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ABSTRACT

The metallicity of a supernova progenitor, together with its mass, is one of the main parameters that can rule their outcome. We
present the second study of nearby supernova (SN) host galaxies (0.005< z< 0.03) using Integral Field Spectroscopy (IFS) from the
CALIFA survey. We analyze the metallicity of 115 galaxies, which hosted 132 SNe within and 10 SNe outside the field-of-view (FoV)
of the instrument. Further 18 galaxies, which hosted only SNe outside the FoV were also studied. Using the O3N2 calibrator from
Marino et al. (2013) we found no statistically significant differences between the gas-phase metallicities at the locations of the three
main SN types – Ia, Ib/c and II, all having 12+ log(O/H) ≃ 8.50 within 0.02 dex. The total galaxy metallicities are also very similar
and we argue that this is because our sample consists only of SNe discovered in massive galaxies (log(M/M⊙) > 10 dex) by targeted
searches. We also found no evidence that the metallicity at the SN location differs from the average metallicity at the galactocentric
distance of the SNe. By extending our SN sample with published metallicities at the SN location, we are able to study the metallicity
distributions for all SN subtypes split into SN discovered in targeted and untargeted searches. We confirm a bias toward higher host
masses and metallicities in the targeted searches. Combining data from targeted and untargeted searches we found a sequence from
higher to lower local metallicity: SN Ia, Ic, and II show the highest metallicity, which is significantly higher than SN Ib, IIb, and
Ic-BL. Our results support the picture of SN Ib resulting from binary progenitors and, at least part of, SN Ic being the result of single
massive stars stripped of their outer layers by metallicitydriven winds. We studied several proxies of the local metallicity frequently
used in the literature and found that the total host metallicity allows for the estimation of the metallicity at the SN location with an
accuracy better than 0.08 dex and very small bias. In addition, weak AGNs that cannot be seen in the total spectrum may weakly bias
(by 0.04 dex) the metallicity estimate from the galaxy integrated spectrum.
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1. Introduction

Heavy elements up to the iron-groups are synthesized by fusion
of lighter nuclei in the cores of stars. When the nuclear en-
ergy source in the core gets exhausted the star enters the final
stage of its life. Within 4–40 Myr after their birth stars heav-
ier than∼ 8M⊙ form a heavy iron core, which gravitationally
collapses into a neutron star or a black hole (Bethe et al. 1979;
Arnett et al. 1989) triggering explosive ejection star’s outer en-
velope, an event called core-collapse supernova (CC SN). Stars
with masses between 1.5 and 8M⊙ form a degenerate carbon-
oxygen (C/O) white dwarf (WD) (Becker & Iben 1980) with
mass in the range of 0.5− 1.1M⊙ (Dominguez et al. 1999). If a
C/O WD is in a binary system, it can accrete mass from the com-
panion stat (another WD, a main sequence or red giant star). Un-
der certain conditions the WD can increase its mass to∼ 1.4M⊙
and thermonuclear reactions can ignite in its center to com-
pletely disrupt the star in a very bright thermonuclear explosion
(Hoyle & Fowler 1960) called Type Ia SN (SN Ia). This general
picture is supported by the fact that CC SNe are only found in ac-
tive star-forming galaxies, spiral arms and Hii regions (van Dyk
1992; Anderson et al. 2012; Galbany et al. 2014), which con-
firms that their progenitors should be massive short-lived stars,
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while SNe Ia are found in all types of galaxies, including early
type galaxies without ongoing star formation.

The exact understanding of the progenitor systems and ex-
plosion mechanism of SNe Ia remains elusive, and no direct pro-
genitor detection has been reported yet (but seeMcCully et al.
2014). However, there is growing evidence that the progenitor
stars of SN Ia have wide range of ages following a delay-time
distribution (DTD) with a form close tot−1 from hundreds of
Myr to 11 Gyr (Maoz et al. 2010). It has been suggested that
some small heterogeneities in the observed properties of SNe Ia
can be attributed to differences in the mechanism that drives the
explosion, such as the nature of the companion star (single or
double degenerate scenario) or if the explosion initiates as a det-
onation or a deflagration.

Type II is the most common class of SN and several pro-
genitor stars have been detected in pre-explosion images, al-
lowing to constrain their initial mass lie between 8.5 to 16.5
M⊙ (Van Dyk et al. 2003; Smartt 2015). Although for the pecu-
liar type II SN 1987A a blue supergiant (BSG) was suggested as
a progenitor (Hillebrandt et al. 1987), the most viable candidates
are red supergiants (RSG,Elias-Rosa et al. 2011; Maund et al.
2011); the more massive ones probably resulting in type IIP
(plateau or slow-decliners) and those that have lost large amount
of their H envelope and with yellow colors in type IIL (linear, or
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fast-decliners). Type IIn SNe show narrow lines in their spec-
tra, which result from interaction between the ejecta and cir-
cumstellar matter (CSM). For this reason, it has been proposed
that their progenitors could be Luminous Blue Variable (LBV)
stars (Smith et al. 2008). Although only a few progenitor de-
tections have been reported (Gal-Yam & Leonard 2009), there
is evidence that their progenitors could be less massive than the
normal SN II (Anderson et al. 2012; Habergham et al. 2014).

Type Ibc SNe, also called stripped-envelope SNe, are less
frequent and less detections are available (SeeLiu et al. 2015).
At the moment of explosion SNe Ic have lost their both H
and He layers and thus show no H and He lines in their spec-
tra. SNe Ib have lost only the outer H layer and show He
lines. There are two possible channels through which these ex-
plosions can occur. In the single-star scenario, the best can-
didates are massive (>25-30M⊙) Wolf-Rayet (WR) stars that
have been stripped of their envelopes by strong line-driven
winds, which are dependent on metallicity (Gaskell et al. 1986;
Crowther 2007; Georgy et al. 2009). The other possibility is
lower-mass stars that lose their outer envelopes during theevolu-
tion in a binary system (Podsiadlowski et al. 1992; Nomoto et al.
1996; Dessart et al. 2011). Although there should be a combina-
tion of both scenarios, the binary scenario presently enjoys sig-
nificant support (Fryer et al. 2007; Smith et al. 2011). A direct
progenitor detection in pre-explosion images has been reported,
but the exact nature of progenitor system could not be well con-
strained (iPTF13bvn,Bersten et al. 2014; Eldridge et al. 2015).
Finally, SNe IIb are a chameleon class between II and Ib. Ini-
tially they show only hydrogen lines in their spectra, but atlater
stages helium lines also appear. Thus suggests that SN IIb pro-
genitors have retained only a thin layer of hydrogen on the sur-
face. Possible detections of SN IIb progenitor and companion
have been reported (1993J,Aldering et al. 1994; Maund et al.
2004; 2011dh,Folatelli et al. 2014; Van Dyk et al. 2014), point-
ing to red (for 1993J) and yellow (for 2011dh) supergiants asthe
best candidates.

Given the difficulty of direct progenitor detection even in
high-quality pre-explosion images, the characterizationof the
SN environment has proved to provide constraints on the pos-
sible scenarios that lead to different SN type explosions (See
Anderson et al. 2015for a recent review). Among all the pa-
rameters that can be measured in the environment, the metal-
licity is of particular interest, because it is expected to affect
many aspects of the SN explosions, including the luminosity
of SNe Ia and the type of CC SN produced by the massive
stars (Bravo et al. 2010; Moreno-Raya et al. 2016; Modjaz et al.
2011). Most often the observed SN properties have been cor-
related to global metallicity of their host galaxies eitherdi-
rectly measured or inferred from other proxies.Prieto et al.
(2008); Kelly & Kirshner (2012); Prantzos & Boissier(2003);
Arcavi et al. (2010) all found that the number ratio of SN Ibc
to SN II increases with the metallicity. Regarding SNe Ia,
Childress et al.(2013) andPan et al.(2014) found that the Hub-
ble residuals correlated with the host gas-phase metallicity

There are also several examples in the literature that went
further and tried to characterize the local properties of the SN
environment. This is particularly relevant for the CC SNe,
which because of their short-lived progenitors explode closer to
their birth place and the metallicity measured at the SN loca-
tion should be close to that of the progenitor. On contrary, the
progenitor stars of SNe Ia most likely lived long enough to mi-
grate around the galaxy, and the host galaxy properties at the
SN explosion may not reflect the properties of the progenitor.
Modjaz et al.(2008) found that SNe Ic with broad lines, which

are associated with Gamma Ray Bursts, come from significantly
lower-metallicity host environments than their counterparts SNe
Ic. Using the radial position as a proxy for local metallicity
Anderson & James(2009) suggested a similar sequence in the
progenitor metallicity of CC SNe.Anderson et al.(2010) and
Leloudas et al.(2011) found no statistically significant differ-
ence between the local metallicity of SNe Ib and Ic, obtaining
slit or fiber spectra at SNe positions. However,Modjaz et al.
(2011) used local spectra and central spectra plus a metallicity
gradient to claim that larger differences exist between SNe Ic
and Ib. Taddia et al.(2013) studied the locations of SN1987A-
like events whose progenitors are blue supergiants (BSG), and
found lower metallicities compared to other CC SNe subtypes.
Also for SNe Ia, several studies tried to measure the local proper-
ties of the SN environment either using the offset as a proxy for
these local properties (Galbany et al. 2012), or by indirect ap-
proximations of the central metallicity and applying decreasing
gradients (Boissier & Prantzos 2009).

In this series of papers (Stanishev et al. 2012and
Galbany et al. 2014, hereafter Paper I) we take a different ap-
proach. We used wide-field integral field spectroscopy (IFS)at
intermediate spectral resolution provided by the CALIFA survey
(Sánchez et al. 2012a) combined with other previous observa-
tions to measure the properties of the gas and the stellar popu-
lations at the location of the SN explosion (in addition to other
global host properties). Our goal is to search for differences in
environmental parameters among SN types, which would also
help to constrain the nature of their progenitors, but we also
tested the accuracy of the various proxies to the local metallicity
used in the literature.Kuncarayakti et al.(2013a,b, 2015) also
used IFS observations, but with a smaller field of view that cov-
ered only small part of the galaxies.

In this second paper of the series we focus on the local SN
metallicity. The paper is structured a follows. The galaxy sam-
ple of SN hosts used in this work is presented in Section2. The
methods used to extract the needed information for this study
from the observed IFS data-cubes is outlined in Section3. We
present our results in Section4. Section5 contains the discus-
sion of these results, and finally in Section6 we summarize the
conclusions.

2. Galaxy and supernova samples

The galaxy and SN selection is already described in Paper I and
more details, including on the data reduction, can be found there.
In this work, the sample presented in Paper I was expanded with
33 galaxies (the details are given in Table1), which hosted 34
discovered SNe. In addition 3 new SNe exploded in two galaxies
already presented in Paper I. Thus the total sample used in this
work consists of 115 galaxies, with mean redshift of 0.015, that
hosted 132 SNe (47 type II, 27 type Ib/c+IIb, 58 Ia) which were
in the field-of-view (FoV) of PPAK. 81 galaxies were observed
by the CALIFA Survey and 34 from other CALIFA-related stud-
ies, using the same instrumental configuration. 12 of the 79
galaxies from CALIFA were delivered to the community in the
CALIFA Data Release 1 (DR1,Husemann et al. 2013) and 12
more in the CALIFA DR2 (García-Benito et al. 2015). Table2
gives the mean and the standard deviation of the redshift distri-
butions of the whole sample and split by SN type.

Seven galaxies from the sample (NGC 214, NGC 309,
NGC 628, NGC 1058, NGC 3184, NGC 3913 and NGC 5557)
also hosted 10 SNe, which were outside of the FoV of PPAK.
Further 18 galaxies from the CALIFA sample have SNe associ-
ated with them (one SN In each galaxy), but these SNe are out-
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Table 1.Properties of the 37 SNe added to the sample presented in G14.This corresponds to 34 SNe in 33 galaxies observed from June 2014, and
3 SNe that recently exploded in NGC 5404, NGC 6166 and UGC 04132.

