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1 INTRODUCTION

ABSTRACT

We present a statistical analysis of the environments of 11 supernovae (SNe) which occurred
in six nearby galaxies (z < 0.016). All galaxies were observed with MUSE, the high spatial
resolution integral-field spectrograph mounted to the 8 m VLT UT4. These data enable us to
map the full spatial extent of host galaxies up to ~3 effective radii. In this way, not only can
one characterize the specific host environment of each SN, one can compare their properties
with stellar populations within the full range of other environments within the host. We
present a method that consists of selecting all H 1 regions found within host galaxies from 2D
extinction-corrected Ho emission maps. These regions are then characterized in terms of their
Hea equivalent widths, star formation rates and oxygen abundances. Identifying H 1 regions
spatially coincident with SN explosion sites, we are thus able to determine where within the
distributions of host galaxy e.g. metallicities and ages each SN is found, thus providing new
constraints on SN progenitor properties. This initial pilot study using MUSE opens the way for
arevolution in SN environment studies where we are now able to study multiple environment
SN progenitor dependencies using a single instrument and single pointing.

Key words: methods: statistical —techniques: spectroscopic —supernovae: general—H1u
regions — galaxies: general.

One possible approach to constrain progenitor systems is to study
the environments where SNe explode. Differences in the ages and/or

Supernovae (SNe) play a key role in our understanding of stellar
and galaxy evolution. However, despite their importance the exact
physical explosion mechanism and the nature of the progenitor
stars of each SN type are not yet completely constrained. Core
collapse (CC) SNe are the final stage in the evolution of massive
stars (=8 M@®), while type Ia SNe are the result of thermonuclear
explosions of carbon—oxygen white dwarfs. Both types show a wide
diversity in their photometric and spectroscopic properties, which
can be related to different progenitor star characteristics (Hamuy
2003; Mattila et al. 2005; Ruiz-Lapuente 2014; Gonzélez-Gaitan
et al. 2015).

*E-mail: lluisgalbany @ gmail.com

© 2015 The Authors

metallicities of the progenitor stars can explain the differences in
observed SN properties. Previous works have tried this approach:
Prieto, Stanek & Beacom (2008) and Kelly & Kirshner (2012) used
SDSS spectra centred at the galaxy core (although in a few cases
at other locations), and found an increasing ratio of number of SN
Ibc with respect to SN II as the metallicity increases. Also Shao
et al. (2014) claimed differences in galaxy stellar population aver-
age age between SN Ia and CC SN hosts. Further works tried to
characterize the local properties of the SN environment within host
galaxies. Anderson et al. (2010) and Leloudas et al. (2011) found no
statistically significant difference between the local metallicity of
SNe Ib and Ic, obtaining slit or fibre spectra at SNe positions. The
lack of difference was reinforced by Sanders et al. (2012) studying
a survey of SNe from untargeted surveys. However, Modjaz et al.
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(2011) concluded that significant differences do exist between en-
vironment metallicities of SNe Ib and SNe Ic. Using photometric
measurements, Kelly, Kirshner & Pahre (2008) found that SNe Ic
in general explode in the brightest regions of their hosts when com-
pared to other SN types. Meanwhile, Anderson et al. (2012) found
a sequence of increasing association of SNe to host galaxy on-
going star formation (as traced by Ho emission), and concluded
that this implied an increasing progenitor mass sequence from
SNe II to SNe Ib and finally SNe Ic arising from the most massive
progenitors.

In the case of SNe Ia, several authors have attempted to use en-
vironment information to (a) further understand progenitor systems
and (b) reduce residuals in Hubble diagrams. These have involved
using the galactocentric distances as environment property proxies
(Anderson et al. 2012, 2015b; Galbany et al. 2012), using pho-
tometric measurements at explosion sites (Anderson et al. 2015b;
Kelly et al. 2015), together with environment spectroscopy (Rigault
et al. 2013; Taddia et al. 2015), or by indirect approximations of
the central metallicity and applying decreasing gradients (Boissier
& Prantzos 2009).

While the above studies used distinct observations and tech-
niques, they all had one common theme. They either used spec-
troscopy at a specific location within host galaxies, i.e. the SN
explosion site, in isolation from all other stellar populations found
within hosts, or they used photometric measurements of host galax-
ies. In the former, one obtains detailed spectroscopic information
but lacks spatial information, while in the latter one has spatial but
no spectral information. In addition, each technique used a spe-
cific observation or set of observations to investigate one individual
property, be it metallicity (e.g. through emission line spectroscopy)
or age (through association of SNe to star forming (SF) regions).
The introduction of wide-field integral field spectroscopy (IFS) al-
lows — for the first time — simultaneous investigation of both spatial
and spectral information, hence enabling conclusions to be made
on SN progenitor ages and metallicities, from a range of techniques
from a single telescope pointing. This is the direction of the cur-
rent paper: to show how wide-field and high spatial resolution IFS
can be used to study SN environment and take this field in new
directions.

Kuncarayakti et al. (2013a,b) used -IFS observations of high spa-
tial resolution (but with small field of view, FoV) to disentangle sin-
gle stellar clusters where the progenitor star could have been born,
and compared the masses and metallicities for different SN pro-
genitor parent stellar clusters. Similar studies have been performed
with galaxies observed by the Calar Alto Legacy Integral Field Area
(CALIFA) survey using PPAK/PMAS, an Integral Field Unit (IFU)
with large FoV and a spatial resolution of 1 arcsec’. Galbany et al.
(2014) have compiled a large sample of 128 SNe and probed for
the first time spectroscopically the different association of different
SN types to the star formation of their environment. Moreover, the
differences in the local environmental oxygen abundance for differ-
ent SN types have been also investigated: a sequence from SN Ia
occurring on average in metal-rich environments, through SNe IIn,
Ic, I1, Ib and IIb was found (Galbany et al. in preparation). A recent
review of SN environmental studies can be found in Anderson et al.
(2015a), which concentrates on the more traditional techniques de-
scribed above, but also presents some preliminary analysis of data
used in the current work and speculates as to future directions of
environmental studies.

In this paper, we aim to probe the capabilities of the Multi-
Unit Spectroscopic Explorer (MUSE) IFU recently mounted to the
8 m VLT UT4, by obtaining wide-field and high spatial resolution
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spectroscopy of the whole extent of galaxies that have hosted several
detected SNe, in order to compare SN parent stellar populations with
both global and positionally distinct regions of the host galaxy. Our
sample consists of six galaxies which hosted a total of 11 SNe.
MUSE allows for the first time to obtain observations of the full
spatial extent of a single SN host galaxy in both a small number
of pointings (two at most in our case), together with unprecedented
spatial resolution. This allows a spectroscopic study of multiple
distinct regions within the galaxy of locations which have/have not
hosted SNe. Using these data, we will investigate whether SNe
explode in higher/lower metallicity/age/extinction populations than
the overall galaxy, and use these parameters to further probe the
nature of SNe progenitor populations in the context of the overall
host galaxy.

