaussian distribution (Thomas et al. 2005, 2010). However, it is
known that at least 15 per cent of nearby giant early-type galaxies
show a sign of recent (<1 Gyr) star formation (e.g. Yi et al. 2005;
Gomes et al. 20164, b). In this situation, if we can select a genuine
early-type galaxy (e.g. absorption-dominated spectra from passive
environments without recent or ongoing star formation) and an SN
Ia is observed in this genuine early-type galaxy, it is most likely that
the SN Ia progenitor star formed simultaneously with the formation
of the single stellar population. Therefore, in the case of genuine
early-type host galaxies, the galaxy properties when the galaxy is
0 yr old (i.e. when most of the stars formed) could represent the birth
environment of the SN Ia progenitor star.

Regarding the SN Ia progenitor star birth environment, we will
determine [Fe/H] and [«/Fe] of the birth environment. [Fe/H] is iron
abundance relative to hydrogen and is commonly used as a tracer
of stellar metallicity. [/Fe] is the enrichment of «-process elements
(e.g. O, Ne, and Ni) relative to iron, also called the ¢-enhancement.
Since stellar evolution is obviously affected by metallicity (i.e.
the abundance of elements heavier than hydrogen and helium), it
would be natural to assume that SN Ia luminosity should depend
on metallicity. Timmes et al. (2003) showed that a variation of a
factor of three in the initial metallicity, defined in their paper as the
CNO + Fe abundances, leads to up to 0.2 mag difference in the
peak V-band brightness (see also Kasen et al. 2009; Hoflich et al.
2010). However, estimating the progenitor star’s metallicity through
observation is really challenging. This work will determine [Fe/H]
and [«/Fe] of the SN Ia progenitor star birth environment. Since
the progenitor star formed in this birth environment, the determined
[Fe/H] and [«/Fe] can be considered the progenitor star’s metallicity,
which provides more direct information about the progenitor star
than the currently widely used stellar mass of the host galaxy. We
found that both properties are available in Kang et al. (2016,2020)
and hence we employ them for this work.

In Section 2, we trace back the progenitor star birth environments
for SNe Ia with accurately determined stellar population properties
of their early-type host galaxies. Then, Section 3 presents the
difference between currently observed and birth environments, and
the relationships between the birth environment and SN Ia properties.
We discuss and conclude in Section 4.

2 METHOD

To trace back the birth environment of the SN Ia progenitor star,
we employ the chemical, specifically [Fe/H] and [«/Fe], evolution
of galaxies. Inside one galaxy, [Fe/H] and [«/Fe] would increase
with the stellar population age (e.g. see Dong et al. 2018; Saglia
et al. 2018 for the M31 bulge and Williams et al. 2017 for the
M31 disc observations and stellar population analyses). For this, we
employ correlations of stellar population age with [Fe/H] and [«/Fe]
calculated by Walcher et al. (2015) to find the relative difference
between them

A [Fe/H] = 0.02 (£0.001) x AAge (Gyr). (1)
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A [a/Fe]=0.02 (£0.001) x AAge (Gyr). 2)

In order to utilize these correlations, the currently observed
status of host galaxies, such as stellar population age, metallicity
([Fe/H]current), and a-elements ([a/Felcyment), 1S required. Those
properties are taken from Kang et al. (2016, 2020) which determined
the properties of 51 early-type host galaxies. Briefly, Kang et al.
(2016, 2020) observed early-type host galaxies from the SN Ia cata-
logue collected by Kim et al. (2019), covering most of the reported
nearby (0.01 < z < 0.08) early-type host galaxies up to that time. The
galaxy morphological classification is from the NASA Extragalactic
Database' or the HyperLeda data base (Makarov et al. 2014). Then,
using the Yonsei evolutionary population synthesis model (Chung
et al. 2013),2 they accurately determined the host galaxy stellar
population age and metallicity ([M/Fe]) from absorption line analysis
of observed very high quality spectra (mean signal-to-noise ratio
~175; see Fig 1). However, for using equations (1) and (2), we
need [Fe/H] and [«/Fe]. Those properties were provided by one
of the authors (Y. Kang), who determined them in Kang et al.
(2020).

