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why do we study SN 
hosts/environments?



SN progenitors - what do we know?

II-P:  8-16 M☉, RSG, some YSG?

II-L: YSG, RSG

IIn: very diverse class, some very massive? some LBVs
⇒ impostors: some RSGs, some LBVs?

Ib/IIb: binaries? (all??)

Ic: lacking detection, some low mass limits
binaries? WR stars?

new classes: Ca-rich, Iax etc. ??

GRBs & SLSNe too distant and in small galaxies
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Can the environment give us hints? What do we do with binaries?



First hints to differences in 
SN hosts

SNe II only in SF galaxies

SN II + Ibc associated to SF regions while Ia are not (van Dyk 92, 
Kennicutt 84 etc.)

Ibc more centrally located than II?
metallicity gradient?? 
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TABLE 2
SNe and Host Galaxies (Papers I, II) Now Excluded from

the Sample

SN Galaxy SN Type Yerkes Type DDO Type Redshift

1998dl . . . . . . N1084 II f Sc II: 1406
1998ey . . . . . . N7080 Ic-pec fg S(B)bc I 4839
2000ce . . . . . . U4195 Ia fg SBb II 4888
2000cr . . . . . . N5395 Ic fg: Sbt I? 3491
2001bg . . . . . . N2608 Ia fg Sc II: 2135
2001dp . . . . . . N3953 Ia g S(B)bc I 1052
2001dr . . . . . . N4932 II fg S(B?)c II 7088
2001eg . . . . . . U3885 Ia g: Sbc III: 3809
2002bp . . . . . . U6332 Unknown gk Sa: 6227
2002cv . . . . . . N3190 Ia g Sab t 1271
2002ed . . . . . . N5468 II f Sc I-II 2845
2002jo . . . . . . N5708 Ia fg: S pec 2751
2002cy . . . . . . N1762 Unknown g Sab: 4753
2003C . . . . . . . U439 II g Sa pec 5302
2003U . . . . . . . N6365 Ia g Sbn: 8496
2003X . . . . . . . U11151 Ia fg S0: 7017

TABLE 3
Host-Galaxy Classification and SN Type

Galaxy Typea Ia Ia(T)b Ia(bg)c Ibcd II IIb IIn

E . . . . . . . . . . . . 31.83g 1 17 1 3 0 1
E/Sa . . . . . . . . . 10.5 1 3 1 0 0 0
Sa . . . . . . . . . . . 20 0 6.5 4 20 0 3
Sab . . . . . . . . . . 12 3 1 7 15 1 1
Sb . . . . . . . . . . . 49 2 3 15 52 2 6
Sbc . . . . . . . . . . 11.5 4 1 19 25 3 4
Sc . . . . . . . . . . . 31 1 0 21.5 56 3 9
Sc/Irr . . . . . . . . 0 0 0 0 1 0 1
Irr . . . . . . . . . . . 4.5 0 0 0 2.5 0 0.5
Total . . . . . . . . 170.33 12 31.5 68.5 174.5 9 25.5

Note.—All host galaxies of SNe discovered during LOSS/LOTOSS; i.e.,
the sum of the data from the present paper and those from Papers I and II.
Half-integer values refer to intermediate morphologies (e.g., E/Sb is counted
as 0.5 E and 0.5 Sb).

a Includes S(B) and SB.
b SN 1991T–like SN Ia
c SN 1991bg–like SN Ia.
d Here the “Ibc” designation includes SNe Ib, Ic, and Ib/c.
e The fractional number 0.83 comes from 0.50 ! 0.33, due to SN 2002bt

which occurred in a triple-galaxy system; see text for details.

Fig. 1.—Normalized (total p 100) frequency distribution of SNe Ia and
SNe II vs. host-galaxy Hubble types.

host-galaxy Hubble type and by supernova type. Galaxies that
could not be confidently assigned to a Hubble type are excluded.
Also, the 16 galaxies listed in Table 2 have been removed from
the statistics. In doing the statistics that are discussed below,
galaxies of intermediate morphology such as Sc/Irr were counted
as 0.5 Sc and 0.5 Irr. By the same token, one supernova (SN
2002bt) that occurred in UGC 8584, a triple-galaxy system
with DDO type “St!E!S,” was counted as 0.33 E, 0.33 St,
and 0.33 S. The new data show patterns that are broadly similar
to those previously found in Papers I and II.