Galaxy Morphology z E(B-V) PA b/a SN Type RA offset DEC offset Separation
[deg] [arcsec] [arcsec] [arcsec]

UGC 04132 Sbc 0.017409 0.067 116.7 0.42 2014ee IIn -17.1 -14.0 24.9
NGC 5406 SAB(rs)bc 0.017352 0.011 17.9 0.94 PSN J14002117+3854517 II +5.0 +3.0 4.9
NGC 6166 cD2 pec 0.030354 0.012 123.8 0.95 PS15aot Ia-91bg+1.5 -8.6 8.5
NGC 0309 SAB(r)c 0.018886 0.035 26.8 0.93 1999ge II +16.0 +6.7 17.6
NGC 0938 E 0.013736 0.100 91.9 0.77 2015ab Ia -9.3 +6.3 11.7
NGC 0991 SAB(rs)c 0.005110 0.024 36.7 0.94 1984L Ib -32.0 -22.0 35.0
UGC 02134 Sb 0.015297 0.151 8.2 0.51 2011jf Ibc +3.0 -1.0 37.2
NGC 1070 Sb 0.013636 0.050 89.8 0.75 2008ie IIb -22.0 +13.0 25.4
MCG -01-09-006† SB(rs)cd? 0.028977 0.066 107.5 0.32 2005eq Ia +15.9 +26.3 30.3
IC 0307† (R)SB(r)a pec? 0.025981 0.086 149.1 0.61 2005em IIb +38.0 -7.9 38.3
MCG -01-10-019† SAB(r)cd 0.017505 0.050 105.7 0.72 2001H II +5.8 -2.9 4.6
NGC 1667 SAB(r)c 0.015167 0.067 77.8 0.65 1986N Ia -12.0 -9.0 19.6
UGC 04195 SB(r)b 0.016305 0.050 111.0 0.71 2000ce Ia +15.1 +17.3 22.6
NGC 2554 S0/a 0.013870 0.050 70.0 0.77 2013gq Ia -0.6 -9.1 9.2
NGC 2565† (R’)SBbc? 0.011948 0.042 81.1 0.50 1992I II -28.5 +7.1 28.9

1960M I -13.0 +34.0 37.6
NGC 2577† S0 0.00678 0.048 16.8 0.51 2007ax Ia -2.6 +5.5 6.4
NGC 2595 SAB(rs)c 0.014443 0.035 125.9 0.95 1999aa Ia +1.0 +28.0 30.0
NGC 2596 Sb 0.019807 0.037 158.1 0.40 2003bp Ib +17.6 +11.6 22.0
NGC 2604 SB(rs)cd 0.006930 0.041 52.4 0.96 2002ce II -16.0 -12.0 23.1
UGC 04468 S0 0.025227 0.030 74.0 0.34 2006bb Ia +3.6 -27.5 27.7
NGC 2916 SA(rs)b? 0.012442 0.023 105.8 0.63 1998ar II +16.9 +38.5 42.3
UGC 05520 Scd 0.011058 0.034 15.0 0.63 2000L II +6.9 -19.3 22.0
NGC 5425† Sd 0.006918 0.018 38.5 0.35 2011ck IIP -14.8 +7.3 16.1
NGC 5525 S0 0.018523 0.022 109.1 0.36 2009gf Ia -31.0 -8.5 32.0
NGC 5557† E1 0.010737 0.006 120.3 0.94 1996aa Ia -5.0 +3.0 4.2
NGC 5559† SBd 0.017232 0.020 152.1 0.33 2001co Ibc-pec -13.5 -12.6 18.4
NGC 5587† S0/a 0.007682 0.023 73.1 0.32 2006dy Ia +10.0 +9.0 14.1
NGC 5732 Sbc 0.012502 0.015 130.4 0.56 ASASSN-14jf II +8.2 -17.6 20.0
NGC 6063 Scd? 0.00950 0.041 62.5 0.56 1999ac Ia-pec +23.9 -29.8 38.3
UGC 10123 Sab 0.012575 0.013 147.5 0.36 2014cv IIP +8.0 +2.0 6.0
NGC 7619 E 0.012549 0.072 116.5 0.85 1970J Ia -27.0 -30.0 37.0
NGC 7691 SAB(rs)bc 0.013479 0.062 79.1 0.98 2014az IIP -22.0 +18.0 28.4
UGC 06517 Sbc 0.008309 0.029 124.2 0.72 2006lv Ibc +10.0 +12.0 15.3
IC 0758 SB(rs)cd? 0.004253 0.018 109.8 0.93 1999bg IIP -33.0 -20.0 36.6
UGC 09356† S? 0.007419 0.027 15.2 0.46 2011cj IIP +4.4 +7.5 8.2
2MFGC 13321 Sb 0.026145 0.007 168.6 0.39 2002aw Ia -1.6 +1.5 3.4

Notes.The morphological galaxy type, redshift, Milky Way dust reddening, and SN angular separation are from the NED database.SN type and
offset (positive in the N and E direction) obtained from the Asiago SN catalogue. The position angle (PA, W to N) and the axis ratio (b/a) are
calculated in this work.(†) Only observed with the V500 grating.

side of the FoV1. These SNe were only used to check the results
of the analysis of the total galaxy properties of the main sample.
We always found that adding these extra SNe to the main sample
does not change the results. The parameters of these 25 galaxies
with SNe outside the FoV are given in TableD.1. In Table3 the
number of SNe in the galaxies in our sample by SN sub-type is
summarized.

Almost all SNe in our sample were discovered by targeted
searches. It is known that such searches are biased toward more
massive galaxies compared to the untargeted ones. As we will
see in Sec.5.1, most galaxies in our sample indeed have masses
larger than log(M/M⊙) ≃ 10. Thus, the results presented in this
work are representative for SNe discovered in targeted searches.

The 3D datacubes used in this work, including those already
presented in Paper I, were processed with version 1.5 of the
CALIFA reduction pipeline (García-Benito et al. 2015). Nine
of the galaxies from Paper I that at the time were observed only
with the red V500 grating (spectral resolution∼6Åand coverage

1 We detected up to twelve supernovae in our galaxy sample thatlack
from spectroscopic classification. We have not considered them any-
where in this analysis.

Table 2.Statistics of the redshift distributions.

Ia Ibc/IIb II All
〈z〉 0.0179 0.0125 0.0128 0.0150
σz 0.0090 0.0063 0.0074 0.0083

II – Ibc/IIb II – Ia Ibc/IIb – Ia CC – Ia
KS test 0.991 0.051 0.063 0.019
(z< 0.02) 0.951 0.120 0.189 0.087

within 3750- 7300Å), have now also been observed with the blue
V1200 grating (spectral resolution∼2.7Åand coverage within
3400- 4750Å). For these objects the combined V1200+ V500
datacubes were used.

3. Data analysis

The data analysis has been fully described inStanishev et al.
(2012) and Paper I. Here we just summarize the main steps and
add those not included in the previous papers. We note that the
measurements presented here and in Paper I are independent
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Table 3.Statistics of the SNe used in this work. SNe Ia in star-forming
(SF) and passive (P) hosts are given separately.

II Ibc/IIb Ia All
SF P

SNe in CALIFA hosts 54 32 59 15 160
Inside PPAK FoV 47 27 46 12 132

of the data analysis method used, and a comparison of several
methods within the CALIFA collaboration will be matter of a
future work (Rosales-Ortega et al. in prep.)

Each galaxy data-cube consists of approximately 4000 spec-
tra spread in square spaxels of 1"×1" in a hexagonal field of view
(FoV) of 1.3 arcmin2. We have applied our analysis procedures
to all the individual spectra. For most galaxies the spectrain the
outer parts have signal-to-noise (S/N) ratio which is insufficient
to extract useful information. To analyze the 2D maps of these
galaxies spatial binning was applied using adaptive Voronoi tes-
sellations (Cappellari & Copin 2003; Diehl & Statler 2006). The
new combined spaxels were required to have S/N around 20 in
the continuum band at 4610±30 Å.

The main goal of this paper is to study the metallicity at
the SN locations, both stellar and gas-phase. However, in many
cases the SN location is on a low S/N spaxel. Because the Vi-
ronoi binning is an automatic procedure the new bins are in gen-
eral not centered at the SN locations. To measure the metallicity
at the SN location we followed the same approach as in Paper I.
Series of spectra were extracted in apertures centered at the SN
positions and with radii up to 6′′. For some SNe even this was
not enough to measure the stellar metallicity and a few cases
also the gas metallicity2. The aperture of the spectrum of each
SN used for the analysis in this work is given in TablesD.2 to
D.4.

We also analyzed the total galaxy spectra formed by sim-
ply summing the individual spaxel spectra with S/N≥ 1. This
removed the outer low S/N part of the FoV, which contains lit-
tle light from the galaxy and mostly add noise to the summed
spectrum. In several cases, foreground stars in the FoV were
also masked out. This analysis was performed in order to com-
pare the properties of the host as derived from integrated spec-
troscopy, to those derived from spatially resolved spectroscopy.

In order to measure the emission lines flux accu-
rately, the stellar continuum was subtracted usingSTARLIGHT
(Cid Fernandes et al. 2005). We performed series of tests com-
paring the base of 66 single stellar population (SSP) models
with different ages and metallicities fromStanishev et al.(2012)
and Paper I, extracted from the Charlot & Bruzual 2007 models
(Bruzual 2007), with another basis consisting of 260 SSPs from
the basis described inGonzález Delgado et al.(2014). The latter
covers ages from 1 Myr to 18 Gyr, four metallicities – 0.2, 0.4,
1.0 and 1.66Z⊙, whereZ⊙ = 0.019, and usesSalpeter(1955) ini-
tial mass function (IMF). We found that which basis is used has
little effect on the measured emission line fluxes. Thus, to speed
up the analysis the 66 SSPs basis was used for the continuum
subtraction and measurement of the gas-phase properties. The
most prominent emission lines were fitted using a weighted non-
linear least-square fit with a single Gaussian plus a linear term,
and corrected for dust attenuation using the ratio of Hα and Hβ
emission line fluxes. Finally, spatially resolved 2D maps ofthe
flux and error for each line were produced.

2 Even though metallicity is derived from the spectra at the SNspaxel
with 1x1" size, the resolution of the cubes is∼2.57". The effect of this
will be further discussed in Sec5.2.

For the analysis of the properties of the stellar populations,
our test indicated that the properties recovered with the larger
basis were more stable and in particular in a given galaxy the
stellar metallicity showed smaller scatter. Thus, the estimations
of the stellar mass from the total spectra, and the stellar age and
metallicity for each particular measurement, were obtained from
the STARLIGHT fits with the 260 SSPs basis. In this work we
focus only on the mass-weighted metallicity estimate. For cal-
culating the galaxy masses, the distances inferred from Hubble
law were used. Only for the very nearby galaxies distances from
Cepheid, Tully-Fisher or other direct methods were used when
available.

3.1. Oxygen abundance

Nebular emission lines are a good tracer of the young and
massive stellar populations that ionize the interstellar medium
(ISM), and are the main tool at our disposal for the direct mea-
surement of the metal abundance. Since oxygen is the most
abundant metal in the gas phase and exhibits very strong neb-
ular lines in optical wavelengths, it is usually chosen as a metal-
licity indicator in ISM studies. The most accurate method to
measure ISM abundances (the so-called direct method) involves
determining the ionized gas electron temperature, Te, which is
usually estimated from the flux ratios of auroral to nebular emis-
sion lines (e.g. [Oiii] λλ4959,5007/[O iii] λ4363, Izotov et al.
2006; Stasínska 2006). However, the temperature-sensitive lines
such as [Oiii] λ4363 are very weak and difficult to measure,
especially in metal-rich environments. Using V1200 CALIFA
data for 150 galaxies,Marino et al.(2013) (M13 hereafter) iden-
tified only 16 Hii regions from which this line can be mea-
sured and used them to reliably derive Te. Due to the diffi-
culty to find the needed emission lines to estimate the metal-
licity using the direct method, other alternatives have been de-
veloped over the years. The so-called empirical methods con-
sist of a combination of easily measurable gas emission parame-
ters that are calibrated against the metallicities previously deter-
mined by the direct method from Hii regions and galaxies. In-
stead, the theoretical methods are calibrated by comparingthe
measured line fluxes with those predicted by theoretical pho-
toionization models. While these two methods have been probed
to be sensitive to relative variations of the metallicity, they also
showed systematic differences on the absolute metallicity scale
(seeKewley & Ellison 2008for a review). Indeed, the theoret-
ical methods have been showed to overestimate the metallicity
by a few tenths of dex, and the empirical methods may underes-
timate it (Moustakas et al. 2010). Since our aim is to determine
the gas oxygen abundances at SN sites within the galaxies, and
the direct method cannot be used everywhere reliably with our
data, we used several alternative methods described above.

As a primary method, we use the empirical calibration based
on the O3N2 index, firstly introduced byAlloin et al. (1979),
which gives an estimation of the oxygen abundance from the
difference of the O3 and N2 line ratios. This calibration has
the advantage (over other methods) of being insensitive to ex-
tinction due to the small separation in wavelength of the emis-
sion lines used for the ratio diagnostics and not suffer from
differential atmospheric refraction (DAR). Anyway, the extinc-
tion is not a problem in our case since our emission lines mea-
surements are already extinction corrected. Recently, M13pre-
sented new calibrations for this O3N2 and for the N2 indices
including new direct abundance measurements at the high metal-
licity regime, which is an advantage compared to the mostly
usedPettini & Pagel 2004(hereafter PP04) O3N2 calibration
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that used instead photoionization models for that regime. Al-
though the relative differences between the two calibrations are
kept, these new calibrations give more physical results, not al-
lowing for example very high values of the oxygen abundance
(e.g.>9.0 dex). For this reason, the main analysis will be done
using the empirical calibration introduced in M13.

We used three alternative methods to check the O3N2 re-
sults: (a) the M13 calibration based only on the N2 index; (b)the
method described inPilyugin et al. 2010(hereafter P10) which
makes use of the [Oii] λλ3726,3729 doublet; and (c) the method
described inPilyugin & Mattsson 2011(hereafter P11) that uses
the [Sii] doublet.

We note that those emission lines measurements that fall
in the AGN region in the BPT diagram (Baldwin et al. 1981)
according to theKewley et al.(2001) criterion, were excluded
from the analysis everywhere in the paper. This happened ba-
sically in the central spaxels of a significant fraction (∼50%) of
our galaxies.

3.2. Metallicity gradients

The radial variation of the metal abundance in galaxies has
been studied in several works using a wide range of ap-
proaches and instruments (Diaz 1989; Zaritsky et al. 1994;
Garnett et al. 1997; Henry & Worthey 1999; Rolleston et al.
2000; Boissier & Prantzos 2009; Sánchez et al. 2012b;
Marino et al. 2016). The existence of radial metallicity decrease
towards the galaxy outskirts is now commonly accepted and it
can be explained by the combined effects of a radially varying
star formation rate and gas in-fall. It has also been suggested
in the past that the magnitude of the radial decrease has a
characteristic value (Diaz 1989; Vila-Costas & Edmunds 1992;
Bresolin et al. 2009; Yoachim et al. 2010; Rosales-Ortega et al.
2011). IFS is the technique best suited to study in detail the
metal abundance distribution across the galaxy surface andgain
insight on its radial dependence. Using HII regions of about
300 galaxies observed by CALIFASánchez et al.(2014) have
demonstrated the universality of the gradient, which has been
confirmed bySánchez-Menguiano et al.(2016) performing a
spaxel by spaxel analysis.

