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ABSTRACT

We describe a survey of nearby core-collapse supernova (SN) explosion sites using integral field spectroscopy (IFS) techniques, which is an extension of the work described in Kuncarayakti et al. (2013).
The project aims to constrain SN progenitor properties based on the study of the immediate environment
of the SN. The stellar populations present at the SN explosion sites are studied by means of integral
field spectroscopy, which enables the acquisition of both spatial and spectral information of the object
simultaneously. The spectrum of the SN parent stellar population gives an estimate of its age and metallicity. With this information, the initial mass and metallicity of the once coeval SN progenitor star are
derived. While the survey is mostly done in optical, the additional utilization of near-infrared integral
field spectroscopy assisted with adaptive optics (AO) enables us to examine the explosion sites in high
spatial detail, down to a few parsecs. This work is being carried out using multiple 2–8 m class telescopes
equipped with integral field spectrographs in Chile and Hawaii.
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1. INTRODUCTION
Despite their importance and the large number of observed events, the progenitors of supernovae (SNe) are
still not very clearly understood. There have been extensive efforts on both theoretical and observational
grounds to constrain the physical properties and evolutionary status of SN progenitors. Theoretical works
(e.g. Heger et al., 2003; Groh et al., 2013) predict the
evolution of massive stars and their final outcomes as
different types of SNe, but these models still need to be
verified with observational data and the fundamental
question still lingers: is there any specific relation between SN type and the characteristics of the progenitor
star?
During the last two decades, a handful of SN progenitors have been directly detected in pre-explosion
archival Hubble Space Telescope images (see Smartt,

2009, for a review), but these detections are still rare
and most SNe do not have pre-explosion data available.
Thus far, SN Ib/c progenitors, which are believed to be
either Wolf-Rayet stars stripped of their hydrogen envelope via metallicity-driven stellar winds or interacting
massive binaries, have eluded discovery (Eldridge et al.,
2013, however note the possible detection of the progenitor of the type-Ib SN iPTF13bvn, Cao et al. 2013).
Powerful, archival direct detections are very rare and
prone to uncertainty regarding mass loss and the final
stages of massive star evolution (Yoon et al., 2012) as
well as other complications such as extinction and metallicity assumptions. As it is very difficult to improve
the statistics due to the limited availability of usable
pre-explosion images, there is a necessity for alternative
methods to better constrain the progenitor properties,
such as SN environment studies (e.g. Anderson et al.,
2012; Galbany et al., 2014). Thus, we initiated a statistical study of the SN parent stellar populations to

http://pkas.kas.org
139

140

KUNCARAYAKTI ET AL.

is volume-limited and 66 SNe were selected for new observations. As of mid-2014, around half of the targets
have been observed.
Figure 1 shows the fractions of SN types in our new
sample compared to the volume-limited observed fraction obtained from the Lick Observatory Supernova
Search (LOSS; Smith et al., 2011), which contains 80
core-collapse SNe within 60 Mpc. In our sample, there
are SNe classified as types “II” or “Ib/c” in the Asiago Supernova Catalog, which are not present in the
diagram of LOSS fractions. These type-II or Ib/c SNe
were not very precisely typed, and therefore may actually consist of other more specific subclasses such as
type-IIP/IIL/IIb/IIn or type-Ib/Ic. Smith et al. (2011)
include peculiar broad-lined type Ib/c SNe, which are
not present in our sample. Despite the differing classification details, it is evident that the fractions of SN types
in our sample resemble those of Smith et al. (2011). SNe
IIP are the most frequent, comprising ∼40–50% of corecollapse SNe, and hydrogen-poor SNe which encompass
types-Ib, Ic, Ib/c, and IIb contribute to ∼35% of the
whole core-collapse SN population.
3. DATA COLLECTION
Figure 1. Fractions of SN types in our new sample (upper
panel ), compared to the the observed SN fractions from
Smith et al. (2011, bottom panel ). See text for details.

characterize the SN progenitor stars. The initial results
have been published in Kuncarayakti et al. (2013a,b)
and in this paper we describe the efforts currently underway to improve the study and some examples of new
results. A full account of the study with detailed results and thorough analysis will be published elsewhere
(Kuncarayakti et al., in preparation).