A Kolmogorov-Smirnov (K-S) test shows no significant dif-
ference between the distributions of the small numbers of SNe
IIb and SNe IIn over Hubble type. Similarly, no significant dif-
ference is found between the distribution over Hubble types of
normal SNe II and of the combined data for SNe IIb and SNe
IIn. In the subsequent discussion, the data on all 209 SNe II
have therefore been combined.

A comparison between the distributions over Hubble types
of normal SNe Ia and of SNe II is shown in Figure 1. Normal
SNe Ia are common among early-type (E–E/Sa) galaxies,
whereas all types of SNe II are rare in such early-type galaxies.
A K-S test shows that there is only a 0.01% probability that
the SNe Ia and SNe II in our sample were drawn from the
same parent population of morphological types.

In Paper II we discussed five SNe Ibc and SN II that unex-
pectedly occurred in early-type galaxies. Two additional objects
of this type occur in the new data contained in Table 1: SN
2004V, whose host galaxy we assign type E:0, and SN 2004X,
which occurred in a host that was assigned to type E3. The host
galaxy of SN 2004V is small (0!.3 # 0!.2), and our classification
based on the low-resolution images is quite uncertain. Clearly
it would be important to use images obtained with larger tele-
scopes (or with HST) to search for a subpopulation of massive
young stars in these two host galaxies, which appear to be of
very early type. Another approach is to measure the integrated

colors for all the early-type galaxies in our sample and search for
possible differences between the galaxies with recorded core-col-
lapse SNe and all the others. This is beyond the scope of the
current paper. However, here we give two examples for which we
have some relevant information. From de Vaucouleurs et al.
(1991), we find that NGC 3720, an “E1” galaxy that is the host
of the Type II SN 2002at, has quite blue colors of B " V p
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late type galaxies meeting our observing criteria which 
have yet to be mapped in Ha and which were parents to 
known SNe Ib/c is small. 

One interesting aspect of the proportions of SNe Ib/c 

Fig. 1. (a) Distribution of the cumulative proportions of SNe la 
in our sample with R^x, where x=l, 2, and 3 and 
R = A/rmax, with A being the angular separation between a SN 
and the H II region nearest to it and rmax being the maximum 
angular radius of the H II region measured in the direction of the 
SN. The statistical errors in these proportions are shown as error 
bars. Also shown as the hatched band across the figure is the 
range in the probability of chance superposition, (b) Same as in 
(a), but for the SNe Ib/c. (c) Same as in (a), but for the SNe 
II. One can see that the proportions of SNe Ib/c and SNe II 
associated with H II regions are substantially larger than the 
proportion of SNe la. The proportions of SNe Ib/c and SNe II 
may not be significantly different from each other, but interpre- 
tation of this result may be hampered by the effects of small- 
number statistics for the SNe Ib/c. 

and SNe II is that not all of these SNe were found associ- 
ated with detected H II regions, even out to three H II 
region radii. The possible implications of this result are 
discussed below. 

We can discount that any differences which may exist 
between the three sets of proportions arise from distance 
effects. Although both rmax and A depend on parent galaxy 
distance, such that at large distances small, faint H II re- 
gions become more difficult to detect and small separations 
between SNe and H II regions become more difficult to 
measure, the ratio R is distance independent. Furthermore, 
the distributions as a function of systemic velocity for par- 
ent galaxies of all three SNe types are very similar and 
cover the same range of velocities. As mentioned above, 
galaxies with relatively low inclination were favored over 
those with high inclination, and the ranges in inclination 
were roughly the same for parent galaxies of SNe of each 
type, so differences between the three sets of proportions 
due to galactic inclination is minimal. 

3.2 Probability of Chance Superposition 

In order to determine whether the apparent SN-H II 
region associations found in Sec. 3.1 are likely to be phys- 
ically real, we must estimate what the probability is that 
these associations for SNe of a given type would be ex- 
pected by chance. The probability of chance superposition 
of SNe onto H II regions can simply be estimated as the 
fractional area of the parent galactic disks covered by de- 
tected H II regions, with the area of the galactic disks de- 
fined using continuum (usually B) images of the galaxies. 
For 20 galaxies with low inclination and with disks com- 
pletely imaged on the CCDs, the average fractional area, 
and therefore the probability of chance superposition, is 
~0.19. However, we must account for the fact that neither 
the SNe nor the H II regions are randomly distributed 
across the galaxies. When the distributions of SNe are di- 
rectly compared with the distributions of H II regions for 
these galaxies, we estimate that the probability of chance 
superposition ranges from 0.03 to 0.34 for SNe la, from 
~0 to 0.39 for SNe Ib/c, and from 0.09 to 0.29 for SNe II. 