This work will serve as a pilot study which will enable the
community to further define how MUSE can be used in this
field of SN galaxy environment studies. Recently, the All-weather
MUSE Integral-field Nearby Galaxies (AMUSING; Anderson et al.
in preparation.) survey has started compiling a large number of
nearby SN host galaxies that will serve as a statistical sample to
study the environments of SNe. In this first paper using MUSE to
study SN environments, we investigate the different avenues opened
by such an instrument and present techniques which can be used in
future studies to extract measurements from the deluge of data now
available for SN environment studies.

This paper is organized as follows. In section Section 2, we
describe the characteristics of the observations and the compilation
of the sample. Then, in Section 3 we describe the analysis performed
to the data to extract the needed spectral parameters. In Section 4,
the results for the 10 SNe are presented, and finally in Section 5,
we summarize and give our conclusions.

2 OBSERVATIONS

MUSE (Bacon et al. 2014) is a new IFS located at the Nasmyth
B focus of Yepun, the VLT UT4 telescope at Cerro Paranal Ob-
servatory. It has a modular structure composed of 24 identical
IFU modules that together sample, in Wide Field Mode (WEM),
a near-contiguous 1 arcmin® FoV. The instrument provides a FoV
of 1 arcmin? with spaxels of 0.2 x 0.2 arcsec, and a wavelength
coverage of 4650-9300 A with a mean resolution of R ~3000. The
combination of a large FoV with a spatial sampling sufficient to
properly sample the PSF even under good seeing conditions makes
MUSE a unique instrument for a variety of science applications.
Although the main motivation for developing this new instrument
is the observation of faint galaxies at medium to high redshift, some
very promising applications exist for the investigation of nearby
galaxies.

NGC 6754 was observed in the context of Programme 60.A-9329
(PI Galbany) of the first MUSE Science Verification run. All data
from the MUSE commissioning and SV were made publicly avail-
able immediately after the observations. After a thorough search
for SNe in other public targets, a sample of six galaxies that hosted
11 SNe (4 Ia, 7 II) has been compiled. Besides seven typical SN II
and Ia, the following four SNe had more precise classifications:
SN 2000ft was discovered in NGC 7469 by using radio observa-
tions and showed similar evolution properties than other compact
radio sources identified as SN II (Alberdi et al. 2006); SN 2000cb
showed similar photometric behaviour than SN 1987A, which are
thought to be SN II resulting from the explosion of blue super-
giants (Pastorello et al. 2005; Taddia et al. 2012); SN 1993R was
typed as a peculiar SN similar to the subluminous SN Ia class
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Table 1. Description of the observations.

SN environments with MUSE 4089

Galaxy name Observations (2014) ESO project ID PI Exp. time (s) Seeing (arcsec)
NGC 2906 commissioning July 28 60.A-9100(B) MUSE team 4 % 300 0.88

ESO 362-18 commissioning July 28 60.A-9100(A) MUSE team 5 x 1200 0.98

NGC 6754 SV June 28 and 30 60.A-9329(A) Galbany 3 x 940 (E), 3 x 940 (W) 0.95 (E), 2.65 (W)
NGC 7742 SV June 23 60.A-9301(A) Sarzi 2 x 1800 1.14

IC 1158 SV June 24 60.A-9319(A) Muiioz-Mateos 2 x 540 (in), 2 x 910 (out) 0.98 (in), 1.06 (out)
NGC 7469 SV August 19 60.A-9339(A) Hawthorn/Marconi/Salvato 4 x 600 1.23

Table 2. Summary of the galaxy and SN sample. Galaxies ordered by right ascension (RA).

Galaxy name RA Dec. redshift Morphology E(B—V) SNname SN type Off. EW  Off. NS  Separation
(mag) (arcsec)  (arcsec) (arcmin)
ESO362-18 051935810 -323928.02 0.012445 SBO0/a(s) pec 0.017 2010jr I -16.8 +13.6 0.351
NGC 2906 093206247  +082630.86 0.007 138  Scd? 0.047 2005ip IIn +02.8 +14.2 0.239
IC 1158 1601 34.072  +014228.19 0.006 428  SAB(r)c? 0.114 2000cb  II 87A-like -29.5 -04.2 0.490
NGC 6754 191125752 -503831.96 0.010864 SAB(rs)bc 0.070 2000do  Ia +04.5 +07.6 0.125
2005cu 1T -12.0 +03.0 0.194
1998dq Ia -18.7 +05.0 0.319
1998X I —23.8 -03.1 0.405
NGC 7469 2303 15.674 408522528 0.016317 (R’)SAB(rs)a 0.069 2000ft 1I radio -01.7 +00.0 0.031
2008ec Ia +13.7 -07.4 0.256
NGC 7742 234415710 +104601.55 0.005547 SA(r)b 0.055 1993R la 91bg-like +08.0 +05.0 0.218
2014cy 1T +01.0 +12.0 0.198

1991bg-like, but with stronger Can NIR triplet (Filippenko &
Matheson 1993). Finally, SN 2005ip spectra showed that it was
interacting with the surrounding circumstellar medium, and it was
typed as SN IIn (Stritzinger et al. 2012). The programme that pro-
posed the observations of these five galaxies, observation periods,
exposure times, and seeing at the time of observations are summa-
rized in Table 1.

MUSE delivers an impressive set of ~100 000 spectra per point-
ing covering most of the optical domain. For NGC 6754, the ob-
servations were divided in two pointings, one for each eastern and
western part of the galaxy. The final cube is the result of three obser-
vations of 940 s of exposure time, where the second and third were
slightly shifted (2 arcsec NE and SW) in order to provide a uniform
coverage of the FoV and limit systematic errors in flatfielding and
sky subtraction, and rotated 90 deg to be able to reconstruct an
homogenous coverage including the edges. In between the two sci-
ence pointings another 170 s observation of the sky was performed
to be able to remove the telluric contribution from the science im-
ages. The reduction of the raw data was performed with REFLEX
(Freudling et al. 2013) using version 0.18.5 of the MUSE pipeline
(Weilbacher et al. 2014) with default parameters, which consists of
the standard procedures of bias subtraction, flat fielding, sky sub-
traction, wavelength calibration and flux calibration. Sanchez et al.
(2015) presented a complete census of the H i1 regions in the galaxy
NGC 6754 using the same observations presented here. These were
used to derive the radial oxygen abundance gradient and estimate
the typical mixing scale length. Evidence of an azimuthal variation
in the oxygen abundance was found, which may be connected with
radial migration.

For IC 1158 also two pointings were obtained, and the other
four galaxies were observed with only one pointing. They all were
reduced in the same way than NGC 6754. Details of all SN and
host galaxy properties are listed in Table 2. In Fig. 1, we show the

MUSE FoV over the Digitized Sky Survey (DSS) and the Sloan
Digital Sky Survey (SDSS) images of the galaxies composing our
sample, and a bar which gives an idea of their physical scales.