We determined metallicity gradients in our galaxy sample
using our methodology to estimate the disk effective radius (see
AppendixA), and the galaxy position angle and inclination. For
each galaxy the metallicity obtained at each spaxel was plotted
as a function of the deprojected galactocentric distance and fit-
ted with a first-order polynomial to estimate the galaxy metallic-
ity gradient. As stated in Section3.1, the central spaxels show-
ing emission coming from AGN were removed from the fit be-
cause the gas emission lines observed in such regions are not
due to ionization coming from young massive stars. All the 11
passive/elliptical galaxies in our sample show weak emission in
their central regions, which in all cases was classified as coming
from an AGN. Five of these galaxies also showed traces of weak
emission lines in the central parts outside the AGN-affected re-
gion, but those were not strong enough for measuring gradients.

Generally, in most galaxies the metallicity decreases withthe
radial distance. A clear example of the general case is givenin
Figure1 (top panel) for NGC 4961. However, in some galaxies
a metallicity decrease or flattening close to the center was found
(see UGC 03555 in Fig.1 bottom panel). This central metallic-
ity decrease was first noted byRosales-Ortega et al.(2011) and
Sánchez et al.(2012b), and was studied in more detail with the
whole CALIFA sample bySánchez et al.(2014), who found that
about 25% of the galaxies showed it. This feature appears to

be associated with a circumnuclear star-formation ring, where
gas tends to accumulate due to non-circular motions (Fathi et al.
2007), and does not seem to be associated with the morphologi-
cal type of galaxies or with the presence of a bar. In our sample,
18 out of 58 (31%) of the SN Ia, 13 out of 47 (28%) of the SN II,
and 7 out of 27 (26%) of the SN Ibc host galaxies showed the
central decrease. If we include those galaxies that show a flat-
tening rather than a decrease toward the center, all percentages
would increase to around 40%. It is also interesting to note that
∼ 50% of the galaxies hosting an AGN (27 out of 58) show the
central metallicity decrease and excluding the 11 elliptical galax-
ies the percent increases to∼60% (27 out of 47). Besides, 30%
(8 out of 27) of the galaxies that fall in the composite regionof
the BPT diagram also show the decrease, but only one located
in the star-forming region (UGC 03555) shows this effect. Ex-
ploring the possible connection between the central metallicity
decrease and the presence of AGN is certainly interesting, but it
is beyond the scope of this paper.

4. Results

In this section we explore the 2D maps of SN host galaxies in
search for correlations between the SN type and the properties
of their host galaxies regarding the gas elemental abundance and
the stellar metallicity. There are 11 galaxies (host of 12 SNe
Ia) in our sample which after subtracting the stellar continuum
contribution, do not show emission lines at any position or only
show weak emission in their central regions: NGC 0495, NGC
1060, NGC 2577, UGC 04468, NGC 4874, NGC 5557, NGC
5611, UGC 10097, NGC 6166, NGC 6173, and NGC 7619. As
in Paper I, we use these 12 SNe Ia only when the parameter
needed for the analysis is measurable. In the following sections
most of the results are presented in the form of cumulative dis-
tributions (CDFs). We have performed tests to check whether
the differences between the mean values and the standard devia-
tions of the distributions are statistically significant. Two-sample
Kolmgorov-Smirnov (KS) tests were also performed to check
whether the data was drawn from the same underlaying popu-
lation. The measured quantities for individual galaxies/SNe are
reported in TablesD.2, D.3, andD.4. In Tables4-7 we give the
mean and median statistics of the distributions and their asym-
metric errors for the three SN subtypes.

4.1. Global and local metallicities

The cumulative distributions of the local gas and stellar metal-
licities for each SN type are shown in the upper row of Fig.2,
and the properties of the distributions are given in Table4. There
are differences between the distributions of the local gas-phase
metallicity among the SN types, but the KS test indicates that
only the distribution of SN Ia and SN II could be different at 95%
significance. The differences between the mean total metallici-
ties are also small (∼0.04 dex) and the statistical tests again indi-
cate that the differences could be significant only between SN Ia
and SN II at 95% significance. It is also interesting that the stan-
dard deviation of the distribution for SNe Ia is twice smaller than
those of the core-collapse SNe, and this difference appears to be
statistically significant. The differences between the mean stellar
metallicitiy at the SN location are larger than for the gas-phase
metallicity, but the standard deviations of the distributions are
also significantly larger. The KS test indicates no statistically
significant differences between the distributions. Even though
the differences between the mean metallicities at the SN loca-

Article number, page 5 of24



NGC4961 − log(OIII/H β)

20 0 −20
R.A.[arcsec]

−20

0

20

D
ec

[a
rc

se
c]

NGC4961 − log(OIII/H β)

20 0 −20
R.A.[arcsec]

−20

0

20

D
ec

[a
rc

se
c]

4 kpc

−0.70

0.40
NGC4961 − log(NII/H α)

20 0 −20
R.A.[arcsec]

−20

0

20

D
ec

[a
rc

se
c]

NGC4961 − log(NII/H α)

20 0 −20
R.A.[arcsec]

−20

0

20

D
ec

[a
rc

se
c]

4 kpc

−1.00

−0.20
NGC4961 − 12+log(O/H) M13,O3N2

20 0 −20
R.A.[arcsec]

−20

0

20

D
ec

[a
rc

se
c]

NGC4961 − 12+log(O/H) M13,O3N2

20 0 −20
R.A.[arcsec]

−20

0

20

D
ec

[a
rc

se
c]

4 kpc

8.20

8.60

8.3

8.4

8.5

8.6

12
+

lo
g(

O
/H

) M
13

,O
3N

2

NGC4961
a = 8.535

b = −0.107

0.0 0.5 1.0 1.5 2.0 2.5
R (re)

0 2 4 6 8
R (kpc)

UGC03555 − log(OIII/H β)

20 0 −20
R.A.[arcsec]

−20

0

20

D
ec

[a
rc

se
c]

UGC03555 − log(OIII/H β)

20 0 −20
R.A.[arcsec]

−20

0

20

D
ec

[a
rc

se
c]

4 kpc

−1.20

0.70
UGC03555 − log(NII/H α)

20 0 −20
R.A.[arcsec]

−20

0

20

D
ec

[a
rc

se
c]

UGC03555 − log(NII/H α)

20 0 −20
R.A.[arcsec]

−20

0

20

D
ec

[a
rc

se
c]

4 kpc

−0.80

−0.10
UGC03555 − 12+log(O/H) M13,O3N2

20 0 −20
R.A.[arcsec]

−20

0

20

D
ec

[a
rc

se
c]

UGC03555 − 12+log(O/H) M13,O3N2

20 0 −20
R.A.[arcsec]

−20

0

20

D
ec

[a
rc

se
c]

4 kpc

8.30

8.70

8.3

8.4

8.5

8.6

8.7

12
+

lo
g(

O
/H

) M
13

,O
3N

2

UGC03555
a = 8.682

b = −0.132

0.0 0.5 1.0 1.5 2.0 2.5
R (re)

0 2 4 6 8 10 12
R (kpc)

Fig. 1. NGC 4961 and UGC 03555 OIII/Hβ, NII /Hα, and oxygen abundance maps (top) and gradient fits (bottom).Black dots are measurements
in individual spaxels, grey dots are measurements in Voronoi spaxels, blue dots are measurements from azimuthal averaged spectra, and red
dots are measurements from the spaxels where SNe exploded (2001ee-II in the top figure, and 2004ge-Ic/1999ed-II in the bottom figure). Mean
representative X- and Y- errors are plotted in the lower-left corner for reference.
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Fig. 2. SN environment measurements
of the oxygen abundance (left) and the
mass-weighted stellar metallicity (right) for
galaxies hosting different SN types. In the
top row we show the distributions of the lo-
cal metallicity while in the bottom row to-
tal metallicity distributions are plotted. The
ordinate indicates the fraction of the SN
population with metallicities less than the
abscissa value.

tions are small, it is worthy noting that SN Ia have the highest
metallicity of the three SN types.

The lower row of Fig.2 shows the cumulative distributions
of the total galaxy metallicity. The gas-phase metallicityof the
three SN types hosts is on average very similar for the three SN
types (∼8.48 dex) and the distributions are statistically undistin-
guishable. However, similarly to the metallicity at the SN loca-
tions the standard deviation of the distribution of SNe Ia hosts is
smaller than the core-collapse SNe. The total stellar metallicity
shows noticeably larger differences between the three SN types,
with the difference between SN Ia and SN II being statistically
significant. Again, even tough the differences are small, SN Ia
have the highest metallicity of the three SN types.

Figure3 shows the cumulative distributions of the difference
between the local and the global metallicity. The properties of
the distributions are given in Table5. All distributions are cen-
tered close to the zero, but there are small differences between
the SN types. The local gas-phase metallicity of SN Ia is on av-
erage 0.03 dex higher than the total galaxy metallicity and this
is the only difference that is statistically significant. The differ-
ences between the local and the global stellar metallicities is not
significant for any SN type.

4.2. Other proxies of the local metallicity

In the past several indirect measurements have been used to es-
timate the metallicity at the SN location. The spatially resolved
spectroscopy nature of our data allowed us to estimate the metal-
licity at the SN position and at the same time to compare it to the
metallicity at the SN location estimated by other approximations.
Therefore, we are in a position to test whether such methods are
good proxies for the local SN metallicity.

In the previous Section we have shown that the metallicity
measured from the total galaxy spectrum is a fair approximation
of the local metallicity. In this Section we focus on severalother

Table 4. Properties of the distributions of the gas-phase and stellar
metallicities at the SN location and the total galaxy. Shownare the
mean, the standard deviationσ, the standard deviation of the meanσm,
the median and the number of SNe.

SN type mean σ σm median N
12+log(O/H)local

Ia 8.522 0.056 0.009 8.537 39
Ib/c 8.500 0.114 0.023 8.520 25
II 8.484 0.112 0.017 8.494 44

12+log(O/H)total

Ia 8.492 0.054 0.008 8.505 44
Ib/c 8.489 0.076 0.015 8.500 27
II 8.477 0.074 0.011 8.500 47

log(Zm/Z⊙)local

Ia 0.032 0.173 0.026 0.052 44
Ib/c −0.049 0.232 0.053 0.067 19
II −0.012 0.238 0.043 0.043 30

log(Zm/Z⊙)total

Ia 0.021 0.149 0.020 0.060 58
Ib/c −0.069 0.239 0.046 0.007 27
II −0.105 0.223 0.033 −0.022 47

proxies. The results of these proxies are given in Table5 for the
three SN types and explained below.

4.2.1. Central metallicity

The Sloan Digital Sky Survey and other galaxy surveys use fiber
spectrographs to provide thousands of spectra of the central re-
gions of galaxies in the nearby Universe. Such surveys can be
very useful for SN studies (see e.g.,Prieto et al. 2008), but this
approach has several drawbacks. Galaxies with AGN cannot be
used because the strong line methods for gas-phase metallicity
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Fig. 3. Differences between the local and
the total oxygen abundance (left) and mass-
weighted stellar metallicity (right) for different
SN types.

estimate are no longer valid. As we discuss in AppendixA, a
large fraction of the galaxies in our sample have AGNs. More
specifically, 59% of the star-forming SN Ia hosts (27 of the 46),
22% of SN Ibc/IIb hosts (6 out of 27) and 32% of SN II hosts (15
out of the 47) have AGNs. As we have already shown in Paper
I, there is a higher ratio of SN Ia host galaxies that have an AGN
compared to the galaxies that hosted other SN types. This ratio
would increase to 67% if the 11 elliptical galaxies, all of which
host an AGN, are included.

Figure4 shows the distribution of the differences between the
local metallicity and the metallicity measured at the galaxy core
only for those galaxies with both measurements available. For
the gas-phase metallicity all distributions have negativemean
values and thus the central metallicity is an overestimation of the
metallicity at the SN position. The offsets are not large,−0.018,
−0.025 and−0.055 dex for SN Ia, Ibc and II, respectively, and
only the one for SN II is statistically significant. The smallest
offset for SNe Ia could be explained by the metallicity decrease
towards the center in some galaxies (see previous section).More
than half of SN Ia hosts in our sample have such decrease, which
would center the distribution toward zero. The fraction of galax-
ies with the central decrease among the CC SN hosts is lower
and hence the offset is larger. The difference of the stellar metal-
licities are−0.088,−0.083 and−0.030 dex for SN Ia, Ibc and II,
respectively, with only the first two being statistically significant.
The corresponding standard deviations areσIa=0.19,σIbc=0.13
andσII=0.32 dex. These results indicate the error if the central
metallicity is used as a proxy for the local metallicity. However,
because the standard deviation and the offset from zero are both
larger than that for the total metallicity, its accuracy is lower.

Our findings agree with those ofModjaz et al.(2011) who
found that local metallicities of SN Ibc in their sample weregen-
erally lower than the central ones. However their central estima-
tion came from host galaxy luminosity and not from gas emis-
sion line ratios. Our results also agree withSanders et al.(2012),
who claims that central and local metallicities are equal within
0.1 dex (in PP04 scale).

4.2.2. Central metallicity plus characteristic metallicity
gradient

Another approach to estimate the local metallicity is to usethe
central metallicty plus the characteristic metallicity gradient (in
normalized units). This can be very useful to utilize galaxysur-
veys performed with multi-fiber spectrographs like SDSS, which
for low-redshift galaxies provide only the central metallicity. We
here normalized the individual metallicity gradients to a com-
mon ruler, the disc effective radiusre, the radius containing half
of the total integrated flux coming from the disc component.
The procedure followed to estimatere is described in Appendix
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Fig. 4. Distributions of the differences between local and central
metallicity.
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Fig. 5. Distribution of differences between local metallicity and the
proxy using central metallicity plus characteristic gradient.