Comparing the ranges in these probabilities to the pro- 
portions of SNe apparently associated with H n regions 
given in Table 7 and shown in Fig. 1, we see that the 
proportion of SNe la with Ä< 1 is not significantly different 
from what would be expected by chance (even within the 
statistical errors, the proportion of SNe la with Æ<2 does 
not exceed the probability of chance superposition), lead- 
ing us to infer that these associations are not real and that 
the small proportion of SNe la found to be apparently 
associated with H n regions just represents chance super- 
positions of SNe onto those regions. 

For the SNe Ib/c, although the proportion of SNe with 
R<1 exceeds the range in the probability of chance super- 
position, if we consider the statistical errors, we cannot be 
entirely certain whether this proportion significantly ex- 
ceeds what would be expected by chance. This lack of 
certainty is undoubtedly due to the effects of small-number 
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Photometry (broad-/narrow-band):
trace UV light, SED of host/site
high spatial resolution & S/N but limited information

Long-slit spectroscopy: 
1D resolution only, only site + anything inside the slit

IFU spectroscopy:
high spatial resolution
probe entire galaxy & explosion site
still poor resolution for „higher“ z

Narrow-band tuneable filters:
high spatial resolution, high S/N
have to know before what you want

Techniques
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Fig. 1.— An image of the host galaxy, NGC 3278, and SN 2009bb was obtained with the SWOPE telescope at Las Campanas Observatory
shortly after explosion (see Pignata et al. 2009 for details). Our MagE spectrum was obtained with a 10” x 1” slit centered on the SN at
a position angle of 28 degrees.

TABLE 1
SN2009bb Host Environment ISM Properties

Measured Emission Line Fluxesa Derived ISM Properties
[OII] H! H" H# [OIII] [OIII] H$ [NII] E(B ! V )b log(O/H) + 12 Age SFR
3727Å 4959Å 5007Å 6584Å (mag) ([NII]/[OII]) (Myr) (M! yr"1)

3.73 0.88 1.27 2.65 0.39 1.26 12.3 4.09 0.48 8.96 ± 0.1 4.5 ± 0.5 0.003

a Uncorrected fluxes in units of 10!16 ergs cm2 s!1 Å!1.
b Total color excess in the direction of the galaxy, used to correct for the e!ects of both Galactic and intrinsic extinction.
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What can we learn from the 
environment?

Modeling of massive stars: main ingredients 
are mass, rotation and metallicity
⇒ binaries change the story

Correlation with blue regions 
⇒ trace star-formation

Age of surrounding stellar population
(Ha EW, color-color diagram etc.)
⇒ progenitor mass

Metallicity: many methods mostly using 
emission lines

SFH modeling ⇒ population age ⇒ mass, 
single starburst? several?

kinematics, large scale surroundings
⇒ possible SF triggers

4 Kuncarayakti et al.

were used due to object proximity to the edge of the
field of view. Sky in SNIFS data was estimated using an
annular aperture around the object and subtracted out.
Usually the annulus is larger than the field width thus
e!ectively only a part of it was being used to measure the
sky. GMOS is equipped by another IFU dedicated for si-
multaneous sky observation during the science exposures,
and subtraction was done in the reduction process.
The positions of the objects in each SNIFS wave-

length slice were traced, thus compensating the di!er-
ential atmospheric refraction e!ect (DAR; Filippenko
1982). This demonstrates the advantage of using inte-
gral field spectroscopy (IFS) compared to conventional
slit spectroscopy which is strongly a!ected by DAR, and
with IFS the e!ects of DAR could be corrected a pos-
teriori as has been shown by Arribas et al. (1999). The
GMOS dataset was corrected for DAR in the datacube
stage by shifting each wavelength slices, and aperture
photometry of individual slices was done with fixed aper-
ture position for each object.
The final resulting spectra were then analysed using

IRAF/splot. Nebular emission lines were measured by
fitting a Gaussian profile. To measure metallicity, only
the nebular emission lines are needed thus the stellar con-
tinuum was removed prior to line measurement by fitting
a polynomial function. Before measuring line equiva-
lent width, the continuum was normalized also by fit-
ting with a polynomial. Metallicity in terms of oxygen
abundance was derived using the O3N2 and N2 calibra-
tions by Pettini & Pagel (2004, hereafter PP04). This
method of metallicity determination uses intensity ratios
of lines closely spaced in wavelength, therefore not sen-
sitive against errors introduced by reddening and flux
calibration.
Following PP04, we adopt 12 + log (O/H) = 8.66 as