3 ANALYSIS

As noted in the introduction, we have previous experience of
analysing wide-field IFS observations of SN host galaxies through
the CALIFA survey (see SN environment analysis in Stanishev
et al. 2012 and Galbany et al. 2014). Hence, the same techniques
were adapted to MUSE data. However, we also note an impor-
tant difference: in the CALIFA analysis SN explosion site stellar
population parameters were compared to those of the overall host;
however, here we go one step further in comparing SN explosion
site environments to all other stellar populations found within hosts,
therefore fully utilizing the MUSE observations.

A major difference between MUSE and previous large FOV IFS
instruments is the impressive 0.2 x 0.2 arcsec pixel scale. How-
ever, for nearby galaxy studies where one is interested in extracting
Hu region parameters, this actually complicates interpretations of
spectra. In such high spatial resolution spectra, it is possible that
each spaxel actually contains only part of an Hu region. In ad-
dition, it has been shown that there exist significant diffuse Ho
emission within galaxies which does not arise from SF H 11 regions
(Castellanos, Diaz & Tenorio-Tagle 2002; Giammanco, Beckman
& Cedrés 2005; Sanchez et al. 2014). Therefore, in order to analyse
data in a consistent manner, and also to enable H 11 region assump-
tions to be secure when analysing spectra, we choose to focus our
analysis on spectra spatially aggregated by identifying H i1 regions
within host galaxies (using specific software created for this job,
which is detailed below). In the next sections, we first work with
individual spaxel spectra in order to obtain 2D extinction-corrected
Ha emission maps in order to identify individual H i regions. Then,

MNRAS 455, 4087-4099 (2016)
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ESO 362-18

NGC 6754

IC 1158

NGC 2906

NGC 7469 NGC 7742

Figure 1. Images of the galaxies obtained from the SDSS when available, and DSS when not. The MUSE field of view is overplotted.

the spectral extraction process is repeated working with H 11 regions,
and the parameters for our analysis are hence obtained. Later, we
also perform our analysis on individual spaxel spectra, and compare
the results between the two methods.

3.1 Stellar continuum fitting

All the original spectra were corrected for the Milky Way dust
extinction using the dust maps of Schlafly & Finkbeiner (2011)
and applying the standard Galactic reddening law with Ry = 3.1
(Fitzpatrick 1999). The spectra were then corrected to rest-frame
wavelengths.

Adopting the basic assumption that the star formation history of
a galaxy can be approximated as the sum of discrete star formation
bursts, the observed stellar spectrum of a galaxy can be represented
as the sum of spectra of single stellar population (SSP) with different
ages and metallicities. We used the sTARLIGHT code (Cid Fernandes
et al. 2005, 2009) to estimate the fractional contribution of the
different single stellar populations (SSP) with different ages and
metallicities, to the stellar continuum in the spectra. We can then
estimate the mean light-weighted or mass-weighted age and metal-
licity of the combined stellar population, as well as the total mass.

Dust effects, parametrized by AS™,! are modelled as a foreground

! The superscript %" refers to the nature of the Ay measurement. In this
case, it is derived using fits to the stellar continuum, while A%,as refers to
the extinction derived from measurements of the Balmer decrement (See

Section 3.2)

MNRAS 455, 4087-4099 (2016)

screen with a Fitzpatrick (1999) reddening law assuming Ry = 3.1.
We have used a selection of the SSP model bases, which consists
of 66 components with 17 different ages (from 1 Myr to 18 Gyr)
and four metallicities (0.2, 0.4, 1.0 and 2.5 Z ), where Z¢ = 0.02)
coming from a slightly modified version of the models of Bruzual &
Charlot (2003),2 replacing STELIB by the MILES spectral library
(Sanchez-Blazquez et al. 2006), Padova 1994 evolutionary tracks,
Chabrier (2003) initial mass function (IMF) truncated at 0.1 and
100 M, and new calculations of the TP-AGB evolutionary phase
for stars of different mass and metallicity by Marigo & Girardi
(2007) and Marigo et al. (2008).

3.2 Ionized gas component

The starLIGHT fits were subtracted from the observed spectra to
obtain pure nebular emission line spectra, and to accurately mea-
sure the most prominent emission lines (HB, [O m]A5007, He and
[N 11]JA16548, 6583) by means of weighted non-linear least-squares
fit with a single Gaussian plus a linear term.

The observed ratio of Ho and HB emission lines provides an
estimate of the dust attenuation A} along the line of sight through
a galaxy. Assuming an intrinsic ratio /(Ha)/I(HB) = 2.86, valid
for case B recombination with 7 = 10000 K and electron den-
sity 10> cm ™3 (Osterbrock & Ferland 2006), and using Fitzpatrick
(1999) Milky Way extinction law, we obtained an estimate of
E(B — V). Adopting Ry = AY"/E(B — V) = 3.1 we calculated

2 See Bruzual (2007) for more information.
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A$". The emission lines previously measured were corrected for
the dust extinction before calculating any further measurement.

To identify AGN contamination in the galaxy centres we
used the so-called BPT diagnostic diagram (Baldwin, Phillips &
Terlevich 1981; Veilleux & Osterbrock 1987), a map of 03 =
loglo(%), and N2 = loglo(%), on which gas ionized
by different sources occupies different areas. Two criteria com-
monly used to separate SF from AGN-dominated galaxies are the
expressions in Kewley et al. (2001) and (Kauffmann et al. 2003).
However, it should be noted that the latter is an empirical expression,
and bona fide H1 regions can be found in the composite area de-
fined in between the two lines (Sanchez et al. 2014). Central spaxels
whose spectra had emission falling in the AGN-dominated region
according to the criterion of Kewley et al. (2001) were excluded,
and 2D maps of extinction-corrected He intensity were created.

3.3 H1I region segregation

The aim of this study is to present a method to characterize the
SN parent nebular cluster in comparison to all other populations in
the galaxy. Our approach here is to select the nebular clump that
is closer to the SN explosion, assume that this is the cluster whose
properties may be related to the observed properties of the SN and,
for CCSN, where the SN progenitor was born. Then, we compare
such properties to the same parameters measured in all other nebular
clusters in the galaxy.