2. THE SAMPLE
Extending our work of Kuncarayakti et al. (2013a,b), we
employ the same strategy for the current investigation.
We aim to observe the locations of nearby SNe (.20
Mpc) with integral field spectroscopy, in order to detect
the parent stellar population of the SN progenitor and
derive age and metallicity constraints from the extracted
spectra.
The initial sample of Kuncarayakti et al. (2013a,b)
consists mainly of targets accessible from the northern
hemisphere, and our currently ongoing observing campaign focuses on targets observable from the southern
hemisphere (δ < 30◦ ). As for the initial sample, we
used the Asiago Supernova Catalog (Barbon et al., 1999)
to select our observational targets. We selected corecollapse (non-Ia) SNe residing in host galaxies within
cz < 1500 km s−1 (. 20 Mpc), having low host inclination (< 65◦ , following Crowther, 2013), and not too
old to have reasonable astrometric accuracy (> 1970).
SNe younger than 2013 were not included, in order to
avoid contamination of the stellar population spectra by
SN late-time emission. With these criteria, our survey

As described in Kuncarayakti et al. (2013a,b), the initial dataset was obtained using UHawaii2.2m/SNIFS
(Aldering et al., 2002; Lantz et al., 2004) and GeminiN/GMOS (Allington-Smith et al., 2002; Hook et al.,
2004) atop Mauna Kea, Hawaii. The extension of the
project currently uses telescopes stationed in Chile for
the same purpose, but covering the southern targets.
Multiple integral field spectrographs at VLT are being
employed (VIMOS, SINFONI, MUSE; Le Fèvre et al.,
2003; Eisenhauer et al., 2003; Bonnet et al., 2004; Bacon
et al., 2010), as well as Gemini-S/GMOS and Magellan/IMACS (Bigelow et al., 1998; Schmoll et al., 2004).
We use GMOS-S with an identical instrument configuration to GMOS-N: 1-slit IFU mode with B600 grating.
For IMACS we use IFU mode at f/2 (short camera) with
300 l/mm grism. GMOS and IMACS give a similar spatial sampling of 0.200 and field of view of 500 × 7.500 . For
VIMOS observations we use the MR grating IFU mode
at 0.3300 sampling. Table 1 lists the characteristics of
the integral field spectrographs used in this study. The
observations were started in April 2014 and consist of
multiple observing runs throughout 2014 and 2015.
While this study is mostly done in optical, additional
observations in the infrared were also obtained using
VLT/SINFONI. The incorporation of SINFONI in this
study enables us to obtain high spatial resolution observations with the help of the adaptive optics system. We
use the 100mas setting for SINFONI, which gives a high
spatial resolution of 0.0500 × 0.100 per spaxel (not seeinglimited, which is the case for the optical observations)
within its 300 × 300 field of view. This has the purpose of
better resolving the stellar populations to map the star
formation history of the SN explosion site. With better
characterization of the star formation history, the constraint on the stellar population age – which has been
usually assumed to be formed by an instantaneous burst
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Table 1
Instrument configurations used in this study
Instrument
SNIFS
VIMOS
MUSE
GMOS-N/S
IMACS
SINFONI

Spaxel
00

0.43
0.3300
0.200
0.200
0.200
0.100

FoV
00

00

6.4 × 6.4
1300 × 1300
6000 × 6000
500 × 7.500
500 × 7.500
300 × 300

λ range

R

330–930 nm
480–1000 nm
480–930 nm
400–680 nm
400–900 nm
1.95–2.45 µ

∼1000
∼1000
∼2500
∼1700
∼1700
∼4000

Note: SNIFS, VIMOS, and MUSE spaxels are square-shaped; the indicated spaxel sizes are the sides of the squares. GMOS and
IMACS spaxels are hexagons; the indicated spaxel sizes are the diameters of the hexagon. SINFONI spaxels are rectangles with size
0.0500 × 0.100 .