A. We have tested this approach and Fig.5 shows CDFs of the
differences. Of all proxies considered here, this one shows the
largest mean differences and appears to be the least accurate one
(Table5). Only the difference for SN II is not statistically sig-
nificant. The larger offset for SN Ia is likely due to the larger
fraction of hosts with central metallicity decrease, whichwill
bias this estimator.

4.2.3. Metallicity gradient and radial distance

Metallicity gradients measured with long-slit spectroscopy have
been used to estimate the metallicity at the location of SN ex-
plosions. The gradients are usually measured by placing theslit
along the galaxy major axis and then the metallicity at the ra-
dial distance of the SN is estimated. We estimated the gas-phase
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Fig. 6. Distribution of differences between local metallicity and the
proxy using gradients (left) and the metallicity of the closest HII region
(right). All measurements performed with O3N2 index.

metallicity at the SN location using the individual metallicity
gradient for each galaxy obtained in Section3.2 and the depro-
jected GCD of the SN. In the left panel of Figure6 we show
the distributions of the differences between the metallicity at the
SN position and that estimated using the gradients. We see that
all SN types have narrow distributions with standard deviations
of σIa=0.085,σIbc=0.053 andσII=0.071 dex, and no significant
differences in the average values can be seen for different SN
types. This is an indication that a (well-measured) metallicity
gradient could be a good approximation to the value at SN posi-
tion for SNe Ibc and II. For SN Ia the total metallicity appears to
be a better approximation.

4.2.4. Closest HII region

As in Paper I, HIIexplorer (Sánchez et al. 2012b) was used to
extract HII regions from the extinction corrected Hα emission
maps. The caveats of this method are fully described in PaperI,
but the main ones are that (i) we are actually selecting clumps
of HII regions (1 to 6,Mast et al. 2014) instead of individual
regions, especially in more distant galaxies; and (ii) thismethod
tends to select regions with similar sizes, although this isnot the
case for real Hii regions in galaxies.

For each SN, we determined the SN host Hii region by se-
lecting the clump that is closest to the SN location in terms of
deprojected distance, and the spectra of the spaxels belonging
to that Hii region were co-added and analyzed. It is reasonable
to consider that for CC SNe the progenitor might be formed in
fainter Hii regions not detected by this method. For SNe Ia it
is difficult to associate the selected Hii region as the place were
the progenitor was formed as SNe Ia may have old progenitors,
which might have migrated away from their birthplace.

In the right panel of Fig.6 we show the distributions of the
differences among the metallicity at the SN position and that
of the closest Hii region. All distributions are centered at zero
within 0.01 dex and have small standard deviations∼ 0.04 dex3.
The standard deviations are smaller than both the local metal-
licity estimates using gradients and the total metallicity, which
means that the metallicity of the nearest Hii region is a better
approximation. This is expected because compared to the other
proxies of the local metallicity, the nearest Hii region is the most
direct measurement.

3 The width of the distribution for SNe Ia larger, but this is because
of a single deviating point. Once this point is removed, the distribution
becomes the narrowest of all with standard deviation 0.03 dex.

Table 5. Properties of the distributions of the differences between the
metallicity estimated from local measurements and the metallicity es-
timated using different proxies. Shown are the mean, the standard de-
viation σ, the standard deviation of the meanσm, the median and the
number of SNe.

SN type mean σ σm median N
12+log(O/H)local−total

Iaa 0.029 0.050 0.008 0.032 39
Ib/c 0.012 0.064 0.013 0.020 25
II 0.006 0.078 0.012 0.008 44

12+log(O/H)local−HII

Ia −0.004 0.035 0.006 0.001 39
Ib/c 0.007 0.037 0.007 −0.001 25
II 0.008 0.042 0.006 0.002 42

12+log(O/H)local−gradient

Ia −0.014 0.045 0.007 −0.007 39
Ib/c −0.003 0.041 0.008 −0.002 25
II 0.001 0.069 0.011 0.005 43

12+log(O/H)local−central

Ia −0.018 0.056 0.014 −0.026 16
Ib/c −0.024 0.077 0.018 −0.019 19
IIa −0.056 0.082 0.015 −0.082 31

12+log(O/H)local−central+gradient

Iaa 0.052 0.056 0.014 0.057 16
Ib/ca 0.043 0.077 0.018 0.036 19
II 0.020 0.071 0.013 0.003 31

log(Zm)local−total

Ia −0.004 0.150 0.023 −0.011 44
Ib/c 0.004 0.150 0.034 0.047 19
II 0.042 0.178 0.032 0.047 30

log(Zm)local−central

Iaa −0.086 0.185 0.028 −0.070 44
Ib/ca −0.083 0.131 0.030 −0.099 19
II −0.029 0.311 0.057 −0.024 30

Notes.(a) statistically significant difference.

4.3. Aperture effects

At low redshift fiber spectrographs usually measure only the
light from the central region of galaxies. As the redshift in-
creases, the fraction of the galaxy light integrated by the fibers
also increases. Comparing measurements obtained from differ-
ent integration fractions of the galaxy introduces a bias inthe
results, and aperture effects must be accounted for. IFS makes
it possible to extract spectra integrating the datacubes indif-
ferent apertures to study how the galactic parameters change
with the aperture. In this way we are able to simulate obser-
vations obtained with different fixed-size fibers or, what would
be equivalent, observations with a fixed-size fiber of galax-
ies at different redshifts. This has been studied in detail in
Iglesias-Páramo et al.(2013) with Hα emission, in Iglesias-
Páramo et al. (sub. to A&A) for oxygen abundances using the
whole CALIFA galaxy sample, and inGomes et al.(2015) with
CALIFA early-type galaxies.

We calculated the spectra within 12 circular apertures cen-
tered at the galaxy cores and increasing the radii from 3 to 36′′ in
steps of 3′′. The same procedure used for the individual spaxels
was applied to measure the metallicities from each of the in-
creasing aperture spectra. The left panel of Figure7 shows the
average values of the oxygen abundance for each SN type hosts
as a function of an increasing aperture. The measurements lay-
ing in the AGN region of the BPT diagram are not considered
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Fig. 7. Left: Mean values for oxy-
gen abundance from the central spaxel
(value at 0 arcsec) to the total spectra
(value at 39 arcsec), increasing the aper-
ture in steps of 3 arcsec. Error bands are
errors of the mean values. The upper x-
axis shows where the aperture with 3"
diameter is projected for different red-
shifts. Right: Same measurements but
normalizing the unit of the aperture to
the effective radius of the galaxies.

in the construction of the averages of this measurement. On the
right panel we show the same measurements but changing the
radial scale to the disc effective radius of each galaxy. The dif-
ferences between the central and the total values shown in the
previous subsection arise here with the intermediate behaviors.
We see that the average gas abundances decrease with increasing
the aperture, and the hosts of the three SN types remain ordered
as it is shown in the total distributions (See Fig.2). The SN Ia
band is above the two CC SN bands, and SN II show lower val-
ues than SN Ibc host galaxies. This behavior is easily explained
(and expected) by the presence of metallicity gradients. Asthe
aperture increases, new regions that are farther from the cen-
ter are included in the integrated spectra. If these new regions
are metal-poorer than their inner counterparts, the average of the
aperture would be reduced, but not at the level of the metallicity
of the new regions. Also remarkable is that in the two figures,
SN Ia galaxies band is shallower compared to the CC SN host
bands. Although passive galaxies are not included in the SN Ia
group we show in AppendixB that the metallicity gradients of
SN Ia hosts were also shallower. The maximum difference for
any SN host is around 0.04 dex, and this would be an estimation
of the systematic error when using fiber spectra measurements
of galaxies spanning a wide range of redshifts.

A similar approach was used byGonzález Delgado et al.
(2015) who instead of studying how the stellar metallicity varies
at increasing circular apertures, studied the deprojectedradial
profiles and gradients, splitting 300 galaxies from the CALIFA
sample by morphology and mass. Their results are in agreement
with our findings. Elliptical and S0 galaxies have higher stel-
lar metallicities and flatter gradients than the late-type galaxies.
This corresponds to our SN Ia group since these types of galaxies
only host thermonuclear supernovae.

5. Discussion

5.1. Total metallicity

We have seen that the gas-phase and the mass-weighted stellar
metallicities derived from the integrated galaxy spectra show dif-
ferent behavior for the three SN types (Fig.2). The average gas-
phase metallicity for the three SN types is nearly equal withdif-
ferences less than 0.01 dex. The distributions are also similar.
However, both CC SN types, Ibc and II, show more extended
tail toward low metallicity, which is more prominent for SNeII.
The average mass-weighted stellar metallicity on the otherhand
shows differences of∼ 0.05 dex between the three SN types.
This behavior results from the distribution of the masses ofthe
galaxies in our sample on one hand and the shape of the mass-

metallicity (M − Z) relation for the gas-phase and the stellar
metallicities on the other.

Figure8a shows the cumulative distribution of the current
stellar mass of the galaxies in our sample by SN type. As al-
ready noted in Paper I, the mass distribution shows 0.3− 0.4 dex
difference between the mean masses of SN Ia hosts and those of
the two CC SNe types. It can also be seen that about 90% of the
SN Ia hosts and 60–70% of the CC SN hosts have masses above
log(M/M⊙) ≃ 10.3 dex.

TheM − Z relations for the gas-phase metallicity and mass-
weighted stellar metallicities are shown in Fig.8b andc. The
dotted lines in Figs.8b andc show theM − Z relation for the
gas-phase metallicity derivedSánchez et al.(2013) from CAL-
IFA observations. This relation describes theM − Z relation
for the gas-phase metallicity of the galaxies in our sample very
well4, but from Fig.8c it is evident that the mass-weighted stellar
metallicity M − Z relation is much steeper, in accordance with
the findings ofGonzález Delgado et al.(2014). The solid line
in Fig. 8c shows thePanter et al.(2008) M − Z relation, which
clearly describes the stellar metallicityM−Z relation better. One
can also see that both, the gas-phase and the stellar metallicity
M − Z relations present lower scatter above log(M/M⊙) ≃ 10.4
dex.

The fact that the gas-phaseM−Z relation is tighter and flatter
than the stellar metallicity and that&80% galaxies in our sam-
ple have masses higher than log(M/M⊙) ≃ 10.3 dex is the main
reason why there are only very small differences between the
average gas-phase metallicities for the three SN types. On the
other hand, the stellar metallicityM − Z relation is steeper and
this is the most likely reason for the observed larger differences
in the average stellar metallicities.

The small differences between the total gas-phase metal-
licity of different SN type host galaxies that we find is some-
how at odds with the previously reported larger differences (see,
e.g.,Prieto et al. 2008; Shao et al. 2014). This is however most
likely due to the bias toward higher masses in our sample.
To clarify the possible impact in our results of this bias we
have extended the study using data from the literature. Fig-
ure 9 shows the CDFs of the host masses of our SN Ia and
CC SN samples, including the galaxies with SNe outside of
FoV, compared to the targeted and the untargeted samples from
Neill et al. (2009), Kelly et al. (2010), Kelly & Kirshner (2012),

4 Strictly speaking this relation is derived for oxygen abundance at the
effective radiusre. However, asSánchez et al.(2013) also noted, we
found that the difference between the metallicity atre is very close to
the total metallicity estimated from the integrated spectra. The average
difference we found was∼ 0.02 dex with 1σ scatter around 0.03 dex.
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Fig. 8. a - cumulative distributions of the galaxies stellar mass;b -
massvs. gas-phase metallicity. The dotted line is theM−Z relation from
Sánchez et al.(2013) converted from PP04 to M13 version of the O3N2
calibrator. c - massvs. mass-weighted stellar metallicity. The dotted
line is theM − Z relation fromSánchez et al.(2013) and the solid line
is thePanter et al.(2008) relation. The green dots show the elliptical
SN Ia hosts.

Childress et al.(2013), Stoll et al.(2013) andPan et al.(2014).
Table6 gives details of the properties of the corresponding distri-
butions. In these works different IFMs have been employed and
we applied small corrections (∼ 0.04−0.20 dex;Bell et al. 2003;
Sullivan et al. 2010) to convert the masses toSalpeter(1955)
IMF. However, additional systematic differences are almost cer-
tainly present because of the use of different recipes to construct
the fitting galaxy templates, different observational data used
(photometry and spectroscopy) and different fitting approaches.
Quantifying these differences is beyond the scope of this paper
but they should be kept in mind when combining galaxy masses
from different sources.

The data from the literature clearly shows that the targeted
surveys suffer from a bias toward massive galaxies, which is
∼ 0.77 dex for SNe Ia and∼ 0.9 dex for the CC SNe. It is
also evident that our sample, which consists of SNe discovered
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Fig. 9. CDFs of the host galaxy masses of various SN Ia and CC SNe
samples (see the text for details).

Table 6.Statistics of the distributions of galaxy masses in different SN
samples in units of log(M/M⊙). For each SN sub-type are shown the
mean, the standard deviationσ and the median.

SN Ia CC SN
mean σ median mean RMS median

This work 11.00 0.50 11.06 10.61 0.62 10.74
Targeted: 10.85 0.66 10.94 10.42 0.68 10.51
Untargeted 10.08 0.98 10.27 9.52 0.88 9.62

by targeted searches, is biased even more toward higher masses;
with respect to the targeted sample from the literature thisbias
for both SN Ia and CC SN is∼ 0.15 dex. The mean masses
of both SN Ia and CC SNe hosts found in targeted searches are
in the range log(M/M⊙) ≃ 10.4 − 10.7 and with only a small
fraction of SNe (∼10 and 20 % for SN Ia and CC SN, respec-
tively) present in galaxies with masses below log(M/M⊙) ≃ 10.3
dex. Because of the lower scatter in theM − Z relation above
log(M/M⊙) ≃ 10.3 dex, the metallicity differences between the
SN types should be small in samples from targeted searches.
The untargeted searches on the other hand include galaxies with
lower masses in the range where theM − Z relation is steeper
and the metallicity differences, if significant, will be more pro-
nounced.