We used our extinction-corrected Ho maps to select the SF Hn
regions across the galaxy with HuExpLORER® (Sanchez et al. 2012).
This package detects clumps of higher intensity in the map by ag-
gregating the adjacent pixels until one of the following criteria is
reached: (i) a minimum flux threshold; (ii) a relative flux with re-
spect the peak; or (iii) a radial distance limit. We put a limit of the
median Ho emission, a 10 per cent of the peak flux, and 500 pc as
the limits for the three criteria, respectively. The distance limit takes
into account the typical size of H 11 regions of a few hundreds of par-
secs (e.g. Gonzdlez Delgado & Pérez 1997; Lépez et al. 2011). The
code starts with the brightest pixel, and iterates until no peak with
a flux exceeding the median Ha emission flux of the galaxy is left.
This procedure has already been used in Galbany et al. (2014) with
CALIFA data. In that case, the code did not always select individual
Hu regions since the physical scale of a real Hu region could be
significantly smaller than the CALIFA pixel size (1 arcsec?). Mast
et al. (2014) estimated that usually from one to six H 11 regions were
selected in data with that resolution. For MUSE data the upper limit
must be lower than in the CALIFA case, since the spatial resolution
is, at most, five times better (seeing dependent). Another caveat of
the procedure is that it tends to select regions with similar sizes,
although real Hu regions have different sizes. Furthermore, pro-
genitors may often be formed in distinct regions compared to those
within which they explode. A full analysis of these issues is beyond
the scope of this work, but we note that further work in improving
Hu region identification through HiexpLORER (and other codes) is
progressing. Also, in later sections we make comparisons between
extracted spectral parameters from H 11 regions and exact explosion
sites, which provide estimations of the uncertainties involved in our
technique.

Once the H i1 regions were identified, the same analysis described
in Sections 3.1 and 3.2 was performed to the extracted spectra, and
a cleaning procedure was applied to discard any of the segregated

3 http://www.caha.es/sanchez/HII_explorer/
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regions that resulted from a failure of the code (usually a selection of
aregion of diffuse gas). We first, required that the He EW was higher
than 6 A to be sure that the emission has a star formation origin, and
then we required a S/N of the HB emission line of three and that
this emission has to be higher than a certain threshold. Due to the
nature of the observations, since they were observed with different
characteristics, exposure times, etc., this threshold is different for
each galaxy and ranges from 10~'8 erg s~' cm~2 A~ for NGC 7742
that shows the greatest S/N, to the 1070 erg s~ cm ™2 A~ for IC
1158 which shows the lowest S/N ratio.

After these cuts, the number of H 11 regions that we are left with
is as follows. IC 1158 (292), NGC 6754 (423), ESO 362-18 (91),
NGC 7742 (323), NGC 7469 (169) and NGC 2906 (241). Which
makes a total of 1539 for six galaxies (~250 per galaxy on average).
In Fig. 2, we show the resulting H 11 regions overplotted on the Ho
2D maps. It can be seen that this procedure misses some regions
with high He intensity, but they did not pass the criteria described
above.

We note that we detected contamination from the SN 2005ip
remnant in its underlying H 1 region. This has been removed in the
following analysis by fitting broad emissions centred at H Balmer
lines.

3.4 Studied parameters

3.4.1 Star formation rate

We estimated the ongoing star formation rate (SFR) in all H re-
gions from the extinction-corrected He flux F(H ) using the ex-
pression given by Kennicutt (1998),

SFR [Mg yr '] = 7.9 x 107** L(Ha), (1)

where L(Ha) is the Ho luminosity in units of erg s~!. Cataldn-
Torrecilla et al. (2015) demonstrated that the Ho luminosity alone
can be used as a tracer of the current SFR, even without includ-
ing UV and IR measurements, once the underlying stellar absorp-
tion, and the dust attenuation effects have been accounted for. This
measurement was also used to estimate the specific SFR (sSFR =
SFR/mass) and the SFR density (XSFR = SFR/area).

3.4.2 Hua equivalent width

While the He line luminosity is an indicator of the ongoing SFR,
the Ho equivalent width (EW) measures how strong the line is
compared with the continuum. The continuum light is dominated
by old stars, which also contain most of the galaxy stellar mass. Ho
EW can be thought of as an indicator of the strength of the ongoing
SFR compared with the past SFR. In our galaxies, the He EW was
measured from the normalized spectra, resulting from the division
of the observed spectra by the STARLIGHT fit. It has been shown to
be a good proxy for the age of the youngest stellar components
(Kuncarayakti et al. 2013a).

3.4.3 Oxygen abundance

Since oxygen is the most abundant metal in the gas phase and
exhibits very strong nebular lines in optical wavelengths, it is usu-
ally chosen as a metallicity indicator in ISM studies. The most
accurate method to measure ISM abundances (the so-called direct
method) involves determining the ionized gas electron temperature,
T,, which is usually estimated from nebular to auroral line intensity

MNRAS 455, 4087-4099 (2016)
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Figure 2. Resulting H 11 regions using HuexpLORER and after applying the cleaning procedure described in Section 3.3.

ratios, e.g. [O ] Ax4959, 5007/[O m] 14363 (Izotov et al. 2006;
Stasinska 2006). However, in our data the direct method cannot
be used since the bluer wavelengths available are around 4700 A,
and we used instead other strong emission line methods to deter-
mine the gas oxygen abundance. Many such methods have been
developed throughout the years. The theoretical methods are cal-
ibrated by matching the observed line fluxes with those predicted
by theoretical photoionization models. The empirical methods, on
the other hand, are calibrated against H 1 regions and galaxies
whose metallicities have been previously determined by the direct
method. Unfortunately, there are large systematic differences be-
tween methods, which translate into a considerable uncertainty in
the absolute metallicity scale (see Lépez-Sanchez & Esteban 2010
for areview), while relative metallicities generally agree. The cause
of these discrepancies is still not well understood, although the em-
pirical methods may underestimate the metallicity by a few tenths
of dex, while the theoretical methods overestimate it (Peimbert et al.
2007; Moustakas et al. 2010).
We used an empirical method based on the O3N2 ratio

O3N2 = log [([Om] A5007/HB) / (IN 1] A6583/Ha)], 2)
to compute the elemental abundances in all galaxies and discussed
the results in a relative sense. O3N2 was first introduced by Alloin
etal. (1979), as the difference between the two line ratios used in the
BPT diagram ([O m1]/HS and [N u]/Hea). We use here the calibration
introduced by Marino et al. (2013) (hereafter M13),

12 4 log (O/H) = 8.533 — 0.214 x O3N2. 3)

MNRAS 455, 4087-4099 (2016)

This method has the advantage (over other methods) of being in-
sensitive to extinction due to the small separation in wavelength of
the emission lines used for the ratio diagnostics (although this is
corrected in our case) and not suffer from differential atmospheric
refraction (DAR). The uncertainties in the measured metallicities
have been computed by explicitly including the statistical uncer-
tainties of the line flux measurements and those in the derived SN
host-galaxy reddening, and by properly propagating them into the
metallicity determination.