Among 51 early-type galaxies, we need to select only genuine
early-type galaxies. Kang et al. (2020) provide 11 non-genuine
early-type galaxies. Three galaxies show ultraviolet/infrared (UV/IR)
excess, indicating significant ongoing or recent star formation ac-
tivities, identified from an UV-optical-IR colour—colour diagram.
Eight galaxies younger than 2.5 Gyr are classified as rejuvenated
(by recent minor star formation) galaxies based on the result of
Thomas et al. (2010), (see also Yi et al. 2005). Because those
non-genuine early-type galaxies are not homogeneous in terms of
stellar populations, it would not be appropriate to trace back the
birth environments with our methodology, which will adopt a single
stellar population model. Therefore, we do not include them in our
analysis, except for four very young (<0.1 Gyr) galaxies among
rejuvenated galaxies, because their current and birth environments
are very similar (A [Fe/H] ~ A [a/Fe] ~ 0.002). In total, we use
44 (out of 51) early-type host galaxies.

Given the age of each host galaxy, we can determine the difference
between the currently observed age and when the galaxy was
0 Gyr old (AAge). Then, from equations (1) and (2), we can
estimate A[Fe/H] and Al[a/Fe]. Finally, [Fe/H] and [«/Fe] at the
SN Ia progenitor star birth environment ([Fe/H]gi, and [o/Felgipm,
respectively) are determined from

(Fe/Hlpin = [Fe/Hlcurren: — A [Fe/H] 3)

[Ol/Fe]Birlh = [a/Fe]Currem — AlalFe]. 4)

An uncertainty for the birth environment is determined considering
the best-fitting value, upper and lower errors of currently observed
host galaxy properties with slope and its errors of equations (1)
or (2) depending on the birth environment. This gives a total of
27 calculations for each birth environment. Among them, a value
estimated from the best-fitting currently observed properties and the
slope was taken as a representative value of the birth environment, and
the difference between this representative value and the maximum
(minimum) value was considered an upper (lower) uncertainty.

Thttps://ned.ipac.caltech.edu
2We present in Section A the results with other models employed in Kang
et al. (2020).
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Figure 1. Example of a host galaxy spectrum of NGC 4493. The signal-to-noise ratio of the spectrum is ~148.9. The black and red solid lines are fully
calibrated spectra in the rest-frame, before and after the emission correction, respectively. The upper panel shows the entire wavelength coverage of observation,
where the absorption bands for H8, Mg b, Fe5270, Fe5335, and H « are indicated in colour shades. The grey line at the bottom of the panel shows the difference
between the best-fit model and the spectrum, where the detected emission lines (cyan) are overlapped on the residuals. The lower panels show the spectral
regions around HB + [O 111], Mg b + [N 1], and Ho + [N 11]. This figure and the caption (with a minor change) are taken from fig. 2 of Kang et al. (2016).

3 RESULTS

3.1 Comparison of currently observed and SN Ia progenitor
star birth environments

To visually illustrate the difference between the currently observed
and the SN Ia progenitor birth environments, we construct isochrones
based on the galaxy stellar population age, [Fe/H], and [«/Fe].
Because a base model of Kang et al. (2016, 2020) was constructed
from Yonsei—Yale stellar isochrones® (Kim et al. 2002; Demarque
et al. 2004), we also employ them to draw isochrones for each
host galaxy. Fig. 2 presents examples of host galaxy isochrones we
extracted. Blue isochrones show the currently observed status of the
host galaxy, while orange isochrones represent when the host galaxy
is 0 Gyr old, i.e. the SN Ia progenitor star birth environment. The
figure shows how different the two environments are: the older the
galaxy, the larger the difference (from the left to the right panel).
More specifically, we present the difference in [Fe/H] and [«/Fe]
between the SN Ia progenitor birth and currently observed environ-
ments in Fig. 3 for 44 host galaxies and also 34 hosts of normal SNe
Ia (see Section 3.2 for their selection criteria). At first glance, the
figure shows that the birth environments are more spread-out than
the currently observed environments. The birth environments have
17.9*2%5 per cent and 30.47'% per cent wider ranges for [Fe/H] and
[a/Fe], respectively, regardless of all or normal Ia host samples.
Due to the wider range, especially in [«a/Fe], a clear separation

3http://cascade.yonsei.ac.kr/ yckim/yyiso.html
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in [o/Felpixn is observed, implying distinct groups in the SN Ia
progenitor star.