5.2. Local metallicity

We have estimated both the gas-phase and stellar metallicities
at the SN locations. As discussed inStanishev et al.(2012) the
stellar metallicities are estimated with much greater uncertainty
due to various factors including astrophysical and numerical de-
generacies, noise in the observed spectra, uncertainties in the
recipes to construct the SSPs, etc. Even without these uncer-
tainties, the S/N in the continuum of the binned spectra at the
SN location may not be enough to estimate the metallicity ac-
curately enough. For this reason we focus our discussion of the
local metallicity to the gas-phase oxygen abundance.

We found only small differences between the average metal-
licity at the SN locations for the three SN types, 8.522, 8.500 and
8.484 dex for SN Ia, Ibc and II, respectively. These differences
are considerably smaller than the 1σ scatter, which is 0.056 dex
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Fig. 10. Upper panel: CDFs of the normalized radial distribution
of the different SN types. Lower panel: difference between the local
and the total metallicity as function of the normalized GCD.The line
is a guide-to-the-eye and has a slope of -0.074 – the average metallicity
gradient of the galaxies in our sample.

for SN Ia and 0.112 dex for the CC SNe. However, one question
that should be addressed is whether what we measure is the lo-
cal metallicity at the SN position. As the distance to the galaxies
increases it becomes more difficult to measure local quantities
because of the decrease of the spatial resolution when observing
with fixed-size slits or fibers. Recently,Niino et al.(2015) stud-
ied how the variation of the metallicity within a galaxy and the
spatial resolution affect the local metallicity estimation. They
found that when the resolution is lower than 500 pc, the local
metallicity could be accurately estimated. Resolution up to 1 kpc
also provide reasonable estimates, although some systematic ef-
fects are present. When the resolution is larger than 1 kpc the
constrain of the local metallicity becomes more uncertain.For
the redshift range of our targets from 0.005 to 0.03 the resolution
of the CALIFA maps (PSF∼2.57 arcsec) corresponds to a spatial
resolution between∼250 pc and 1.5 kpc. However, only a small
fraction of our targets are at the higher end of the redshift distri-
bution and on average the resolution effects will be small in our
sample.

The fact that the differences between the local metallicities
of the different SN types in our sample are small are not sur-
prising because the total metallicities estimated from theinte-
grated spectra are on average also the same and the galaxies seem
to have a characteristic metallicity gradient in normalized radii
units. Given this, large differences between the local metallic-
ities can be observed if (i) the different SN types have signif-
icantly different radial distributions or (ii) the galaxies contain
regions with metallicity, which are significantly different from

the galaxy average. In the latter case, if certain SN type prefers
to explode in low or high-metallicity environment, then thelocal
metallicity of this SN type will tend to differ from the galaxy av-
erage. However, a careful inspection of the 2D metallicity maps
shows that regions with significantly different metallicity from
the average are rare or absent, because the dynamical range of
abundances across the entire galaxy is small.

The analysis of the SN radial distances shows that SNe Ibc
tend to explode slightly closer (by less than 1 kpc) to the
galaxy center than SNe II, and SNe Ia on average 1 kpc fur-
ther away than SNe II. However, once the distance are nor-
malized to the effective radiusReff all distributions have simi-
lar averages of 1.1, 1.0 and 1.2Reff for SN Ia, Ibc and II, re-
spectively. This is in agreement with previous statisticalstudies
of SNe radial distributions (Bartunov et al. 1992; van den Bergh
1997; Tsvetkov et al. 2004; Petrosian et al. 2005; Prieto et al.
2008; Hakobyan et al. 2009; Anderson & James 2009). The up-
per panel of Figure10shows the distribution of the de-projected
distances measured in disk effective radius units. In the bottom
panel of Fig.10 the difference between the local and the total
metallicities as function the normalized deprojected distances is
shown. The difference decreases with the radial distance for all
SN types at a rate consistent with the average metallicity gra-
dient (the line with slope of -0.074 guides the eye). From the
figure one can see that SNe Ia tend to be slightly above the line
and hence they show larger average difference than the CC SNe.
However, the difference is rather small and could be caused by
other effects, for example by slightly biased estimation of the
total galaxy metallicity.

From Fig. 10b one can see that the metallicity at the SN
location follows the galaxy mean metallicity and that it also
changes with the radial distance following the metallicitygra-
dients. However. the scatter of the difference between the lo-
cal and the total metallicities, and the scatter around the line is
considerable,∼ 0.05 dex. One interesting question is whether
part of this scatter arises because some SNe preferably explode
in regions with higher metallicities. Because many galaxies have
negative metallicity gradients, if that was the case, SNe may tend
to explode closer to the galaxy center. However, the densityof
the stars in the galaxies and the SFR also increase toward the
center and statistically one can expect to find more SNe toward
the central regions. Thus, the two effects will be difficult to dis-
entangle.

Galaxies typically have central symmetry. One way to
test the hypothesis that some SNe prefer to explode in high-
metallicity regions is to look at the difference between the metal-
licity at the SN position and the mean value of the galaxy metal-
licity at the radial distance of the SN. To estimate the latter,
the mean metallicity and the standard deviation of the individ-
ual spaxels within 1 kpc of the deprojected GCD of the SNe
were computed. In Fig.11 are shown the distributions of the
differences divided by the standard deviation. For all SN types
the mean differences are essentially zero and the distributions
are narrow with standard deviations of about one. SN II show
slightly wider distribution than the other SN types. This indi-
cates that on average the metallicity at the SN location doesnot
differ significantly from the galaxy average at the SN radial dis-
tance. There is only a small hint for an extended tail toward
lower metallicities for SN II.

5.2.1. Proxies of local metallicity

We have compared the directly estimated local metallicitesob-
tained with IFS with several other approaches that have been
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Fig. 11. Difference between the oxygen abundance at SN position
compared to the azimuthal average at that distance, normalized to the
standard deviation of the abundance at that distance.

used as proxies of local metallicity estimations. We conclude
that the central metallicity, with and without a correctionassum-
ing characteristic metallicity gradient is the least accurate one.
It has both larger bias and scatter. Not surprisingly, the metal-
licity of the closest Hii region and the one estimated from each
galaxy’s individual metallicity gradient are the best proxies of
the local metallicity. However, these two methods are applica-
ble to nearby galaxies only and are likely of little practical use,
e.g. for high-redshift SN Ia studies. On the other hand, the to-
tal galaxy metallicity appears to be the best compromise. Ithas
relatively small bias and scatter. In addition, it is a quantity that
can be easily measured for galaxies at high redshifts.

The likely reason for the similarity between the local and
total metallicities is that in low-redshift galaxies the metallic-
ity gradients are fairly shallow. However, one should have in
mind that this may not be the case for high-redshifts galaxies
and hence the total metallicity may not be as good proxy as at
low redshift.

5.2.2. Differences among SN subtypes

Our primary goal is to explore the connection between the SN
environmental metallicity and the nature of the progenitors for
each SN type. At present, the CALIFA sample used in our anal-
ysis is not sufficiently large to allow splitting of the two main
CC SN groups into further sub-classes with enough events. In
addition, the vast majority of our sample comes from targeted
searches and is biased toward high-mass, metal-rich galaxies.
As a result the local metallicity we measure is very similar for
all SNe. For the above reasons we combined our values with
measurements of the metallicity at SN locations from the liter-
ature. This enlarged sample contains SNe discovered by both
targeted and untargeted surveys. We considered only measure-
ments performed at the SN location or close vicinity and when-
ever repeated we rely on our measurements. The compiled sam-
ple includes all the measurements from:Thöne et al.(2009);
Young et al. (2010); Modjaz et al. (2011); Anderson et al.
(2011); Prieto et al. (2012); Kuncarayakti et al. (2013a,b);
Tomasella et al.(2013); and only those reported as local from:
Anderson et al.(2010); Leloudas et al.(2011); Sanders et al.
(2012); Habergham et al. (2012), and Moreno-Raya et al.

(2016). In addition, we included metallicities of 11 SNe
in galaxies observed with the new MUSE IFS (Galbany et al.
2016a). Following Sanders et al.(2012), we did not include
Kelly & Kirshner (2012) since those are measurements from the
center of the galaxies.

Since many different calibrators are used, we considered
only those using PP04 O3N2 calibrator and converted them
to the M13 scale. However, this sample can be further en-
larged if we also consider those measurements computed with
the PP04 N2 calibrator, and converted to O3N2 scale us-
ing the relation produced byKewley & Ellison (2008). In
this enlarged sample we used data from:Stoll et al. (2013);
Sahu et al.(2009); Levesque et al.(2010); Milisavljevic et al.
(2013); Inserra et al.(2013); Van Dyk et al.(2012); Taddia et al.
(2013) and Taddia et al.(2015). We also added the metallici-
ties of the SN Ia hosts from the untargeted searches reported
in Pan et al.(2014) andChildress et al.(2013). These metallic-
ities were measured with long-slit spectroscopy and the man-
ner the spectra were extracted from the 2D images means that
they are close to the galaxies total metallicity. However, in our
sample the local and the total metallicities of SN Ia hosts dif-
fer on average by 0.029 dex and we can usePan et al.(2014)
andChildress et al.(2013) measurements as proxy of the local
metallicity .

We considered the following main SN classes: Ia, Ib, Ic,
broad-line Ic (IcBL), II, IIn and IIb. Recently, the presence of
two different populations of SN II (IIP and IIL) has been put
in question. While some works (Arcavi et al. 2012; Faran et al.
2014) present evidence for two separated populations, this has
been questioned by a number of works (Anderson et al. 2014;
Sanders et al. 2015; Galbany et al. 2016b) which argued that this
is really a continuous between slow- and fast-decliners, and the
traditional division was due to the low number of SNe IIL. Fol-
lowing the latter works, we put SNe IIP and IIL in one group II.
We also consider separate classes of SNe Ib and IIb, but because
these are probably closely related (by a continuous sequence of
the amount of Hydrogen in their outer layers) we also computed
the mean metallicity of SNe Ib and IIb together. Many SNe Ib/c
have uncertain classification. These were grouped with SNe Ib/c
with certain classification to compute the mean metallicityof
the combined SN Ib/c class. The mean metallicity of the whole
CC SN class was also computed excluding the broad-line SNe Ic.

Further, the sample was divided into two groups – SNe dis-
covered by targeted or untargeted searches. The resulting distri-
butions of the oxygen abundance are shown in Figure12. The
properties of the distributions for all SN types are summarized
in Table7 and the p-values of the KS tests are listed in Table8.
The CALIFA sample presented in this work comprises mostly
of SNe discovered in targeted searches and thus it only makes
significant contribution to the targeted SN sample.

Metallicity at the SN Ia locations

The locations of SNe Ia are most likely not related at all
to the birth place of the progenitor star due to their long delay
times (100 Myrs to Gyrs), thus progenitors could have travelled
across the galaxy a considerable distance before explosionas
supernovae. Any association between SN environment observed
properties and the SN progenitor population is much more prob-
lematic, however, the study of the properties of SN Ia environ-
ments can give insights on the characteristics of the explosion
that might be useful, for example, for cosmological analyses.

SNe Ia have the highest mean metallicity at the SN loca-
tion in the targeted sample (8.52 dex) and similar to SN II and
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Fig. 12. Compilation of the oxygen abundances at the SN location measured in this work combined with previously published from the literature.
We combined published measurements using the O3N2 calibrator with measurements using the N2 converted to O3N2 withKewley & Ellison
(2008) relation.a) – for SNe discovered in untargeted searches;b) – in targeted searches. The CALIFA sample presented in thiswork contributes
essentially to the targeted sample.

Table 7. Statistics of the local metallicity distributions of SNe discovered in untargeted and targeted searches. For each SN sub-type are shown
the mean, the standard deviationσ, the standard deviation of the meanσm, the median. and the number of SNe.

untargeted targeted
type mean σ σm median NSN mean σ σm median NSN

Iaa 8.455 0.129 0.010 8.503 171 8.520 0.083 0.010 8.543 70
Ic 8.458 0.124 0.026 8.515 22 8.495 0.112 0.020 8.511 30
II 8.447 0.126 0.021 8.511 35 8.450 0.127 0.013 8.475 92
IIb 8.367 0.149 0.053 8.302 8 8.415 0.101 0.034 8.404 9
Ib 8.355 0.130 0.031 8.388 18 8.461 0.102 0.019 8.468 28
Ic-bl 8.274 0.151 0.048 8.261 10 8.436 0.123 0.055 8.481 5
Ib/IIb 8.359 0.133 0.026 8.344 26 8.450 0.100 0.016 8.448 39
Ibc 8.418 0.133 0.020 8.428 44 8.485 0.107 0.014 8.511 62
IIn — 8.427 0.150 0.025 8.475 35
CC 8.421 0.137 0.015 8.488 88 8.455 0.126 0.009 8.481 196

Notes.(a) The metallicities of the untargeted SN Ia sample come fromPan et al.(2014) andChildress et al.(2013). These measurements correspond
to the total galaxy metallicity and have been corrected by+0.028 dex to account for the bias. See text for details.

Ic in the untargeted (8.46 dex). However, most the untargeted
SN Ia come from measurements similar to the total metallicity,
corrected for the small bias.Pan et al.(2014) sample has higher
mean metallicity 8.53 dex (corrected for the bias), but the mean
of the whole sample is pushed toward low metallicity by the sam-
ple of Childress et al.(2013). This comes from the fact that the
latter sample also has significantly lower mean mass.