4 Hixt REGION STATISTICS

The nearest SN H 1 region was selected by measuring the depro-
jected distance from the SN position to the centre of all H 1 regions,
and looking for the lowest value. For the deprojection of distances
we used the Ho velocity map and analysed the kinematics. SN po-
sitions have been determined from galaxy coordinates applying the
reported offsets in discovery telegrams. For SNe II, and given the
short elapse (few tens of Myr) between the birth of the progenitor
star and the supernova explosion, these were considered to be the
parent H regions. In the case of SNe Ia, their long delay times
(100 Myr to Gyrs) mean that associating any given environment
directly to the SN progenitor population is much more problematic
given that progenitors could have moved a considerable distance
before explosion. However, it is still possible that interesting results
can be obtained in analysing these explosion sites (see e.g. Rigault
et al. 2013; Anderson et al. 2015b; Kelly et al. 2015), and hence we
proceed in this fashion. In Fig. 3, we present the spectra of the 11
selected nearest SN H 11 regions.
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Figure 3. Stellar continuum normalized spectra of the nearest H i1 regions for the 11 SNe. Flux has been normalized to a common He emission. In the left-hand
panel, the normalized flux has been scaled by a factor of 3 in order to show clearly the HS and the O 5 25007 lines. The different strength of the emission
lines, and the signal-to-noise ratio of the continuum for all spectra are clearly seen.

Table 3. Average values of the parameters studied in this work for all six galaxies.

Galaxy name HoEW log(SFR) log(2£SFR) log(sSFR) 12+1og(O/H)Mm13, 03n2
A) Mg yrh M@ yr~! kpe™?) (yr 1) (dex)
ESO 362-18 27.06 (—12.76,+15.99) 2.26 (—0.44,4-0.31) —1.29 (—0.40,+0.28) —10.28 (—0.38,+1.83) 8.43 (—0.09,4-0.04)
NGC 2906 35.38 (—16.33,+38.23) —3.12 (—0.21,+0.40) —1.67 (—0.20,+0.37) —9.40 (—1.09,+2.18) 8.58 (—0.03,4-0.03)
IC 1158 30.51 (—12.24,+35.88) —3.60 (—0.41,+0.34) —2.37 (—0.27,40.28) —9.98 (—0.35,+0.55) 8.41 (—0.09,4-0.09)
NGC 6754 26.00 (—12.67,+26.01) —3.29 (—0.30,40.40) —2.35 (—0.20,+0.39) —9.03 (—=0.71,4+0.54) 8.58 (—0.04,+0.03)
NGC 7469 49.52 (—36.27,4+107.06) —2.52 (—0.44,+0.71) —1.80 (—0.38,+0.67) —9.30 (—0.42,+0.46) 8.50 (—0.02,4-0.03)
NGC 7742 39.80 (—22.30,4+48.90) —3.32 (—0.29,+0.83) —1.67 (—0.28,+0.87) —8.16 (—0.38,+0.53) 8.52 (—0.04,+0.05)

IFS data allows a proper characterization of the SN environment
with respect to other regions of the galaxy. In the following, we
construct galaxy-wide distributions of the He EW, SFR, XSFR,
sSFR and Oxygen abundance, measured in all Hu regions of the

galaxy, and position the nearest SN Hn region values in those dis-
tributions. In Table 3, we give the average values of the parameters
for all galaxies, while Table 4 lists the nearest SN H 11 region values.
Table 5 contains the results split in two groups: we give for SNe II

MNRAS 455, 4087-4099 (2016)
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Table 4. Results of the parameters studied in this work at the nearest SN H 11 region position and at the SN position.

SN name Type HoEW Age SFR > SFR sSFR 124+1og(O/H)m13, 03n2
A (Myr) Mg yr™h) Mg yr~" kpe™?) (yr™") (dex)
nearest H 11 region
2005ip IIn 57.74 (2.26) 6.96 (0.03) 1.20(0.05) ¢ =3 3.03(0.13) e 702 6.04 (0.25) e~ 10 8.467 (0.016)
2000ft II radio 106.16 (3.22) 6.13 (0.02) 7.79(0.26) ¢ 0! 5.82(0.20) et00 3.52(0.12) e 10 8.537 (0.012)
2008ec Ia 6.99 (0.32) 13.45 (0.24) 1.48(0.11) =3 7.77(0.58) ¢~ 1.84 (0.14) e~ 8.397 (0.048)
1993R Ia 91bg-like 59.06 (0.63) 6.36 (0.01) 4.28(0.06) e~ 1.71(0.02) e~ 1.23 (0.02) e~ 10 8.582 (0.008)
2014cy II 104.17 (0.84) 6.13 (0.01) 7.17(0.08) e~ 2.98(0.03) ¢! 2.76 (0.03) e~ 10 8.552 (0.006)
2010jr I 20.72 (0.87) 9.36 (0.47) 6.89(0.33) e~ 6.05(0.29) e~ 6.07 (0.29) e~ 10 8.299 (0.012)
2000do Ia 22.09 (0.55) 8.16 (0.88) 7.90(0.26) e =04 5.74(0.19) ¢~ 1.10 (0.04) e~ 8.630 (0.018)
2005cu I 32.01 (0.59) 6.68 (0.01) 1.62(0.04) e~ 1.23(0.03) e =92 2.64 (0.07) e 10 8.619 (0.015)
1998dq Ia 26.26 (0.79) 6.89 (0.11) 6.65(0.26) e =04 5.28(0.20) e~ 9.14 (0.36) e 10 8.597 (0.016)
1998X I 18.73 (0.56) 8.65 (0.89) 3.96(0.15) e~ 4.87(0.19) e~ 4.17(0.16) e~ 10 8.613 (0.022)
2000cb 11 87A-like 31.79 (3.47) 6.68 (0.09) 1.04(0.12) e=%* 2.37(0.77) e~ 3.61(0.41) e 8.424 (0.019)
SN location

2005ip IIn 74.23 (2.29) 6.28 (0.01) 7.65(0.27) e~ 5.13(0.18) e =2 2.09 (1.12) e~ 10 8.502 (0.016)
2000ft 11 radio 109.39 (3.67) 6.11 (0.02) 5.17(0.19) 0! 6.79(0.25) e+00 7.62 (2.64) e 1 8.525 (0.013)
2008ec Ia 3.14 (0.29) 18.36 (2.86) 1.36(0.16) e~ 1.78(0.21) e~ 6.51 (2.40) e~ 8.410 (0.046)
1993R Ia 91bg-like 103.51 (0.99) 6.14 (0.01) 2.82(0.01) e 3.13(0.04) e ! 1.86 (1.98) e~ 10 8.554 (0.007)
2014cy I 107.46 (0.84) 6.12 (0.01) 3.58(0.01) e 3.96(0.04) e 0! 491 (2.39) e 12 8.540 (0.006)
2010jr I 6.98 (0.60) 12.39 (0.10) 1.03(0.10) e~ 2.31(0.23) e~ 3.02 (0.01) e 10 -
2000do Ia 16.97 (0.52) 10.05 (0.66) 1.06(0.04) 03 3.11(0.11) e 792 4.11 (1.65) e~ 12 8.545 (0.027)
2005cu I 41.88 (0.69) 6.53 (0.01) 2.14(0.04) e~ % 5.98(0.12) e~ % 2.41(0.25) e~ 8.647 (0.015)
1998dq Ia 21.60 (0.64) 8.32 (1.02) 6.78(0.25) ¢ =00 1.89(0.07) e=% 1.46 (0.35) e~ 8.598 (0.018)
1998X I 21.66 (0.58) 8.31 (1.01) 7.76(0.27) e =% 2.16(0.08) e=% 6.99 (0.58) e~ 12 8.634 (0.037)
2000cb 11 87A-like 12.21 (5.97) 11.16 (2.32)" 2.71(1.02) e=% 3.00(1.13) 03 3.80 (0.08) e~ ! —