Further, we performed the two-sample Kolmogorov—Smirnov
(KS) test to determine if birth and current environments are drawn
from the same distribution or not (the right panels of Fig. 3). The
test returned the p-values of 6.63 x 107> for [Fe/H] and 1.11 x 1073
for [a/Fe] when considering all 44 hosts. For the 34 normal Ia
hosts, p-values are 2.36 x 1073 for [Fe/H] and 5.77 x 103 for
[a/Fe]. This means that birth and current environments are sampled
from populations with different distributions, regardless of the host
sample.

3.2 Impact of the SN Ia progenitor star birth environments on
the SN observables

The birth environment is more directly related to the SN Ia pro-
genitor star. Investigation of the impact of the birth environment
on the progenitor star will be of great interest and importance for
understanding the underlying physics of SNe la. However, a direct
observation and analysis of the progenitor star are difficult to make.
Thus, here instead, we present the impact of the birth environment
on the SN Ia observables, such as SN Ia light curve shape and colour,
and the standardized luminosity, so called the Hubble residual (HR).

Fig. 4 shows the results of SALT2.4 light-curve fitter (Guy et al.
2007, 2010; Betoule et al. 2014) as a function of SN Ia progenitor star
birth (orange stars) and currently observed (faint blue) environments.
We note that for Fig. 4 we use the 38 (out of 44) SNe Ia that have
SALT2.4 light-curve fit parameters, such as x; for the SN Ia light-
curve shape and c for the SN Ia colour, and HRs. Among 38, only 34
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Figure 2. Examples of isochrones for the youngest, median, and oldest host galaxies in our sample. Blue isochrones indicate the currently observed status of

the host galaxies, while orange isochrones show the SN Ia progenitor star birth environments. We note that for illustration purpose, we use Age = 0.10 Gyr

instead of 0.0 Gyr for the birth age, but for the analysis, we use [Fe/H]gin and [c/Fe]girn at Age = 0.0 Gyr. Because of this, in the youngest, isochrones of

currently observed and birth environments overlap.
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Figure 3. Distributions of SN Ia progenitor star birth (orange) and currently observed (cyan) [Fe/H] and [«/Fe] for each of the 44 host galaxies. The 34 hosts
of normal SNe Ia (see Section 3.2 for their selection criteria) are indicated with solid lines around each star-shaped mark. The p-values of the two-sample
Kolmogorov—Smirnov test are presented in the right panels together with cumulative distributions. The birth environments for all and normal SN Ia samples
have 17.912267‘91 per cent and 30.4’:11(())‘?1 per cent wider ranges for [Fe/H] and [«/Fe] than the currently observed environments, respectively. The p-values in the
right panels show that birth and current environments are sampled from populations with different distributions, regardless of all or normal Ia host samples.

normal SNe Ia are used in statistical calculations. Normal SNe Ia are
selected based on the typical cut criteria when making a cosmological
sample, such as |x;| < 3 and E(B — V)yw < 0.15. SALT2.4 light-
curve fit parameters and HRs are taken from Kim et al. (2019). For
the HRs calculation, they use 2y, = 0.3 and Hy = 70 km s~! Mpc
— 1 assuming flat lambda cold dark matter (ACDM) cosmology.
From linear least-square regression fits (Table 1), we find that
light-curve fit parameters are insensitive to [Fe/H]p; (<0.90), while

HRs show a linear trend at 2.40 significance. For comparison, we
also performed the linear fits using [Fe/H]cyren. The [Fe/H]cument
trends and the significance with light-curve fit parameters and HRs
are very similar to the trends when [Fe/H]gi. is used.

For the first time, we investigate the relationship between SN Ia
properties and [«/Fe] in the right panels of Fig. 4 and Table 1 in order
to study whether [«/Fe] can have an impact on SN Ia properties and
split the SN sample into different groups.