If we take the mean masses of SN Ia hosts from Table6 in the
targeted and untargeted samples and compute the corresponding
metallicities with theM − Z relation ofSánchez et al.(2013) we
get 8.53 and 8.47 dex for SNe Ia in the combined targeted and
untargeted samples, respectively. the same analysis for CCSNe
hosts gives metallicities of 8.50 and 8.36 dex. However, if we
apply theM − Z relation for our sample only, we obtain metal-
licitties of 8.53 and 8.50 dex, for SN Ia and CC SN hosts re-
spectively. These numbers are very close to the actual estimated
mean metallicities, except for CC SNe in the untargeted sample,
which deviate by 0.06 dex. This suggest that the difference in

the mean metallicity on the different samples is to large extent
due to theM − Z relation.

Metallicity at the CC SN locations

From Table7 we see that all SN types, except for SN II,
show bias toward higher metallicity in the targeted samples. The
bias is different for the different types, and SN Ib and Ic-BL are
particularly affected (>0.1 dex). In the targeted sample SN Ic
locations show higherZ than both SN Ib and SN II locations,
and the latter also showZ similar to SN IIn and SN Ic-bl. SN IIb
is the CC SN subtype with the lowest averageZ. The picture
changes for the untargeted sample: while SN II and SN Ic now
show similarZ, SN Ib have significantly lowerZ, but similar to
SN IIb. SN Ic-BL are, as expected, in the lowestZ end. So, from
the untargeted SNe we have the following sequence:

ZIc & ZII > ZIb & ZIIb > ZIc−BL. (1)
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Fig. 13. Ratio of SN subtypes as a function of local metallicity from the compilation of the oxygen abundances at the SN location measured in
this work combined with previously published from the literature.a) – for SNe discovered in untargeted searches;b) – in targeted searches.

The differences in the mean local metallicites are generally
small and in most cases probably unsignificant. KS test indicated
that SNe Ic and II probably came from the same metallicity dis-
tribution, which is different from that of SN Ib, IIb and Ic-BL.

Furthermore, we studied how the number ratios between two
subtypes evolve with the environmental metallicity increase. In
Figure13 we present the results of several of these ratios mea-
sured in three metallicity bins centered at 8.16 (below solar),
8.38 (around solar), and 8.60 dex (above solar). The analysis is
split for untargeted and targeted samples.

In general, the behavior of the ratios is different in the tar-
geted and untargeted samples, with the exception of the Ib/Ic
ratio that decreases with metallicity in both samples. While in
the untargeted sample the Ic/II ratio is practically flat with a soft
increase to high metallicity, in the targeted sample it clearly in-
creases. Indeed, as we have seen in Figure12, there is no sig-
nificant difference in the untargeted SN Ic and II distributions,
while the difference is higher in the targeted sample. We also
found an increasing rate of targeted SNe Ibc over SNe II as previ-
ously found byArcavi et al.(2010); Prantzos & Boissier(2003);
Prieto et al.(2008) andKelly & Kirshner (2012), however, when
we consider only the untargeted sample this ratio goes in the
opposite direction. By studying the relative rates betweenthe
different components we see that this evolution is driven by the
decreasing number of SNe Ib at higher metallicities: while the
ratio between Ib and II is practically flat for the three regimes
in the targeted sample, it shows a steep decrease in the untar-
geted sample. Therefore, any difference in the evolution of SN
Ibc when compared to SN II is caused by the lower metallicity
of SN Ib compared to Ic, in any targeted or untargeted samples.

Also, the proportion of SNe Ia over all CC SN types in-
creases with the environmental metallicity, as we already found
in this and previous sections: although SNe Ia also occur in
metal-poor environments, their ratio is significantly higher in the
metal-rich regime compared to all CC SN types. The increase is
more pronounced in the targeted sample, and flatter in the untar-
geted sample.

The influence of metallicity in determining CC SN subtype

Differences in the evolution of SN type ratios with metallic-
ity may be used to connect SN types to possible progenitor sce-
narios. Both the wind strength and the binary mass transfer rate
are the plausible scenarios through which SNe Ibc lose theirex-
ternal layers. Another possibility may be that external H and He
layers of the progenitor suffer severe depletion by enhanced mix-
ing preventing their detection (Frey et al. 2013), although this
would be difficult to assess from environmental studies.

According to the models based on the evolution of single
massive stars (e.g.Heger et al. 2003; Georgy et al. 2009) both
high metallicities and high initial masses are required to produce
SNe Ibc in single stars, while in binary systems the mass loss
is dominated by mass transfer and the models predict less sig-
nificant trend with metallicity. If the primary SN Ibc progenitor
channel is a single WR star then the rate of SN Ibc relative to
SNe II would be enhanced at higher metallicities. Although this
is what we found when considering SN discovered on targeted
searches, the picture gets more complicated in untargeted SN:
while the ratio between SN Ibc and II decreases with increasing
metallicity, it is driven by the lower local metallicities at SN Ib
positions. The strongest result we found is that SNe Ic, which
are stripped of their H and He external layers, happen on aver-
age in significantly higher metallicity environments than SN Ib,
which only lacks of the H envelope. These SN progenitors are in
general short-lived, so there is a higher probability of SN local
environmental metallicity to be related to the metallicityof the
progenitor. The ratios presented in Figure13 would imply that
at least part of the progenitors of SNe Ic are single stars in strong
metallicity driven wind environments, while the remainingSN Ic
and a significant part of SN Ib and also SN IIb arise from binary
progenitors (Claeys et al. 2011; Sana et al. 2012). This picture
is supported by the results fromKuncarayakti et al.(2013a) that
inferred lower masses from the stellar popullation ages forSN
Ib compared to SN Ic. In addition, the flat ratio of untargeted
SN Ic over SN II would imply that metallicity is not playing a
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Table 8.P-values of the KS test for local distributions presented inFig-
ure12.

Targeted Untargeted
Ia–II 0.0002 0.0975
Ia–Ic 0.1434 0.6226
Ia–Ib 0.0108 0.0037
Ia–Ibc 0.0633 0.0420
Ia–IIb 0.0075 0.0690
Ia–Ic-BL 0.4416 0.0029
Ia–Ib/IIb 0.0004 0.0008
Ia–CC 0.0001 0.0202
II–Ic 0.0944 0.6855
II–Ib 0.7992 0.0038
II–Ibc 0.0886 0.1209
II–IIb 0.6427 0.0964
II–Ic-BL 0.8178 0.0068
II–Ib/IIb 0.7849 0.0034
Ic–Ib 0.3380 0.0622
Ic–IIb 0.0568 0.0439
Ic–Ic-BL 0.6309 0.0054
Ic–Ib/IIb 0.0537 0.0400
Ib–IIb 0.5754 0.6524
Ib–Ic-BL 0.6546 0.2813
IIb–Ic-BL 0.6342 0.1912

role between these types, and that other factors (e.g. progenitor
mass) could be more important.

On the other hand, the radial distributions of different SNe
types (see section5.2) have been used as a proxy of environ-
mental metallicity. If central regions of galaxies have higher
metallicity, from distance distributions one can argue that the
progenitors of SNe Ibc, being more centered, should be metal-
richer than those producing other SNe types. This argument
is consistent with the models claiming that SNe Ibc progeni-
tors are massive stars whose envelopes have been stripped by
stellar winds driven by metallicity prior to explosion (Puls et al.
1996; Kudritzki & Puls 2000; Mokiem et al. 2007). Since stars
in higher metallicity environments suffer from stronger driven
winds, SNe Ibc progenitors lose more mass through these winds
prior to explosion, compared to SNe II which are in average fur-
ther and in lower metallicity environments. However, we showed
in section3.2 that a significant fraction of SN host galaxies
(∼30%) present a decreasing gradient towards the center which,
once accounted for, would imply lower environmental metallic-
ities for objects closer the the center in those galaxies.

These two findings together question the importance of
metallicity as the relevant factor in determining the SN type and
supports that at least a fraction of them could come from bi-
nary systems, both compatible with being at lower radial dis-
tances. This is also in agreement withHabergham et al.(2012)
andAnderson et al.(2015) who found that SN Ibc are more cen-
tralized compared to SNe II in interacting galaxies, where metal-
licity gradients are flatter or not present, pointing that other ef-
fects are playing a role besides metallicity in determiningthe SN
type.

6. Conclusions

We present an updated sample of 115 galaxies with mean red-
shift z= 0.015 observed with IFS by the CALIFA survey. These
galaxies hosted 132 SNe (47 type II, 27 type Ib/c+IIb, 58 Ia)
that were within the FoV covered by the instrument. The spa-

tially resolved spectroscopy used in this work has several ad-
vantages with respect to the most common approaches, namely
multi-wavelength photometry and fiber or slit spectroscopy. In-
deed, IFS allows to obtain 2D maps of the most important pa-
rameters from both the stellar populations and the ionized gas
emission. Following our previous work on the role of the local
star-formation in determining the SN type, presented in Paper I,
here we have focussed on the study and comparison of environ-
mental metallicity for the various SN types. The relevance of
this study is due to the influence of the SN progenitors metal-
licity on the supernova explosion and possible implications in
high redshift supernova studies and determination of cosmologi-
cal parameters with SN. Our main goals were: 1) unveil possible
relations between the host metallicity at the SN location and the
properties of the supernova or their progenitors; 2) identify sys-
tematic errors of the various proxies commonly used to inferthe
host metallicity at SN locations or the metallicity of the SNpro-
genitors; and 3) estimate the accuracy in the determinationof the
local metallicity of the various proxies in high redshift supernova
studies. To achieve a better comparison between galaxies, the
radial dependence of galaxy properties was studied in unitsof
the galaxy disk effective radius. We determined the galaxy disk
effective radius by fitting a pure exponential function to their
brightness profile and calculated the metallicity gradients for all
galaxies. Different proxies to estimate the local metallicity were
used, which allowed to search for differences among SN types.
It also allowed to compare different proxies and to study their
accuracy. Our main findings are summarized below.

– The gas-phase average metallicity at SN location show sig-
nificant differences of∼0.04 dex between SN Ia and SN II,
while the mass-weighted stellar metallicity at the SN loca-
tion shows no significant difference between the three main
SN groups.

– The total gas-phase metallicity distributions are undistin-
guishable among the SN groups (centered around 8.49 dex),
while the total stellar metallicity distribution for SNe Ia
is slightly shifted to higher values than SN II (〈ZIa〉 −

〈ZII 〉=0.015).
– The difference between the local and the total metallicities

are on average also small, and being significant only for SN
Ia (0.03 dex). This is likely the result of the sample being
biased toward galaxies with high masses; most galaxies have
log(M/M⊙) > 10.3 dex.

– Several proxies of the local metallicity were studied. The
most accurate proxies are those using the galaxy metallicity
gradient plus the SN galactocentric distance and the metal-
licity of the closest HII region from the SN.

– The total galaxy metallicity is also a good proxy of the local
metallicity for CC SNe, although we find a significant shift
of ∼0.03 dex for SNe Ia. We also find that weak AGNs that
cannot be seen in the total spectrum may only weakly bias
the metallicity estimate from the galaxy integrated spectrum
by 0.03-0.04 dex. These results are encouraging for high-
redshift studies as it allows the local metallicity to be esti-
mated, although possible evolution of the metallicity gradi-
ent in galaxies with redshift may render this proxy less accu-
rate.

– On the other hand we find that the central metallicity, with
and without correction for the characteristic metallicitygra-
dient, is the least accurate proxy, showing significant differ-
ences for both gas-phase and stellar metallicity. This can be
due to the fact that about 30% of the galaxies show metal-
licity decrease toward the center, with further 10% showing
just flattening.
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– The local metallicity at the SN positions is not significantly
different from the mean galaxy metallicity at the galacto-
centric distance of the SN. This argues against that certain
SN type may prefer to explode in environments with specific
metallicity.

– When the galaxy masses of our sample are combined with
those from the literature it becomes clear that the targetedSN
searches are biased toward high-mass galaxies. The average
bias is log(M/M⊙) = 0.8.

– By extending our SN sample with published measurements
of the metallicity at the vicinity of the SN, we studied the
metallicity distributions for all SN subtypes split into SNdis-
covered in targeted and untargeted searches. We confirm the
known fact that there is bias toward high metallicity in the
targeted searches.

– For the SN discovered in targeted searches, for which our
sample is representative, we find that SN Ia and Ic have the
highest metallicity than the other SN types. The difference
are however small and in most cases statistically insignifi-
cant.

– In the untargeted searches SN Ia, Ic and II have higher metal-
licity comparing to the other SN types. Thus, it appears that
SN Ib/IIb have significantly different local metallicities rela-
tive to SN Ic.

– Studying the evolution of the ratios between pairs of sub-
types as a function of the metallicity, we found that the ratio
of Ibc/II decreases with metallicity, and this is driven by SN
Ib being at significantly lower metallicities. This gives sup-
port to the picture of SN Ib resulting from binary progenitors
and (at least some) SN Ic resulting from single stars being
stripped of their outer H and He layers by strong metallicity
driven winds.

The CALIFA Survey has proven the use of Integral Field
Spectroscopy as a powerful tool for SN environmental studies,
in addition to the main aims of the survey which were the study
of galaxy formation and evolution. The Sydney-AAO Multi-
object Integral-field spectrograph (SAMICroom et al. 2012) and
the Mapping Nearby Galaxies at APO (MaNGA, (Bundy et al.
2015)) are the current largest IFS surveys and will increase
the statistics by a factor∼5 to 20. However, they both lack
of high spatial resolution which would be needed to get rid of
the systematics effects studied in this work.Kuncarayakti et al.
(2013a,b, 2015) performed a similar study than the one pre-
sented here and in Paper I, but studying the SN parent stellar
clusters with resolutions around∼60 pc. Although this high res-
olution allows to properly distinguish among stellar clusters, the
small field of view does not allow comparisons between local
and other estimations of galaxy parameters across the galaxy.
The advent of the new generation of instruments, such as the
Multi-Unit Spectroscopic Explorer (MUSE) Integral Field Unit
recently mounted to the 8m VLT UT4 (Bacon et al. 2010), would
provide the required high spatial resolution together withlarger
field of view, joining the two requirements (SeeSánchez et al.
2015; Galbany et al. 2016a; Anderson et al. 2015). This and
other CALIFA studies will be improved with such a combina-
tion of these two factors.
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Fig. A.1. Two examples showing the determination of the disk ef-
fective radius. The grey shadow defines the region where the bulge
contributes to the total surface brightness and it is excluded from the fit
which is performed to the disk profile (solid blue line). The red vertical
dotted line correspond to the disk effective radius,re, obtained from the
Sérsic profile expression.