“ Assuming a metallicity of 8.529 (0.042) measured with the M 13 N2 method. bResult assuming Zoy. It would be 11.12 (2.58) Myr assuming Zj mc.-

Table 5. Average values of the parameters studied in this work measured
in the nearest SN H 11 region, and of the position in the CD of all H 1 regions
in the galaxy, for the two SN types.

SN II SN Ia

Parameters
Ho EW (A) 53.05 (1429 28.10 (11.30)
Age (Myr) 7.23 (0.48) 8.72 (1.62)
log(SFR) (M@ yrfl) —2.64 (0.47) —2.87 (0.18)
log(=SFR) (M@ yr~ ! kpe=?) —1.48 (0.45) —1.85 (036)
log(sSFR) (yr™") —-9.26 (0.15) —9.66 0.42)
12+1og(O/H)mi3, 03Nz (dex) 8.50 (0.04) 8.55 (0.05)

CD position
CD HeEW 0.59 (0.08) 0.40 0.14)
CD IOg(SFR) 0.61 (0.14) 0.61 (0.16)
CD log(ESFR) 0.61 (0.14) 0.63 (0.15)
CD log(sSFR) 0.49 (0.08) 0.52 0.17)
CD 12+1log(O/H)m13, 03N2 0.57 (0.14) 0.66 (0.22)

and SNe Ia the average value of each parameter presented in this
work and the average position in the cumulative distributions (CD).
Figs 4-6 show these distributions. Overplotted are the values at the
nearest SN H 11 regions, and the averages of these SNe II and SNe
Ia subsamples, which will be discussed below.

4.1 He EW

All CD in Fig. 4 increase steadily up to Ha EW values
around ~30 A, to then keep increasing shallowly up to ~250 A.
This correspond to distributions peaking at He EW ~ 30 A and

MNRAS 455, 4087-4099 (2016)

having a wing that goes to higher values. The mean Ho EW val-
ues for the six galaxies are quite similar, from 26.00 (;5¢%) A for
NGC 6754 t0 49.52 (735706) A for NGC 7469. Since, under certain
assumptions, this can be used as proxy for the age of the stellar pop-
ulations present in the galaxies (see Section 4.1.1), we can order
our galaxies from the one having, on average, older H 1 regions to
the younger.

Strong conclusions cannot be taken from the results of nearest
SN H 1 regions, given the low numbers on our sample. Nevertheless,
they are above the median Ho EW of their host galaxies (represented
by a horizontal line in Fig. 4), except for four cases: SN 2008ec in
NGC 7469; SN 2010jr in ESO 362-18; and SN 2000do and SN
1998X in NGC 6754. Two of them are type la SNe and the other
two are type II SNe. The lowest value is at SN 2008ec H 11 region
(6.99 £ 0.32 A), and the highest value is at the radio SN 2000ft
Hu region (106.16 & 3.22 A). Excluding this radio SN 2014cy
Hu region would be the one showing the highest value of 104.17
(0.84) A.

The average Ho EW for SNe II in our sample is 53.05 (14.25) A,
while for SNe Ia is lower 28.10 (11.30) A. On average, the parent
SNe II Hu regions have He EW values above the median of all
Hu regions in their galaxies ((CD) = 0.59 £ 0.08), while the
nearest SNe la H 11 regions have lower values ((CD) = 0.40 4= 0.14).
Given the low number statistics involved in the current study, any
significant conclusions are premature. However, the main aim of
this paper is to show how these wide-field IFS data can be used
to analyse SNe environments in new statistical ways. Plots such
as those presented in Figs 4-7 show the potential of galaxy-wide
environment studies to differentiate SN progenitor properties by
asking where within the distribution of host galaxy stellar population
properties SNe are found to explode.
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Figure 4. CD of the He EW of all H1 regions in the galaxies. Each coloured line represents one of the six galaxies, while symbols (stars for SN Ia, triangles
for SN II and squares for the radio SN) determines the position and the He EW of the nearest SN H i region. A grey horizontal line crosses the distributions at
their median values. Three big grey symbols in the background, represent the average positions of the SNe Ia (big star) and SNe II (big square for the seven
SNe II, and a big triangle for the six SNe II without the radio SN), and their errors represent the standard error of the mean.

4.1.1 Age inferred from Hu EW

The Hoe EW provides an estimate of the age of a stellar population.
In a stellar population born within a single, instantaneous star-
burst, the EWs of the Balmer lines decrease with increasing stellar
population age. This is due to the constantly decreasing number
of massive ionizing stars, which are responsible for the nebular
emission. As a result, the line emission becomes less prominent
compared to the stellar continuum, thus EW decreases. Comparing
the observed Hoe EW of the H i1 regions of the SNe with Starburst99
SSP models (Leitherer et al. 1999), we estimated the age of the
associated stellar populations. It should be noted that the measured
Ho EW is dependent on the strength of the underlying continuum,
which contribution could come from older populations not related
to the Hu region. For this reason, we consider our measurements
as lower limits for EWs and upper limits for stellar ages. Assuming
single starburst and adopting the respective metallicity values, this
method gives an age of 6.13 (0.02) Myr for SN 2000ft and 13.45
(0.24) Myr for SN 2008ec. The remaining SNe would have ages
in between these two SNe. The average SNe II parent cluster age,
7.23 (0.48) Myr, is lower than the corresponding age of SNe Ia
clusters, 8.72 (1.62) Myr. This would indicate that SNe II are more
associated with more massive stars compared to SNe Ia.