MNRAS 529, 3806-3814 (2024)
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Figure 4. SALT2.4 light-curve fit parameters and Hubble residuals as a function of the SN Ia progenitor birth star (orange stars) and currently observed (faint
blue) environments for 38 SNe Ia in our sample. Among those, four light orange stars are SNe Ia that do not pass the typical cuts applied when making a
cosmological sample, such as |x;| < 3 and E(B — V)yw < 0.15. We do not include those when calculating statistics. Pink lines show the slope measurements
from a linear least-square regression fit, and pink shaded regions present the standard error of the estimated slope. Green squares in the right panel represent the
weighted-means of [o/Felpin and each SN Ia parameter in different [«/Fe] environments, split at [a/Felpin = 0.35 (black dashed lines; cf. [e/Fe]cyrrent = 0.40
based on the [a/Felgiqm split value). Their legends show the difference in each parameter in different [«/Fe]girqn environments. The p-values of the two-sample
Kolmogorov—Smirnov test and the distribution for SNe Ia in different [o/Fe]g;in environments (orange histograms) are also indicated in the right panels. We

observe a clear separation in the [a/Fe]girm plot.

Linear least-square regression fits with [«/Fe] show that both

[a/Felgim (<1.10) and [a/Felcumrent (<1.307) have no linear trends
(see pink lines at the right panels of Fig. 4 and Table 1). Interestingly,
however, in Fig. 3 a clear separation can be observed at [o/Fe]girn
= 0.35. We split the sample based on [o/Felgim = 0.35 (cf.
[a/Fe]lcuren: = 0.40 based on [a/Fe]ginn split value) to investigate
a difference in the weighted-mean of each parameter in each
environment (Table 2). SNe Ia that exploded in the [«/Fe]gin-rich

MNRAS 529, 3806-3814 (2024)

environment have intrinsically wider light-curve shapes than those
in the [a/Felgim-poor environment: 0.81 + 0.33 (2.5¢0). The two-
sample KS test returns a p-value of 0.01 (see orange histograms in the
upper-right panel of Fig. 4), meaning they are coming from different
populations at a statistically significant level. Regarding ¢ and HR,
there is no difference in weighted-means in each [«/Fe] environment:
0.01 £ 0.06 (0.20) for ¢ and 0.10 = 0.10 mag (1.00) for HR after
standard light-curve corrections. p-values of them are 0.67 and 0.27
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Table 1. Summary of linear fit slopes and their significance for the non-zero slope of SALT2 light-curve fit parameters and Hubble residuals with host galaxy

[Fe/H] and [«/Fe].

[Fe/H] [a/Fe]
Birth Current Birth Current
X1 -0.30 £ 0.74 (0.40) —0.80 £ 0.79 (1.00) 0.91 £ 0.80 (1.10) 0.73 £ 1.03 (0.70)
c -0.08 £+ 0.09 (0.90) —-0.06 £ 0.10 (0.60) 0.01 £0.10 (0.10) 0.08 +0.12 (0.70)
Hubble residual 0.47 £ 0.19 2.40) 0.50 +0.21 2.40) -0.16 £0.23 (0.70) -0.37 £0.29 (1.30)

Table 2. The weighted mean of SALT2.4 light-curve fit parameters and Hubble residuals in the different [a/Fe]gin environments. We split the sample at

[a/Felgirn = 0.35 (cf. [a/Felcurrent = 0.40 based on the [o/Fe]pirn split value).

NsN X1 c Hubble residual (mag)
[a/Felginn-rich 4 —0.81 £0.31 0.01 + 0.06 —0.05£0.10
[a/Fe]girn-poor 30 —1.62 £0.10 0.00 + 0.02 0.05 +0.03

Difference

0.81 + 0.33 (2.50)

0.01 £ 0.06 (0.20) 0.10 £ 0.10 (1.00)

for ¢ and HR, respectively. We note here again that the results are
based on the small number of SNe Ia, 34 normal SNe Ia, especially
only four SNe Ia in the [«/Fe]pin-rich group.

4 DISCUSSION

In this work, we trace back 44 SN Ia progenitor star birth environ-
ments, such as [Fe/H]gyw and [a/Felgiwm, employing the chemical
evolution of galaxies with accurately determined currently observed
stellar population properties of early-type host galaxies, such as
stellar population age, [Fe/H]cyment, and [e/Fe]cyrrent-

We first present how different the currently observed and the SN
Ia progenitor star birth environments are. We show that [«/Fe]gim
has the 30.4t11%§1 per cent wider range than [a/Fe]cymen, While the
range of [Fe/H]gixn is not statistically different to [Fe/H]cusent
(17.9*259 per cent).