Appendix A: Disc effective radius (r e)

The disk effective radius,re, is defined as the radius that contains
half of the total integrated flux coming from the disk component.
Its measurement permits to have a common ruler to properly
compare the size of the galaxies and the derived quantities at a
certain distance. To determinere we have performed a morpho-
logical decomposition based on the brightness profile. We inte-
grated the flux under ther-band wavelength range in the spec-
trum of each spaxel, and then plotted the logarithm of these mea-
surements against the deprojected GCD, as shown in FigureA.1
for NGC 6173 and NGC 7311. One can clearly see the contribu-
tion of both the central bulge and the disk to the total brightness
of the galaxy. This mixture produces a combined surface bright-
ness profile which can be described by an expression that de-
pends onr1/n (de Vaucouleurs 1948; Sersic 1968; Graham et al.
2005; Galbany et al. 2012)

log I (r) = log I0 − 1.6735 (r/re)
1/n. (A.1)

Depending on the size of the bulge, a differentn is needed to
properly describe the brightness profile. For example, elliptical
galaxies that only have bulge are completely described by the de
Vaucouleurs profiler1/4 (n = 4), while pure disk galaxies match
with a pure exponential profile (n = 1). In order to measure the
effective radius of the disk component, we visually determined
where the bulge vanishes, and fitted a pure exponential profile
to the disk contribution, excluding the central regions dominated
by the bulge. Finally, we obtainedre as the distance at which the

logarithm of the flux is 1.6735 less than the central value of the
fit to the disk profile. It is worth to note that fitting a line to these
profiles is equivalent to obtain elliptical rings from the original
image, since the inclination of the galaxies is taken into account
in the deprojection.

We compared the values for the disk effective radii calculated
in this work to the values obtained by other works in the CAL-
IFA collaboration. We used two sets of measurements: (i) those
measured with a growth curve photometry analysis presentedin
Walcher et al.(2014), and (ii) those measured inSánchez et al.
(2014), that used a similar procedure to the one presented here.
For the galaxies in common (basically those from the CALIFA
mother sample), we obtained similar values (within 10%) for
almost all the galaxies. For six galaxies we obtained largerdif-
ferences but, after repeating the analysis without those, the final
results in terms of the common slope, do not change significantly
when usingWalcher et al.(2014) or Sánchez et al.(2014) val-
ues.

Appendix B: Characteristic metallicity gradient

In this appendix we present the distributions of slopes of the
metallicity gradients for our SN host galaxy sample. The cen-
tral decrease was excluded in the metallicity gradient fits,re-
sulting in different ranges for each galaxy up to 2 disc effec-
tive radius. The mean metallicity gradient of all 104 galax-
ies is−0.016 (±0.013) dex kpc−1 with the uncertainty being the
standard deviation of the distribution. When the distancesare
normalized to the disk effective radiusre, the average gradi-
ent becomes−0.074 (±0.042) dexr−1

e (using the O3N2 calibra-
tion from M13). The distribution of the normalized gradients
is shown in Fig.B.1. Note that the relative scatter of the nor-
malized gradients is smaller than in physical units. In addi-
tion, the scatter is fairly low, suggesting a characteristic ra-
dial gradient for the oxygen abundance in normalized units.
This is in agreement with the results presented bySánchez et al.
(2012b), Sánchez et al.(2014) and Sánchez-Menguiano et al.
(2016), who reported an average gradient of−0.1 dexr−1

e using
the PP04 calibration (we find−0.105 dexr−1

e with that calibra-
tion).

The statistics of the distributions using the main calibrator
and the comparison methods are presented in TableB.1. The
mean values of the distributions of the metallicity gradients for
P10 and P11 strong line methods are around−0.08 dexr−1

e . Five
galaxies (UGC 01087, UGC 04036, UGC 4107, NGC 6643,
and NGC 3913 have no [Oii] line measurement and no P10
abundance estimation can be computed, while IC 0307 and
NGC 6166 have no [Sii] lines measured and no P11 measure-
ments can be performed. As expected, the distribution of metal-
licity gradients measured using N2 calibrator has lower values.
This calibrator is not well defined in the high metallicity regime
and the range of allowed values is narrower, thus flattening the
measured gradients. We note that although not significant, SNe
Ia host galaxies show flatter gradients than both CC SN hosts.
Also noticeable is the narrower distribution of the O3N2 distri-
bution.

Appendix C: The effect of AGNs on total spectra

The central spectra of about 29% of CC SN hosts, 59% of
the star-forming, and all passive SN Ia hosts (see section
4.2.1) in our sample indicate the presence of AGN accord-
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Fig. B.1. Distribution of metallicity gradients using O3N2 (blue), N2 (purple), P10 (green), and P11 (red) methods. All fits were done considering
the errors in each spaxel measurement.

Table B.1.Average values of the metallicity gradient slopes and the standard deviation of the distributions.

O3N2 N2 P10 P11
# avg. # avg. # avg. # avg.

All Galaxies 104 −0.074 (0.042) 104 −0.044 (0.052) 99 −0.086 (0.059) 102 −0.086 (0.087)
SN Ia hosts 46 −0.064 (0.041) 46 −0 046 (0.050) 43 −0.077 (0.064) 46 −0.077 (0.117)
SN Ibc hosts 27 −0.078 (0.040) 27 −0.040 (0.053) 25 −0.087 (0.050) 26 −0.094 (0.049)
SN II hosts 47 −0.087 (0.037) 47 −0.037 (0.052) 46 −0.091 (0.049) 47 −0.090 (0.050)

ing to theKewley et al.(2001) criterion in the BPT diagram5

(Baldwin et al. 1981; Veilleux & Osterbrock 1987). The emis-
sion line measurements from the total spectra of most star-
forming galaxies with AGN fall in the star-forming region of
the BPT diagram. This indicates that the AGNs are not strong
enough to affect significantly the total spectrum. The passive
galaxies are exception because most of the emission comes from
the center and when AGN is present, its emission may domi-
nate the total emission line spectrum. For this reason the pas-
sive galaxies were not considered in the analysis of the effect of
AGNs.

Even though the AGNs in our galaxy sample are not partic-
ularly strong, their presence can still affect the metallicity esti-
mates and bias the results from the total spectra. To study this,
for each cube two different extractions of the total spectrum were
done. First, we just summed up the flux in all the spaxels with
a S/N greater than 1.0. As an alternative, we did the same but
excluding those central spaxels that fall in the AGN region of
the so-called BPT diagnostic diagram . The first spectrum would
correspond to the spectrum of a galaxy at high redshift or a small
galaxy at lower redshift when the whole galaxy falls into theslit
or the fiber of the spectrograph.

FigureC.1 shows gas-phase metallicity estimated from the
total spectra with and without including the central spaxels
falling in the AGN region. All values are close or above the
diagonal, indicating that the metallicity measured from a spec-
trum including the AGN contribution is usually lower than the

5 Kehrig et al.(2012), Singh et al.(2013) andPapaderos et al.(2013)
using CALIFA data have shown that in some galaxies narrow line emis-
sion that falls in the AGN section of the BPT diagram, is not due to
AGN activity but from old post-AGB stars.

measurement excluding it. In general, there is a good agree-
ment between the measurements from the two total spectra for
the CC SN hosts. However, for the SN Ia host galaxies the
abundances are on average higher by 0.03–0.04 dex when the
AGN contribution is removed. This difference raises a poten-
tial problem in the metallicity estimation from spectra of high
redshift SN Ia hosts since the presence of a weak AGN contri-
bution might be missed. Thus, the metallicity measured from
total galaxy spectra should be considered as a lower limit with
a systematic error of at least 0.03 dex. However, concerningthe
mean total gas-phase metallicity of the galaxies in our sample,
the AGNs have little effect. When using the measurement with
AGN contribution removed the mean metallicity of the SN Ia
hosts becomes larger by only 0.012 dex and no change is ob-
served for CC SN hosts.

Appendix D: Measured quantities
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Table D.1.Parameters of the CALIFA galaxies that hosted SNe outside the instrument field of view.

Galaxy SN name SN type AGN z OH total log (Zm / Z⊙) Mass
[M⊙]

NGC3184 1921C I − 0.001975 8.82 −0.02 10.30
NGC0477 2002jy Ia − 0.019600 8.65 −0.03 10.94
NGC2487 1975O Ia + 0.016148 8.71 −0.05 11.14
NGC2513 2010ja Ia + 0.015561 . . . 0.12 11.53
NGC3160 1997C Ia + 0.023083 . . . −0.06 11.07
NGC4185 1982C Ia − 0.013022 8.73 0.02 11.01
NGC5485 1982W Ia + 0.006428 . . . 0.10 10.90
NGC5532 2007ao Ia + 0.024704 . . . 0.11 11.94
NGC5557 2013gn Ia + 0.010737 . . . 0.16 11.48
IC1151 1991M Ia − 0.007235 8.53 −0.38 10.02
NGC6027 2006ay Ia − 0.014834 8.64 −0.03 11.08
NGC6411 1999da Ia + 0.012695 . . . 0.04 11.15
NGC7549 2009nq Ia − 0.015799 8.74 −0.22 10.78
NGC7782 2003gl Ia + 0.017942 8.67 0.21 11.44
NGC3913 1979B Ia − 0.003182 8.73 −0.47 9.27
NGC0171 2009hf IIP + 0.013043 8.69 0.09 10.98
NGC0180 2001dj IIpec + 0.017616 8.81 0.02 11.12
NGC0309 2012dt II c 0.018886 8.82 0.05 11.19
NGC0941 2005ad IIP − 0.005364 8.58 −0.34 9.76
UGC10710 2000bs IIP − 0.027976 8.65 0.02 10.87
NGC1058 1969L IIP + 0.001728 8.68 −0.41 9.11
NGC3184 1937F IIP − 0.001975 8.82 −0.02 10.30
NGC3184 1921B II − 0.001975 8.82 −0.02 10.30
NGC0214 2006ep Ib + 0.015134 8.73 0.04 11.30
UGC04308 1962F IIb − 0.011895 8.69 −0.17 10.68
NGC6060 1997dd IIb − 0.014807 8.67 0.04 11.30
NGC0309 2008cx IIb c 0.018886 8.82 0.05 11.19
NGC0628 2002ap Ic-bl c 0.002192 8.69 −0.49 10.30
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Fig. C.1. Comparison between the average oxygen abundance with
and without the AGN contribution.
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Table D.2.Type Ia SNe results.

12+ log (O / H) log (Zm / Z⊙)
Galaxy SN name SN type AGN re dep-GCD Mass Gradient Local Total Local Total

[kpc] [kpc] [M⊙] [dex r−1
e ]