the value of the solar oxygen abundance (Asplund et al.
2004). In all of the observed fields H! and [NII]"6583
were detected thus enabling N2 determination, while the
H# and [OIII]"5007 detection required for O3N2 is less
frequent. In cases where both O3N2 and N2 were de-
tected we adopt the mean value as the metallicity, other-
wise the N2 value is adopted. The errors quoted in metal-
licity in Z! unit are the bounds for the highest and lowest
values of 12+log(O/H) determined from O3N2 and N2.
In cases where only N2 is available, we assign the error of
12+log(O/H) as ±0.18 dex, which is the 1$ uncertainty
in the PP04’s N2 calibration determination. These were
then converted into Z! metallicities to give the highest
and lowest value bounds of metallicity.
Ages of the stellar populations were determined by

comparing the observed H! equivalent width (EW)
with the theoretical values provided by simple stel-
lar population (SSP) model Starburst99 (Leitherer et al.
1999) for each appropriate metallicity. We assume an
instantaneous-burst stellar population with continuous,
standard Salpeter IMF (! = 2.35). The evolution of
H!EW with SSP age is presented in Figure 1. H!EW
of a stellar population with continuous star formation is
also shown for comparison. The evolution of H! is sen-
sitive to the star formation history, while IMF variations
give less important e!ect especially at SSP age older than
! 4 Myr. The error of H!EW were estimated from the
signal-to-noise ratio of the spectral continuum around
H!. We expect the e!ect of dust absorption in H!EW

Figure 1. Time evolution of H! equivalent width, Starburst99
SSP. Single-burst model is represented with black line color and
continuous star formation with purple; both use standard Salpeter
IMF with ! = 2.35, Mup = 100 M!. Dotted lines represent single-
burst solar-metallicity models with di!erent IMFs: red is for ! =
3.30, Mup = 100 M!, orange is for ! = 2.35, Mup = 30 M!. The
lifetimes of single stars of di!erent initial masses at solar metallicity
according to Padova models are indicated with vertical grey lines.

determination to be minimal due to the very small wave-
length range used for EWmeasurement. The SSP age de-
termined from H!EW is adopted as the lifetime of the co-
eval progenitor star, and comparison with Padova stellar
evolution models gives the estimated initial mass of a star
with such lifetime. We used models from Bressan et al.
(1993) for solar metallicity (Z = 0.02), and Fagotto et al.
(1994) for 0.4 solar metallicity (Z = 0.008). We defined
observed oxygen abundance of 0.7 (O/H)!, correspond-
ing to 12+log(O/H) = 8.50, as the dividing line between
using the solar-metallicity model or the subsolar one to
determine stellar initial mass. These models extend from
the zero-age main sequence (ZAMS) to the onset of cen-
tral carbon burning. This is considered representative of
the stellar lifetime since the time elapsed from carbon
burning to SN is only about a few hundred years, neg-
ligible compared to the ! 106 " 107 year lifetime of the
star.
We compare Starburst99 model of H!EW against

GALEV (Anders & Fritze-v. Alvensleben 2003;
Kotulla et al. 2009), to check for consistency and
possible systematic e!ects. Both SSP models consider
the contribution of stellar and nebular continuum to
the output light, but GALEV includes nebular line
emissions. As for the H!EW value as a function of SSP
age, Starburst99 provides the tabulation of the values
while GALEV does not. Therefore, individual spectra
of GALEV SSP models of di!erent ages were extracted
and then H! equivalent widths were measured using
IRAF/splot with the same procedure as the one applied
to observational data. The result comparing the two
di!erent SSP models is presented in Figure 2. For both
Starburst99 and GALEV we assume an instantaneous
burst of a stellar population with Salpeter IMF at solar
metallicity, using Geneva stellar library. From the plot it
is evident that H!EW may di!er by a factor two or more
between the two models. We attribute this di!erence
partly because of the resolution di!erence of the model
SED. GALEV SEDs have resolution of 20 Å at H!,
thus the neighboring nitrogen lines ([NII]""6548,6583)
were not resolved thus contaminated the H! in the EW
measurement. However, this EW di!erence translates



Be careful with what you probe!