Considering that the birth environments are more directly linked
to the SN Ia progenitor star, we investigate the impact of the birth
environment on the SN Ia properties with 34 normal SNe Ia. Light-
curve fit parameters are insensitive to [Fe/H] g, (<0.90 for the non-
zero slope), while a linear trend is observed with HRs at the 2.40
significance level. [a/Felgi, has no linear trends with SN Ia light-
curve fit parameters and HRs (<1.1¢). Interestingly, we can clearly
split the SN Ia sample into the two groups based on [a/Fe]gixn = 0.35:
SNe Ia exploded in [a/Felgym-rich and those in [o/Fe]gin-poor
groups. SNe Ia exploded in different [o/Fe]p;m, groups have different
weighted-means of light-curve shape parameters: 0.81 +0.33 (2.50).
The p-value from the two-sample KS test is 0.01, implying that they
are drawn from different populations at a statistically significant
level. In contrast, we do not find any difference in weighted-means
(<1.00) and distributions (p-value > 0.27) of colour and HRs in
different [o/Felp;, groups. We note that the results are based on the
small number of SNe Ia, 34 normal SNe Ia, especially only four SNe
Ia in the [a/Fe]gimm-rich group.

Host galaxy age is thought to be a strong candidate for the origin of
the environmental dependence of SNe Ia luminosities (e.g. Kim et al.
2018; Kang et al. 2020; Wiseman et al. 2023). However, in this work,
there is no impact from the host galaxy age, because our samples are
considered to be in the birth environment (i.e. 0 Gyr old). Instead,
the host galaxy age effect is absorbed into the birth environment
via the galactic chemical evolution, increasing the range of the birth
environment.

This work is performed only with SNe Ia that are exploded in
early-type host galaxies, which are mostly older than 2 Gyr (see
Kang et al. 2016, 2020). In this older (passive) environment, SN
Ia progenitor stars can have enough stellar evolution time from the
main-sequence to the white dwarf stages and then the explosion,
whereas in younger (star-forming) environments, evolution time is
expected to be very short (order of Myr). This means that for the
latter case, the SN Ia progenitor star birth environment is very
similar to the currently observed status of host galaxies (see the
difference of currently observed and birth [«/Fe] in the four [«/Fe]-
rich samples in Fig. 3). Thus, in this younger (star-forming) case, it
would be suitable to use the currently observed status of host galaxies.
However, almost half of SNe Ia are observed in older (early-type and
passive) environments (e.g. Rigault et al. 2020 for the low-redshift
(z < 0.1) sample, and Suzuki et al. 2012 for the high-redshift (z
> 0.9) sample). That means that half of the host galaxy properties
used in current studies are different from the true SN Ia progenitor
star birth environments. Also, the range of host galaxy properties
would be narrower than that of the birth environments. Because
of those two effects, the current environmental dependence studies
using the currently observed status of host galaxy properties could
result in a weak correlation between SN Ia properties and host galaxy
properties. In our sample, only 2 out of 34 are shifted from [«/Fe]-rich
to [a/Fe]-poor groups (see right panels of Fig. 4). This number would
have a limited impact on studies of the environmental dependence of
SN Ia properties. However, the difference in [Fe/H] and [«/Fe] have
an impact when performing the SN Ia explosion modelling work
(e.g. Timmes et al. 2003). In addition, when we have larger samples,
the impact of this group shift is expected to increase. Therefore,
the SN Ia progenitor star birth environments would provide more
accurate results in the studies of the environmental dependence of
SN Ia luminosities, allowing for a better understanding of the SN Ia
progenitor stars.