4.2 Star formation rate

We show in Fig. 5 the SFR (top), the SFR density (middle) and

the specific SFR (bottom) distributions for all the Hu regions in

our six galaxies. The average SFR values range from —3.60 (fg:;‘i

dex My yr! for IC 1158 to —2.26 (*)3]) dex M yr™! for ESO
362-18, while for the TSFR goes from —2.37 (1(3]) dex Mg
yr~! kpe™? for IC 1158 to —1.29 (*)39) dex M yr~! kpc2 for
ESO 362-18. The lowest sSFR is —10.28 (103 yr~! for ESO 362-
18, and the highest is —8.16 (*-3%) yr~! for NGC 7742. Although
NGC 6754 has a similar average SFR and sSFR than NGC 2906
and NGC 7742, we see that the two latter have significantly higher
2 SFR due to their smaller physical size of the Hu region. This
stresses the importance of measuring the SFR density to properly
compare galaxies of different sizes and distances, which correspond
to spaxels of different size. IC 1158 is the galaxy showing the lowest
values in all indicators but in sSFR. Since the sSFR is the ongoing
SFR per unit galaxy stellar mass, it gives an indication on the
contribution of the current star formation to the galaxy growth. This
indicates that a significant fraction (with respect to the other five
galaxies) of its mass has been recently created. Moreover, we note
that this galaxy, and NGC 6754, also required two pointings to
cover part of it. On the other hand, the four galaxies that fitted in
one pointing have ©SFR higher than —2 dex M yr™' kpc™2.
SFR and £SFR CDs presented in Fig. 5 for NGC 7742 have
shapes that correspond to a typical two peak distribution. They are
represented in the upper panel of both CDs. The separation of the
two peaks is around ~—2.8 dex M yr~!in the SFR distribution,
and at ~—1.3 dex My yr~! kpc™ in the ©SFR distribution, where
the bump in the CD that corresponds to the second peak is around
~—=2.5dexMgp yr~!in the SFR distribution, and at ~—1.0 dex Mg
yr~! kpc? in the X SFR distribution. The first peak, with lower SFR
and X SFR would correspond to the H 1 regions across the disc of
the galaxy, while the second and shortest peak centred at higher SFR

MNRAS 455, 4087-4099 (2016)
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Figure 5. CD of the SFR, SFR density and specific SFR of all H 1 regions
in the galaxies. Each coloured line represents one of the six galaxies, while
symbols (stars for SN Ia, triangles for SN II and squares for the radio SN)
shows the position and the measurement of the nearest SN Hu region. A
grey horizontal line crosses the distributions at their median values. Three
big grey symbols in the background, represent the average positions of the
SNe Ia (big star) and SNe II (big square for the seven SNe II and a big
triangle for the six SNe II without the radio SN) and their errors represent
the standard error of the mean.
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and X SFR values would represent those H 11 regions located on the
circular ring where the two nearest SN H 11 regions are located (See
Fig. 2). This is underlying that the star formation is more important
on the ring when compared to the disc. All other galaxies follow
shapes of skewed one-peak distributions.

Interestingly, and with different strengths, all sSSFR CDs show
the same behaviour of a two-peak distribution. In NGC 2906,
NGC 7469 and NGC 7742 this is clearly seen. The CDs grow
up to a level where they become flatter (this corresponds to the first
peak with H 1 region low sSFR values) to then rise again (this corre-
sponds to the second peak with higher sSFR). While in H 11 regions
that contribute to the second peak a significant contribution to the
mass is being created in the last few Myr (the typical age of the
H uregion), in regions contributing to the first peak the old stars are
more important. Two out of four SN Ia occur in the first distribution,
while all SN II are located either on the second distribution or in
between the two (close to the flatter part of the CDs). This parameter
also indicates that SNe II are more associated with regions where
the current star formation is more important with respect to all the
populations present in the environment.

Again the radio SN 2000ft parent H 11 region presents the highest
SFR and TSFR parameters, —0.11 (0.02) dex My yr~' and 0.76
(0.02) dex M yr~! kpc~2. Discarding this object, the next would
be again SN 2014cy parent Hu region with —2.14 (0.01) dex Mg
yr~" and —0.53 (0.01) dex M yr~' kpc™2. The one showing the
lowest values in both parameters is SN II 2000cb in IC 1158. On
the other hand, this SN is the one with highest sSSFR —8.44 (0.05)
dex yrfl, while SN Ia 2008ec in NGC7469 has the lowest value
—10.74 (0.03) dex yr—'.

While four SNe are below the median SFR of their galaxy, only
three of them remain at lower values than the median when consid-
ering the ZSFR: SN 1998X parent H 11 region is above the average
when the X SFR is considered. For the sSFR, we considered more
important if the nearest SN H 11 region was closer to the first or the
second peak of the sSFR distribution, than if it was above or below
the median sSFR of the galaxy.

4.3 Oxygen abundance

Fig. 6 shows the distribution of the oxygen abundances measured
with the O3N2 empirical method using the M 13 calibration. Median
oxygen abundances of the six galaxies in our sample range from
8.41 (0.09) dex for IC 1158 to 8.58 (0.03) dex for NGC 6754.

Three SNe (2 IT and 1 Ia) have lower oxygen abundances than
the median value of all the H 1 regions in their galaxies, and most
of them explode close to the metal higher end H 11 regions of their
galaxies.

SN II 2010jr in ESO 362-18 is the object with the lowest near-
est Hu oxygen abundance, 8.299 (0.012), while SN Ia 2000do in
NGC 6754 is the one with the highest local metallicity 8.630 (0.018).

Average SNe Ia nearest Hu region abundances are higher than
SNe II by 0.05 dex, and while the latter are located on average at
the median abundance value of their host galaxies, SN Ia nearest
Hu regions are on average at higher metallicities than the median
({CD) = 0.66 £ 0.22). This is in agreement to what Galbany et al.
(in prepration) found studying the SN host galaxies observed by the
CALIFA survey. While SNe II locations have metallicities similar
to the integrated value of their hosts, SNe Ia locations tend to have
higher values. When the radio SN Il is included in the average SN I1
metallicity the difference in metallicity between SN Ia and SN II is
not affected, but the average position in the CDs is slightly shifted
to higher values (0.57 &+ 0.14).
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Figure 6. CD of the oxygen abundance of all H1 regions in the galaxies. Each coloured line represents one of the six galaxies, while symbols (stars for SN
Ia, triangles for SN 11 and squares for the radio SN) determines the position and the oxygen abundance of the nearest SN H 1 region. A grey horizontal line
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(big square for the seven SNe II and a big triangle for the six SNe II without the radio SN), and their errors represent the standard error of the mean.

4.4 Comparison with local site

Above, we compared the parameters measured from the nearest
SN Hu region to all other Hu regions in the galaxy. For SN II,
we assumed that the closest H1u region corresponds to the parent
nebular cluster where the SN progenitor star was born, and the
properties measured might be similar to those of the progenitor.
For SN Ia, on the other hand, the nearest Hu region do not have
to correspond to the progenitor parent cluster due to the older age
of their progenitors, and the fact that they have travelled across
the galaxy since their formation until the SN. However, the study
of the properties of SN Ia environments can give insights on the
characteristics of the explosion that might be useful, for example,
for cosmological analyses.