Low resolution/high redshift whipes out local differences
metallicity gradients can invert!

especially tricky if resolution >> size SF region

Easy to draw the wrong conclusions on the progenitor star
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Fig. 19. Cumulative distributions of the di!erence between the local and global properties. The contribution of young SPs (left), H! equivalent
width (middle), and the mean light-weighted logarithm of the stellar population age (right).

cosmological SN Ia analyses for SNe in hosts with masses lower
or higher than 1010 M!. The cause of this apparent correlation
is unclear. Metallicity, SFR, SPs age, and other galaxy param-
eters are known to correlate with the galaxy mass. For exam-
ple, our analysis of the low-mass galaxy group and the mas-
sive SN Ia hosts showed that the low-mass galaxies formed
most of their stars later than the massive ones and so contain
more younger SPs. On one hand, the parameters that are can-
didates to drive the correlation can also a!ect the properties of
the WD population that gives rise to SNe Ia. On the other hand,
many theoretical investigations have shown that the properties
of the exploding WDs can a!ect the amount of 56Ni that is syn-
thesized in the explosion and hence the SN luminosity (see, e.g.,
Timmes et al. 2003; Röpke et al. 2006; Howell et al. 2009; Bravo
et al. 2010, and references therein).

From our IFS data we see that all these parameters are
nonuniformly distributed in the galaxies, most often showing ra-
dial gradients (see, e.g. S12). This poses the question whether us-
ing the local values of these parameters measured at the SN po-
sition instead of the total values can additionally improve this.
While the spatially resolved IFU spectroscopy is best suited
for testing this, we are still not in a position to do so. One of
the problems is that we have IFU observations only of massive
SN Ia hosts that span a limited mass range. On the other hand,
only a few of the SNe observed in these galaxies have published
light curves that are good enough to derive the SN peak mag-
nitudes. With the sample at hand we can test how di!erent the
local and total quantities are. In the future, if a correlation with
the local properties is found, we can asses the errors we will
make when the global values are used instead. This may be rel-
evant, for example, for SNe at high-redshft, for which only the
total galaxy spectrum can be measured.

Figure 19 shows the CDFs of the di!erence between the lo-
cal and total values of several galaxy parameters that may be
of interest (only for the SF hosts of SNe Ia). These parameters
are sensitive to the presence of young stellar SPs – xY, mean
log(age), and H! EW – indicate that the CC SNe in our sample
explode in regions with more young stars than the galaxy mean.
This di!erence supports the idea that the total value cannot be
used as a proxy for the local value (Modjaz et al. 2008). On the
other hand, the mean di!erence between the local and total val-
ues for SNe Ia is much closer to zero: 1 ± 12 Å, "4 ± 18%, and
"0.14±0.42 dex for H! EW, xY, and log(age), respectively. This
means that SNe Ia do not tend to explode in regions with some
characteristic SPs, but are instead randomly distributed round the
value inferred from the total galaxy spectrum (although the dis-
tributions are slightly skewed). Thus, the value derived from the

total spectrum can be used to obtain an estimate, albeit not very
accurate in some cases, for the range of values to expect at the
SN position. The uncertainty is given by the standard deviation
of the distributions shown in Fig. 19. The di!erence between
log("SFR) and log(total SFR) for SN Ia, Ib/c, and II are "2.5,
"2.0, and "2.2 dex, respectively, all with 1" scatter #0.75 dex.

6. Conclusions

We analysized IFU spectroscopy of 81 galaxies that hosted
42 SNe Ia, 20 SNe Ib/c, and 33 SNe II (95 in total). In this first
study of a series we focused on the galaxy properties that are
related to the star formation and the galaxy star formation histo-
ries. The observations were obtained from the CALIFA Survey
and some other projects using the same instrument. The spatially
resolved spectroscopy technique provides much more detailed
information about the galaxy properties than integrated spec-
troscopy or multicolor broad-band imaging because it allows
us to obtain 2D maps of many important galaxy characteristics,
both for the ionized gas and the stellar populations. In particular,
it is possible to accurately obtain the galaxy properties at the pro-
jected locations of the SN explosion and compare them with the
overall distribution of these properties in the galaxy. The data
analysis followed the recipe of S12, and our main findings are
summarized below.

By studying various indicators of the ongoing and recent star
formation in the galaxies related to the ionized gas and the stel-
lar populations, we confirmed the previously known fact that
SN Ib/c are the SN type most closely related to SF regions, fol-
lowed by SN II and finally SNe Ia.

The star formation density at the SN locations forms a se-
quence that reaches from most intense for SN Ib/c to weakest for
SNe Ia, although the di!erences are only significant at a level
of 1"2". At the same time, considering only the SF hosts of
SNe Ia, we found that the total ongoing star formation inferred
from H! emission line luminosity is on average the same for the
hosts of the three SN types.

From the g " r vs. Mr diagram we found that >80% of the
SN Ia hosts are red galaxies, while the hosts of the CC SNe are
equally split between red and blue galaxies.