In order to further confirm and extend our findings, we need
more host galaxies, specifically those in younger ([a/Fe]-rich)
environments. At the same time, for tracing the SN Ia progenitor
star environment, accurate host galaxy properties, such as stellar
population age and metallicity, are required. Those galaxy properties
can be obtained from the spectroscopic observation and absorption
line analysis of early-type galaxies. Obtaining both younger environ-
ments and accurate host galaxy properties together from early-type
galaxies may seem counter-intuitive, because early-type galaxies
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are considered to have no star formation. However, as discussed in
Section 1, it is known that at least 15 per cent of nearby giant early-
type galaxies show a sign of recent (<1 Gyr) star formation (e.g. Yi
et al. 2005; Gomes et al. 2016a, b). Given this rate, we require large
numbers [0(10%)] of nearby SNe Ia and their host galaxies to obtain
statistically significant results. Those samples are expected to come
from ongoing and planned surveys, like the Zwicky Transient Facility
(Bellm et al. 2019; Graham et al. 2019) and the Rubin Observatory’s
Legacy Survey of Space and Time (LSST Science Collaboration
2009).

Given the recent star formation activity found in some early-
type galaxies, it is also important to understand the star formation
history of each host galaxy. From this, we can probe chemical
and mass assembly evolution for galaxies to determine the more
accurate SN Ia progenitor star birth environment. Soon, the Time-
Domain Extragalactic Survey conducted on the 4-metre Multi-Object
Spectrograph Telescope (Swann et al. 2019) begins its operation to
spectroscopically observe ~21 000 SN Ia host galaxies in 5 yr survey
time (C. Frohmaier in private communication). This data will enable
us to measure additional host galaxy properties, such as mass and
star formation history, by using a full spectrum fitting method.

This work shows that [a/Fe] can clearly distinguish the SN Ia
sample into two groups, while [Fe/H] cannot. As theoretical studies
showed the impact of the initial metallicity on the SN Ia luminosity
(e.g. Timmes et al. 2003; Kasen et al. 2009; Hoflich et al. 2010), it
would be an interesting test for the SN Ia explosion model to explain
the impact of specifically o-elements on the SN Ia explosion.

Combining results from these extended studies would lead us to a
better understanding of the origin of the environmental dependence
and, consequently, the underlying physics of the SN Ia. This allows
us to utilize SNe Ia as more accurate and precise standard candles
for cosmology.
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Figure Al. Same as Figs 3 and 4, but with the TMJ11 model. [«/Fe]
environments split at [a/Felgin = 0.40.

hereafter YEPS), Thomas, Maraston & Johansson (2011, hereafter
TMIJ11), and Schiavon (2007, hereafter S07) models. Among those,
they selected YEPS when they performed the quantitative analysis.
As discussed in Kang et al. (2020), YEPS is based on the more
realistic treatment of Helium burning stage in the stellar evolution
modelling and is well-calibrated to the colour—-magnitude diagrams,
integrated colours, and absorption indices of globular clusters in the
Milky Way and nearby galaxies (Lee et al. 2005; Joo & Lee 2013;
Chung, Yoon & Lee 2017). It is also producing ages for oldest host
galaxies which are not inconsistent with the age of the Universe.
Therefore, we also use YEPS as a reference model. Here, we present
the results with other two models: Fig. Al for the TMJ11 model
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Figure A2. Same as Figs 3 and 4, but with the SO07 model. [«/Fe]
environments split at [a/Fe]gin = 0.30.

and Fig. A2 for the SO7 model. The birth [«/Fe] environments
have 44.2*%3% per cent and 35.2%!}, per cent wider ranges than
the currently observed [«/Fe] environments for TMJ11 and S07
models, respectively. The ranges of birth and currently observed
[Fe/H] are similar: 47.1735 per cent for the TMJ11 model and
—10.8*1%3 per cent for the SO7 model. However, p-values (<0.001)
from the two-sample KS test show that the birth and currently
observed environments are drawn from the different populations. The
dependence of SN Ia properties on the progenitor birth environments
qualitatively shows similar trends as we found with YEPS. Although
different stellar population models give different [Fe/H] and [«/Fe]
values, this demonstrates that our results are independent of the stellar
population models.
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We note that because a [«a/Fe] treatment differs by the stellar split point for each model based on the [«e/Fe]g;qy distribution of each
population model (e.g. see section 2.4 of Chung et al. 2013 for the model (upper panels of Figs Al and A2).
YEPS model), the location of [«/Felgiq split point is expected to
vary across models. However, a detailed discussion of this is beyond
the scope of this paper. Thus, we selected the location of [a/Fe]girn This paper has been typeset from a TEX/IAIgX file prepared by the author.
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