NGC 2565 1960M I + 4.8 9.4 11.11 −0.082 8.46 8.48 0.04 −0.04
NGC 7319 1971P I + 11.1 14.7 11.32 −0.067 . . . 8.37 . . . −0.04
NGC 5668 1954B Ia + 3.4 2.2 11.38 −0.108 8.42 8.39 −0.07 −0.10
NGC 3913 1963J Ia − 1.4 0.9 9.27 −0.071 8.54 8.53 . . . −0.06
NGC 3811 1969C Ia − 3.9 2.5 10.79 −0.118 8.54 8.51 0.09 0.18
NGC 7619 1970J Ia + 5.3 10.5 11.52 −0.056 . . . . . . . . . −0.40
NGC 4874 1981G Ia + 11.9 9.2 11.69 0.013 . . . . . . 0.01 0.10
NGC 1667 1986N Ia + 5.6 6.8 11.29 −0.078 8.56 8.51 . . . −0.23
NGC 3687 1989A Ia + 3.1 4.7 10.43 −0.084 8.47 8.51 . . . 0.05
NGC 5378 1991ak Ia + 6.6 8.1 10.78 −0.037 8.50 8.47 −0.45 −0.51
NGC 0932 1992bf Ia + 7.1 4.1 11.26 −0.018 8.42 8.51 0.12 −0.26
UGC 04036 1995E Ia + 9.5 5.4 10.94 −0.089 8.57 8.50 0.15 −0.07
NGC 5157 1995L Ia + 10.7 9.4 11.33 −0.003 8.54 8.49 0.16 −0.05
NGC 5557 1996aa Ia + 4.8 1.4 11.48 −0.114 . . . . . . . . . −0.07
NGC 3982 1998aq Ia + 1.2 1.6 10.82 −0.068 8.56 8.51 −0.08 0.22
UGC 00139 1998dk Ia − 5.5 1.8 10.18 −0.136 8.52 8.40 0.18 0.10
UGC 01087 1999dk Ia c 5.8 8.2 10.65 −0.135 8.47 8.49 . . . −0.08
NGC 0495 1999ej Ia + 4.1 7.5 10.84 −0.019 . . . . . . 0.22 −0.02
NGC 2623 1999gd Ia + 4.2 6.9 10.92 0.018 8.52 8.49 0.22 0.11
UGC 04195 2000ce Ia − 6.4 8.0 10.85 −0.091 8.54 8.50 . . . −0.06
NGC 0523 2001en Ia c 7.4 8.3 10.78 −0.090 8.47 8.45 . . . −0.13
UGC 05129 2001fe Ia + 3.8 3.6 10.63 −0.075 8.58 8.52 . . . −0.41
2MFGC 13321 2002aw Ia + 4.8 3.2 10.76 −0.053 8.48 8.54 . . . −0.06
NGC 7253 2002jg Ia − 13.1 7.3 10.80 0.003 8.54 8.55 0.18 0.05
MCG -02-02-086 2003ic Ia + 18.4 10.9 11.91 −0.130 . . . . . . −0.11 −0.31
UGC 00005 2003lq Ia + 11.0 19.2 11.27 −0.101 . . . 8.51 0.13 0.07
UGC 10097 2004di Ia + 11.4 22.0 11.32 −0.035 . . . 8.46 0.11 0.06
NGC 1060 2004fd Ia + 7.0 2.1 11.86 −0.023 . . . . . . −0.46 −0.26
MCG -01-09-006 2005eq Ia c 10.7 21.7 11.24 −0.101 8.47 8.49 −0.25 −0.19
NGC 7311 2005kc Ia + 6.1 5.9 10.77 −0.089 8.58 8.52 −0.03 0.04
UGC 04468 2006bb Ia + 20.2 14.8 11.34 0.030 . . . . . . −0.02 0.11
NGC 5587 2006dy Ia + 3.7 6.0 10.58 −0.024 8.53 8.53 0.16 −0.07
CGCG 207-042 2006te Ia − 6.5 6.3 10.50 −0.075 8.56 8.46 . . . −0.41
NGC 0105 2007A Ia + 4.2 3.6 10.88 −0.106 8.60 8.48 . . . −0.49
UGC 04008 2007R Ia c 10.4 3.0 11.37 −0.026 8.56 8.55 . . . −0.49
NGC 2577 2007ax Ia + 3.3 1.5 10.88 −0.063 . . . . . . . . . −0.51
UGC 04455 2007bd Ia + 8.2 6.3 11.15 −0.053 8.58 8.54 −0.53 −0.65
NGC 7469 2008ec Ia + 3.7 5.2 11.36 −0.001 8.48 8.42 0.21 0.18
NGC 6166 2009eu Ia + 11.5 20.9 11.37 −0.008 . . . . . . 0.15 0.08
NGC 5525 2009gt Ia − 12.2 28.1 11.33 −0.112 . . . 8.50 . . . −0.33
NGC 6146 2009fl Ia + 8.8 7.7 11.62 −0.049 . . . . . . −0.62 −0.43
NGC 6173 2009fv Ia + 12.3 5.8 11.86 −0.011 . . . . . . −0.01 0.14
NGC 7364 2009fk Ia c 4.9 2.6 10.80 −0.018 8.58 8.57 0.02 0.04
UGC 11975 2011fs Ia − 5.2 16.8 10.81 −0.045 . . . 8.56 . . . 0.05
NGC 7364 2011im Ia c 4.9 9.7 10.80 −0.018 8.57 8.57 . . . 0.16
NGC 5421 2012T Ia c 6.8 3.0 11.33 −0.049 8.52 8.51 −0.09 0.08
NGC 5611 2012ei Ia + 2.2 2.1 10.38 −0.076 . . . . . . 0.09 0.09
UGC 08250 2013T Ia − 7.3 12.6 10.31 −0.064 8.39 8.39 . . . −0.16
NGC 7321 2013di Ia + 7.6 12.2 10.73 −0.103 8.53 8.52 0.12 0.04
NGC 2554 2013gq Ia + 6.0 2.6 11.39 −0.009 8.50 8.41 . . . 0.03
NGC 6166 PS15aot Ia + 11.5 5.4 11.37 −0.008 . . . . . . . . . 0.14
NGC 0938 2015ab Ia + 5.1 3.8 11.12 −0.013 8.43 8.34 . . . −0.33
UGC 03151 1995bd Iapec + 6.0 7.1 11.06 −0.011 8.59 8.53 0.16 0.07
NGC 0105 1997cw Iapec + 4.2 3.5 10.88 −0.106 8.56 8.48 0.03 0.15
NGC 2595 1999aa Iapec − 9.1 8.2 11.18 −0.038 8.45 8.51 0.19 0.17
NGC 6063 1999ac Iapec c 5.1 7.7 10.39 −0.120 . . . 8.48 −0.11 0.13
NGC 0976 1999dq Iapec + 7.5 2.6 11.15 −0.030 8.62 8.54 0.02 0.07
NGC 2691 2011hr Iapec c 5.7 2.1 10.68 −0.055 8.56 8.49 0.16 0.04
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Table D.3.Type II SNe results.

Galaxy SN SN type AGN re f f dep-GCD Mass 12+ log (O/H) Zm
grad local total local total

NGC 3811 1971K II − 3.9 7.6 10.79 −0.118 8.50 8.51 −0.16 −0.40
NGC 2565 1992I II + 4.8 13.3 11.11 −0.082 8.60 8.48 −0.01 0.10
NGC 3057 1997cx II − 3.6 1.7 9.51 −0.095 8.33 8.28 0.09 −0.06
NGC 2916 1998ar II + 7.8 10.8 11.07 −0.135 . . . 8.50 . . . −0.39
UGC 03555 1999ed II − 4.7 6.4 11.12 −0.134 8.50 8.46 0.09 0.10
NGC 0309 1999ge II c 12.0 6.8 11.19 −0.087 8.70 8.60 −0.03 0.04
UGC 05520 2000L II − 5.3 6.6 10.03 −0.180 8.33 8.37 0.15 0.06
UGC 00005 2000da II + 11.0 7.7 11.27 −0.101 8.61 8.51 0.05 −0.21
MCG -01-10-019 2001H II − 8.8 3.2 10.40 −0.123 8.56 8.46 0.04 0.06
NGC 2604 2002ce II − 3.4 3.0 10.05 −0.092 8.33 8.38 0.07 0.22
NGC 7771 2003hg II − 3.7 3.6 11.28 −0.055 8.61 8.50 −0.40 0.01
UGC 00148 2003ld II − 7.5 2.5 10.24 −0.040 8.43 8.40 −0.67 −0.63
NGC 5668 2004G II + 3.4 5.6 11.38 −0.108 . . . 8.39 −0.04 0.10
NGC 5980 2004ci II c 5.5 6.1 11.12 −0.120 8.56 8.53 −0.47 −0.09
NGC 6786 2004ed II − 5.2 5.3 11.54 −0.089 8.55 8.55 0.10 0.10
NGC 5056 2005au II c 6.6 8.1 11.00 −0.122 8.43 8.45 0.14 0.13
NGC 5682 2005ci II − 3.4 1.9 9.54 −0.083 8.32 8.35 . . . 0.06
NGC 5630 2005dp II − 3.3 4.8 9.89 −0.057 8.35 8.32 . . . 0.03
UGC 04132 2005en II − 8.1 6.8 11.34 −0.104 8.46 8.51 0.07 0.13
NGC 0774 2006ee II + 7.8 4.8 10.42 −0.161 8.50 8.44 0.04 0.05
NGC 5888 2007Q II + 11.2 12.6 11.41 −0.053 8.56 8.53 . . . 0.22
NGC 6643 2008ij II − 4.5 3.0 10.46 −0.101 8.53 8.52 0.20 0.10
NGC 5888 2010fv II + 11.2 9.1 11.41 −0.053 8.68 8.53 0.13 −0.08
NGC 1056 2011aq II c 2.6 0.7 10.57 −0.075 8.49 8.44 −0.38 −0.15
NGC 5425 2011ck II − 2.7 2.8 9.83 −0.113 8.42 8.38 0.07 0.17
NGC 5732 ASASSN-14fj II − 4.8 8.3 10.33 −0.162 8.36 8.47 −0.24 0.04
NGC 5406 PSN J14002117+3854517 II + 7.1 2.0 11.22 −0.072 8.50 8.54 . . . 0.20
IC 0758 1999bg IIP − 1.8 3.4 9.32 −0.049 8.35 8.43 0.21 −0.02
NGC 1637 1999em IIP c 2.5 1.1 9.74 −0.020 8.64 8.58 0.22 0.08
NGC 3184 1999gi IIP − 2.2 2.5 10.30 −0.057 8.63 8.60 . . . −0.02
NGC 2347 2001ee IIP + 4.6 6.2 11.19 −0.093 8.52 8.51 0.05 0.17
NGC 5772 2002ee IIP + 7.5 12.9 10.52 −0.069 8.44 8.52 0.17 0.03
NGC 0628 2003gd IIP c 3.2 7.3 10.29 −0.132 8.48 8.51 . . . 0.14
NGC 1093 2009ie IIP + 6.5 16.2 10.96 −0.074 8.49 8.50 0.05 0.20
UGC 09356 2011cj IIP − 2.4 2.6 9.88 −0.081 8.40 8.42 −0.10 0.01
NGC 0628 2013ej IIP c 3.2 7.4 10.29 −0.132 . . . 8.51 0.20 0.01
NGC 7691 2014az IIP − 8.2 7.8 10.50 −0.025 8.45 8.49 −0.16 −0.32
UGC 10123 2014cv IIP c 4.0 2.7 10.68 −0.044 8.53 8.50 −0.09 0.16
UGC 01635 2003G IIn c 6.1 2.8 10.42 −0.025 8.64 8.56 0.19 0.12
NGC 0214 2005db IIn + 7.1 5.6 11.30 −0.033 8.68 8.53 −0.08 0.06
NGC 2906 2005ip IIn + 3.2 4.0 10.91 −0.081 8.40 8.55 0.02 0.01
NGC 5630 2006am IIn − 3.3 2.7 9.89 −0.057 8.31 8.32 . . . −0.00
NGC 4644 2007cm IIn + 4.2 8.4 10.84 −0.052 8.51 8.53 0.05 0.09
NGC 5829 2008B IIn − 6.3 9.0 10.33 −0.098 8.50 8.46 0.19 0.17
UGC 09842 2012as IIn c 11.0 20.1 10.90−0.087 8.46 8.50 −0.40 −0.28
UGC 04132 2014ee IIn − 8.1 10.1 11.34 −0.104 8.47 8.51 . . . −0.32
NGC 1058 1961V IIpec + 1.0 2.7 9.11 −0.072 8.23 8.50 0.15 0.16
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Table D.4.Type Ibc/IIb SNe results.

Galaxy SN SN type AGN re f f dep-GCD Mass 12+ log (O/H) log (Zm/Z⊙)
grad local total local total

NGC 3655 2002ji Ibc c 1.8 3.0 10.74 −0.064 8.54 8.55 −0.49 −0.47
NGC 5714 2003dr Ibc − 4.8 7.8 10.26 −0.079 8.39 8.49 −0.03 −0.35
UGC 06517 2006lv Ibc − 3.0 2.6 10.04 −0.130 8.52 8.46 . . . −0.11
UGC 02134 2011jf Ibc c 6.6 0.9 11.02 −0.028 8.58 8.52 . . . −0.07
UGC 04107 1997ef Ibc-pec − 5.9 5.4 10.82 −0.096 8.50 8.52 −0.25 −0.24
NGC 5559 2001co Ibc-pec c 6.2 7.8 11.10−0.088 8.56 8.48 0.16 −0.11
NGC 0991 1984L Ib + 3.8 4.3 9.63 −0.142 8.43 8.44 0.22 0.09
NGC 5480 1988L Ib − 3.1 1.9 10.34 −0.045 8.58 8.55 −0.26 0.01
NGC 0776 1999di Ib c 8.0 5.9 11.16 −0.076 8.67 8.59 0.19 0.06
NGC 2596 2003bp Ib − 8.7 9.2 11.16 −0.123 8.51 8.49 0.11 0.01
NGC 7364 2006lc Ib c 4.9 4.2 10.80 −0.018 8.57 8.57 0.09 −0.19
NGC 6186 2011gd Ib − 4.2 0.6 10.77 −0.039 8.60 8.58 0.04 0.09
UGC 05100 2002au IIb − 4.6 7.9 11.18 −0.058 8.50 8.50 0.19 0.11
IC 0307 2005em IIb c 11.7 12.1 11.34 −0.077 . . . 8.49 . . . −0.20
NGC 5735 2006qp IIb + 5.7 9.3 10.75 −0.139 8.40 8.49 0.07 −0.05
NGC 6643 2008bo IIb − 4.5 3.7 10.46 −0.101 . . . 8.52 −0.03 0.02
NGC 1070 2008ie IIb + 6.2 8.7 11.13 0.020 8.63 8.52 0.05 −0.20
UGC 10331 2011jg IIb − 5.8 6.7 10.36 −0.072 8.39 8.37 . . . −0.04
NGC 3310 1991N Ic c 1.5 0.6 10.13 −0.027 8.35 8.33 −0.07 0.03
MCG -01-54-016 2001ch Ic − 4.4 4.4 9.19 −0.065 8.12 8.24 . . . 0.10
NGC 4210 2002ho Ic + 4.3 3.5 10.59 −0.097 8.56 8.53 . . . 0.22
NGC 5000 2003el Ic c 6.2 6.6 11.08 −0.048 8.58 8.53 −0.02 −0.13
UGC 03555 2004ge Ic − 4.7 2.0 11.12 −0.134 8.58 8.46 0.22 0.14
NGC 4961 2005az Ic − 3.0 1.8 10.03 −0.104 8.49 8.44 0.16 0.17
UGC 04132 2005eo Ic − 8.1 9.9 11.34 −0.104 8.49 8.51 0.20 0.20
NGC 1058 2007gr Ic + 1.0 1.0 9.11 −0.072 8.54 8.50 . . . −0.59
NGC 7321 2008gj Ic + 7.6 17.8 10.73 −0.103 8.39 8.52 . . . 0.02
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