On average, the masses of the SN Ia hosts are higher by
#0.3"0.4 dex than the masses of the CC SN sample. The SFHs
recovered by the full-spectrum fitting with the code STARLIGHT
showed that the di!erence is almost entirely due to the larger
fraction of old stellar populations in the SN Ia hosts, even when
only the SF SN Ia hosts are considered.
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SN distribution
Accumulation of same SN type in same host 
(Anderson 12)

⇒ SF bursts rather than continuous SF

Ic most associated to H!
⇒ youngest = most massive stars?

WR stars and Ibc have similar locations (Leloudas 
et al. 10)

More Ic in central location of disturbed hosts 
(Habergham 12)

⇒ SF trigger??

SNe Ibc at the outer edge of spiral arms in GD 
spirals  ⇒ shock triggered SF?

CC SN environments 7
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Figure 2. Cumulative pixel statistics plot of all the main SN types. SNIa (98 events) are shown in green, SNII (163.5) in black, SNIb (39.5) in red, the SNIc
(52) in blue and the overall SNIbc (96.5) population in magenta. The black diagonal line illustrates a hypothetical, infinite in size distribution that accurately
follows the on-going SF. As a distribution moves away to the top left-hand corner from this diagonal it is displaying a lower degree of association to the
emission. Hence, a clear sequence is displayed, from the SNIa through the SNII, the SNIb and to the SNIc in terms of increasing association to the H! line
emission.

distribution is shown by the diagonal black line in Fig. 2. The
results of these tests are now listed, where a percentage is given
for the likelihood that two populations are drawn from the same
underlying distribution. If this percentage is higher than 10% then
we conclude that there is no statistically-significant difference
between the distributions10.

10 The KS test takes two parameters to calculate this probability; the ‘dis-
tance’ between the two distributions (basically the largest difference in the
y-scale between the distributions as shown in Fig. 2), and the number of
events within each distribution. Hence with small samples it is hard to probe
differences between distributions. Some of the SN sub-types analysed in
this work are dominated by this restriction.

Ia-II: !0.1%
II-Ib: >10%
Ib-Ic: !5%
II-Ibc!0.5%
Probability of being consistent with a flat distribution
II-flat: <0.1%
Ib-flat: <0.1%
Ic-flat: >10%
Ibc-flat: !0.5%
We find that SNIa show the lowest degree of association to host
galaxy SF of all SN types, as expected if these SNe arise from WD
progenitor stars, i.e. an evolved stellar population. Following the
SNIa we find a sequence of increasing association to the on-going
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Fig. 3. Left panel: the distribution of WN and WC stars in M 83, a galaxy with properties typical of the K08 SN Ib/c sample, with respect to their
location on their host light, plotted with the distributions of LGRBs and SNe II, Ib, and Ic (F06, K08). Right panel: this colour map indicates
at what significance level we can exclude that a SN or LGRB explosion is associated to a certain (sub)type of a progenitor WR star. Red shows
p-values <0.3%, orange 0.3 < p < 4.6%, yellow 4.6 < p < 31.7%, and green p > 31.7% (Table 3). The comparison has been done after the
removal of the bulge, because no detailed information about the nuclear WR population exists and a bulge can be visually identified and removed
(K08). The WC distribution is more skewed towards brighter pixels than the WN distribution. It is more probable that WC stars are drawn from
the same population as SNe Ic than SNe Ib (or any other type of SN), and it is more probable that WN stars are associated to SNe Ib than with
SNe Ic (or any other type of SN). This is consistent with theoretical predictions (Crowther 2007; Georgy et al. 2009).

consistent with SNe Ib, while a relation to SNe Ic can be ex-
cluded this time at high significance. On the other hand, their
association to SNe II cannot be excluded any more, but instead
shows a high probability. Again, di!erences are seen between
the WNE and WNL distributions.
• WC stars, on the other hand, show significant association

probabilities with SNe Ic and even LGRBs. We recall here that
the WC population at the metallicity of NGC 1313 consists en-
tirely of WCE stars.

Again, we checked on how the total WR content in the range
discussed by Hadfield & Crowther (2007) a!ects the distribu-
tions and we did not find any qualitative di!erence with the re-
sults above. In the case of NGC 1313, the numbers of WR stars
per region are considerably lower than in M 83. If region #64
contains 6 rather than 3 WC stars, as suspected by Hadfield &
Crowther (2007), the WC distribution is pushed even closer to
the SNe Ic and further from the SNe II (which turn red).