– could be improved.
We further improve this study by adding MUSE observations. MUSE, a second-generation instrument at
VLT, is capable of taking ∼ 90000 spectra in one exposure with its wide IFU field of view of 10 × 10 . Using
this large field of view, the whole host galaxies of the SN
can also be observed with IFS, simultaneously with the
SN explosion sites. Besides its wide field of view, MUSE
also has a high spatial resolution of 0.200 /spaxel, thus enabling us to resolve individual stellar populations within
the galaxy with spatial resolution comparable to that of
the other smaller-format IFU spectrographs used in this
study. The parent stellar population of the SN will then
be compared to other stellar populations present in the
host galaxy. We will also map various parameters such
as the age and metallicity of stellar populations across
the SN host galaxy, in fine spatial detail. A separate
pilot study using MUSE data taken during the instrument Science Verification phase is currently underway
(Galbany et al., in preparation).
4. EXAMPLE RESULTS & ANALYSIS
The raw data collected from the IFS observations were
recorded by the detector in the form of arrays of twodimensional spectra. Subsequent reduction, extraction,
and remapping steps were then performed using the
available software for each of the respective instruments,
in order to obtain a final product in the form of datacubes. These so-called IFS datacubes consist of information in both spatial (x,y) and spectral (λ) dimensions. In the datacube, every spectrum corresponding
to a spatial pixel (spaxel) of the integral field unit was
remapped onto the instrument field of view to reconstruct the object appearance at the focal plane. Therefore it is possible to reproduce the image of the object in
any wavelength bin along the λ axis of the datacube, or
extract the spectrum from any position within the field
of view.
Figure 2 shows an example of an image produced from
a datacube. The image was generated by collapsing the
datacube in the wavelength direction, and thus represents an integrated-light image within the instrument’s
spectral response. Figure 2 also illustrates how the AOassisted SINFONI observations improve the spatial resolution of the target. The stellar population associated
with the SN (located within the SN position error circle)

Figure 2. (Left) Integrated-light optical view of an SN site,
taken with SNIFS, with the SN position indicated inside the
200 -radius yellow error circle. The image spans 220 pc in projected linear size along its sides (15 pc/spaxel scale). (Right)
The same image superposed with K-band image generated
from SINFONI observation. The scale for the K-band image is 3.4 pc/spaxel in vertical direction, and 1.7 pc/spaxel
in horizontal direction.

is now resolved into four individual sources. With this
kind of data, it is possible to examine the age of the individual stellar populations and derive the star formation
history of the SN explosion sites.
Each of the spaxels on the IFU image yields a spectrum, as shown in Figure 3. As typical with young,
star-forming regions, the spectra extracted from a SN
explosion site usually show strong emission lines originating from ionized gas being excited by young, hot,
massive stars. The metallicity is derived by employing
the strong line method to the spectrum. Strong emission lines in the spectra such as Hα, [N II]λ6584, Hβ,
and [O III]λ5007 are measured and used for calculating
the N2 and O3N2 indices (Pettini & Pagel, 2004), which
are used to estimate the metallicity. The age of the stellar population is estimated from the equivalent width of
the Hα emission line, and in several cases of Ca-triplet
absorption lines around λ8600. For the K-band infrared
data, the age is derived from the equivalent widths of
Brγ emission and CO 2.3µm absorption. These spectral age indicators are compared with tjhe simple stellar
population (SSP) model Starburst99 (Leitherer et al.,
1999) to derive the stellar population age. With this
method, the age and metallicity of the once coeval SN
progenitors are derived from their parent stellar populations. As the lifetime of a star is governed mainly by
its initial mass, the derived age can be converted into
initial mass by comparing to stellar evolution models.
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Figure 3. An example of spectra around the Hα region extracted from one spaxel of (from top to bottom) SNIFS, MUSE,
and VIMOS datacubes, in arbitrary flux values. Spectra are not background-subtracted; the strong [O I]λ6300 emissions are
night sky emission lines.

5. SUMMARY
We briefly describe a survey of nearby SN sites using
integral field spectroscopy techniques, in order to constrain the physical properties of the SN progenitors, such
as initial mass and metallicity. This work is an extension
of the study presented in Kuncarayakti et al. (2013a,b).
Sample selection, a part of the data collection and example results are presented. With this large collection
of IFS data we aim to perform statistical analysis of the
SN environment and progenitors, to provide better constraints and improve our understanding of different SN
types and progenitor populations (Kuncarayakti et al.,
in preparation).
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