All the parameters studied in this work come from the measure-
ment of the ionized gas emission. While CC SNe are only found in
late-type galaxies close to regions with signs of recent star forma-
tion, SN Ia are also found in regions with no signs of star formation
and in early-type galaxies. Then, differences between the parame-
ters at the SN II locations when compared to the closest H 1 region,
are not expected to be very significant, while depending on the
distance to the Hu region, the locations of SN Ia can have very
different properties.

Here, we extracted aperture spectra at all SN locations with
a diameter that equals the seeing of each observation (See
Table 1), and compared to the measurement at the nearest
Hu region to see whether the differences introduce a bias in
the determination of the progenitor properties. In Table 4, we
also give the resulting measurements of the same parameters

presented in the previous section, for this local SN environment
spectra.

Most of our SNe are located inside one of the segregated Hu
regions, or very close to one of them (<1 arcsec), so the differences
in the parameters are not expected to be very high. The exceptions
are SN II 2010jr in ESO 362-18 and SN Ia 2008ec in NGC 7469,
that are further than 2 arcsec.

When looking at the He EW differences, we find that five out of
seven SN II tend to have higher He EW values at their positions
compared to the respective parent nebular cluster. In contrast, SN
2010jr and SN 2000cb have lower values at their positions. The
former is one of the two SN located far from a Hu region, and the
latter was classified as a peculiar event (1987 A-like). In comparison,
the opposite happens for SN Ia, the local value for three out of
four SN tend to be lower than that of the closer H1u region, with
the exception is SN 1993R that has almost twice Hoe EW locally.
This is a peculiar subluminous event that exploded in the ring of
NGC 7742. Looking at the He map in Fig. 2, one can attribute the
reason of this high local value to the fact that a very strong Ho
emission from a closer H1 region is contributing to the aperture
spectrum extracted centred at the SN position.

Since this parameter is correlated to the age of the stellar popu-
lation, this trend roughly points out that the location of the CCSN
are younger with respect of their corresponding H 11 regions, while
the locations of SN Ia contain older population than their nearest
nebular clusters.

Alllocal SFR results for all SNe are lower than the nearest nebular
cluster measurements, but for SN 2000do. This is expected since

MNRAS 455, 4087-4099 (2016)

9T0Z ‘S YoLe |\ uo a|1IyD ap pepsieAlun ke /H10'seulnolploxoseuw//:dny woly papeojumoq


http://mnras.oxfordjournals.org/

4098 L. Galbany et al.

010 N&E 76 * E
= [ NGC7742 ]
§ oosp gere . :
S o
I 0.00F-- A S
= E Al %* Ak
T 005'_*|a £ -

YL @ radio
-0.10L
8.4 8.5 8.6
12+109(O/H)\13 0an2

3[

2: *
§ F A—A *
o -
5 1k A . .
T o b

~F *

-12.0 -11.5 -11.0 -10.5 1—10.0 -9.5 -9.0

logyo (SSFR [yr™])
. ]

ol F ]
8 1k 3
n ok % . ]
T E _

-1F * -

—oF 1

-5 -4 -3 -2 -1 0 1 2

log,, (ESFR [M, yr™' kpc™])

3[
- oF ]

P A

3 o
R X .
T 0:_,, A**‘ L.
_1:
-6 -5 -4 -3 -2 -1 0
logyo (SFR [M, yr'])
40F :
20F -
— - A E
= E
S He ok ]
5 Of i R o
= -20F - 3
T o ]
-40F * 3
-60E 3
0 20 40 60 80 100 120

Ho equivalent width [A]

Figure 7. Difference between the measurement of the parameters at the
nearest Hi region and at the SN position, with respect the value at the
SN position.

the aperture from the SN position include spaxels that are outside
of any H region, and that have supposedly lower He emission.
For SN 2000do in the eastern half of NGC 6754, the extracted
aperture was smaller than the size of the nearest H i1 region, and this
explains the different behaviour (although note that the difference is
compatible with zero). Note that the behaviour of the SFR could be
different that the He EW. While the SFR is proportional to the Hx
intensity, the HeEW on the other hand measures how strong the line
is compared with the continuum. The continuum light is dominated
by old stars, which also contain most of the galaxy stellar mass,
so He EW can be thought of as an indicator of the strength of the
ongoing SFR compared with the past SFR.

The three SN in NGC 6754 for which aperture spectra >2 arcsec
were extracted, the X SFR is significantly lower than the value at
the nearest H 11 region (which typically has a diameter <2 arcsec).
Checking the segregation maps, we confirmed that such large aper-
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tures include regions of diffuse gas with weak Ha emission and
thus reducing the ¥ SFR measurement. Excluding these three SN,
we find that for six out of eight SNe, the £ SFR increases in the local
spectra with respect the nearest H 11 region, while two of them have
lower values. Although the averages are shifted to lower values,
these are biased by the three outliers, and the average difference of
the remaining eight SNe is compatible to zero.

The sSFR is in general higher in the Hn region than at SN
locations, with the exception of two SNe Ia. This stresses that at the
locations of SN II, young stars contribute more importantly to the
mass content.

No measurements of the local oxygen abundance are available
for SN 2010jr in ESO 362-18 and SN 2000cb in IC 1158, since
the [O ] needed is not strong enough to be used reliably. For
the remaining sample, interestingly, we find that while the oxygen
abundance at CCSN locations tend to be slightly higher than the
abundance of the parent H 1 region, for SN Ia we find on average
lower abundances at SN locations.

5 DISCUSSION AND CONCLUSIONS

MUSE observations combine spectral measurements of a wide-
field coverage with high spatial resolution, opening a new window
for studying SN environments. Observations of NGC 6754 were
proposed for Science Verification of the instrument, and after a
careful search in other commissioning and SV data, we put together
a sample of six nearby galaxies that hosted 11 SNe (seven type I,
four type Ia). Similar analysis was performed on MUSE data cubes
as that in Stanishev et al. (2012) and Galbany et al. (2014), which
previously analysed SN environments within the CALIFA survey. In
this analysis, we concentrated on extracting all possible H i1 regions
within host galaxies and then characterized the SN host H 11 region
within the context of all other Hn regions within each galaxy. To
our knowledge, this is the first time that such an approach has been
used for the study of SN host galaxies. We extract and analyse
Hu region statistics of He EWs, SFRs and X SFRs, together with
oxygen abundances. Explosion site properties are hence positioned
within the full galaxy-wide distributions of these age and metallicity
parameters.

The low numbers of SNe included in this exploratory work do
not allow to make any concrete conclusions on SN progenitor prop-
erties, however the novel techniques used and presented in e.g.
Figs 4-6 motivate further work on large samples (such as those
which will be enabled by the AMUSING project). This work builds
on the initial IFS SN environment studies of Galbany et al. (2014)
and the smaller FOV work by Kuncarayakti et al. (2013a,b), and
shows the possibilities of such data for further understanding SN
host galaxies and using these to probe differences in SN progeni-
tors. In conclusion, MUSE promises to be a powerful instrument in
the field of SN environment studies for years to come.
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