5. Discussion

From the results presented in the previous section, a qualita-
tive pattern seems to emerge: WC stars are on average found
in brighter pixels than WN stars. As a consequence, WC stars
show higher probabilities of association with SNe Ic. On the
other hand, WN stars are most consistent with the locations of
SN Ib explosions. This is the main result presented in this pa-
per and is in broad agreement with the theoretical expectations,
i.e., that SNe Ic result from progenitors that have been stripped
of a larger part of their outer envelope (Crowther 2007). Also
from a statistical point of view the WN and WC distributions
are almost (geographically) incompatible (at significance >3!
for M 83, while p = 5.9% for NGC 1313), which highlights the
need to consider these two subtypes separately when discussing
SN progenitors, despite their strong physical connection. Other
studies, however, caution that there is no strict one-to-one cor-
relation between progenitor and supernova type, but that leaks

might exist, e.g., less massive WC stars exploding as SNe Ib
(Georgy et al. 2009).

Concerning LGRBs, they are not inconsistent with being
drawn from the WR population, although typically at lower
significance than SNe Ic. This is not a surprise since not all
SNe Ic produce LGRBs (e.g. Soderberg et al. 2006). It is, how-
ever, tempting to point out that the highest p-value obtained for
LGRBs (yellow) is the one for WC stars at low metallicity, in
agreement with the proposed low-metallicity requirement (Yoon
& Langer 2005; Woosley & Heger 2006).

Besides the general trend that is common for the two galax-
ies, di!erences do exist between the individual WN and WC
fractional flux distributions. The di!erence is more pronounced
in the case of the WN distributions that are almost mutually in-
consistent (p = 0.6%). The WN distribution in NGC 1313 tracks
the host galaxy light better and is more consistent with SNe II.
To some degree, this di!erence can be attributed to the important
metallicity di!erence between the two galaxies: Georgy et al.
(2009) predict that at low metallicity (similar to NGC 1313) the
highest fraction of WN stars are actually expected to explode as
SNe II and not SNe Ib. Due to lower mass-loss, the less massive
stars are still expected to leave enough hydrogen to be detectable
in the explosion spectra.

Other di!erences, however, especially at the subtype level,
are more di"cult to explain. The most striking is related to the
WNL populations of the two galaxies. In M 83 they are found on
the brightest pixels, while in NGC 1313 they lie on the faintest
ones. Indeed, the two WNL distributions are inconsistent with
each other, at a significance >3!. The reason for this is un-
clear, but it should be mentioned that WNL stars are not al-
ways stripped-envelope massive stars. In many cases, they are
very luminous H-rich WN stars that are still burning H in their
core. They are therefore in a phase preceding the LBV phase
and not direct progenitors of SNe Ib/c (Crowther 2007; Smith &
Conti 2008). According to Crowther (2007), a possible way to
distinguish between H-rich WNL stars and stripped WNL stars
is that the former usually lie in young massive clusters. One
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The big metallicity question

SLSNe < GRB < BL-Ic < II < Ib < Ic ??

lots of debate (see Anderson 2010 vs. 
Modjaz 2011 vs. Leloudas 2011)

Untargetted vs. targetted surveys: SN 
from targetted survey „have“ higher Z
⇒ purely issue of resolution?? what do 
     we actually probe?
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Fig. 2. Metallicities (N2) at the locations of stripped-envelope CC
SNe versus their host galaxy absolute magnitudes. SNe Ib are marked
with blue circles (squares for the 3 SNe of Thöne et al. 2009), SNe Ic
in red and SNe Ib/c (intermediate or uncertain type) in black. Grey stars
are for GRB-SNe and gray circles for SNe Ic-BL (Modjaz et al. 2008).
The displayed error bars only include the measurement errors, while
all data points have an additional associated uncertainty of 0.18 dex,
related to the 1! dispersion in the N2 index calibration (shown as the
black error-bar in the panel to the right). In addition, this panel shows
a comparison with the corresponding mean values from Anderson et al.
(2010) and Modjaz et al. (2011). Our mean values are marked with
dashed-dotted lines.

from our initial sample were reclassified. We note here that these
errorbars (like those in the mean values quoted by Anderson
et al. 2010; and Modjaz et al. 2011) are underestimated because
they do not include the uncertainties in the individual metallicity
measurements (largely dominated by the systematic uncertain-
ties in the metallicity calibrators; see Sect. 4.1).

3.2. Age estimates

We derive two di!erent estimates for the stellar age at the
SN location, namely the luminosity-weighted mean stellar age
from the stellar absorption features and the age of the ioniz-
ing (youngest) stellar populations from the H" EW. We mea-
sure the stellar absorption features of the spectrum subtracted
by the Gaussian fits to the nebular emission lines. Estimates of
the luminosity-weighted mean age are derived by comparing the
observed absorption features with those predicted by a Bruzual
& Charlot (2003)-based model library spanning a comprehen-
sive range in random star formation histories and metallicities,
as described in Gallazzi et al. (2005). The constraints are set by
a combination of age-sensitive indices (H# and H$A+H%A) and
metal-sensitive indices ([MgFe]! and [Mg2Fe]) to help break the
age-metallicity degeneracy. For each object we derive the prob-
ability density function (PDF) of the luminosity-weighted age in
this way. We take the median of the PDF as the fiducial age es-
timate and the 16th and 84th percentiles as the 1! uncertainty
range. The results are summarized in Table 3.

One can immediately see that these ages range between
0.8"7 Gyr, i.e. old compared to the lifetimes of massive stars.
This is expected since the stellar absorption features probe the
mean age integrated over the whole star formation history in
the region. In our case, however, it is more relevant to examine
the age of the youngest, i.e. latest, star formation episode in this

region. The question we want to address is whether there are any
SN locations that, despite the large uncertainties, indicate a pop-
ulation that is older than what is allowed by the stellar evolution
models for single massive stars. Such an age estimator, which is
sensitive to the most recent star formation, is the H" EW (see e.g.
Leitherer et al. 1999; Zackrisson et al. 2001). Even so, the rela-
tion between H" EW and age strongly depends on the star forma-
tion history. Unfortunately, our question can only be addressed
under the assumption that the latest star formation episode was
instantaneous, because if star formation is continuing, massive
stars can be born at any time and give rise to CC SNe. This
means that a conclusive answer cannot be given, but we believe
that any contribution to the “single versus binary” channel dis-
cussion deserves e!ort.

The ages of the young stellar populations in the vicinity
of the SNe have been estimated by the measured H" EW and
by comparison with the predictions of Starburst99 (Leitherer
et al. 1999, see their Fig. 83) for instantaneous star formation.
Our metallicity estimates were used to choose the appropriate
table (Z = 0.008 and Z = 0.02 are relevant). We were conser-
vative by providing the widest range in ages that are compatible
with our measurements. For example, at an H" EW of #20 Å
at solar metallicity, the models are degenerate, and many ages
between 7"10 Myr provide a solution. We therefore provide a
range of possible ages (Table 3), rather than one single interpo-
lated age. Furthermore, this range is widened by the uncertainty
in our EW measurements and the di!erent possible IMFs exam-
ined by Leitherer et al. (1999). Indeed, we see that the ages com-
puted this way are much younger than the luminosity-weighted
mean stellar ages estimated from the absorption features and,
therefore, represent a lower limit to the age of the SN regions.
These lower limits have been plotted in Fig. 3. We note that
Levesque et al. (2010a) used a similar approach and estimated
the ages of the young stellar populations in GRB host galaxies
from the H# EW.

4. Discussion

4.1. Metallicities

Investigating the metallicities of the SN environments is im-
portant because within the single massive progenitor sce-
nario SNe Ic are expected to be found in more metal-rich en-
vironments than SNe Ib. This is due to the strong dependence of
stellar winds on metallicity (Vink & de Koter 2005), with stars
of the same initial mass su!ering more severe mass loss and en-
velope stripping at higher metallicities.

Our result is intermediate to those of Anderson et al. (2010),
who find equal metallicities for SN Ib and Ic environments, and
of Modjaz et al. (2011) who find SNe Ic to lie in more metal-
rich environments than SNe Ib. Modjaz et al. find a di!erence of
0.20 dex (in the O3N2 scale) and a high probability for rejecting
the null hypothesis that types Ib and Ic explode in similar metal-
licity environments, based on the Kolmogorov-Smirnov (KS)
test (p-value = 1%). In our sample we cannot detect such a
significant di!erence: a KS test provides very weak evidence
against such a hypothesis (p-value = 17.1%).

We note that the errors quoted until now (i.e. the stan-
dard error of the mean), as well as the ones of Anderson
et al. and of Modjaz et al., ignore the relatively large errors in
the individual metallicity estimates. When the individual error-
bars (here >#0.18 dex) exceed the sample standard deviation !
(here <0.15 dex), the standard error of the mean underestimates
the real uncertainty in the mean value. This is the case here
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Figure 7. IFU FoV and extracted cluster spectra for the SN 2007gr site. The continuum image of the GMOS FoV was made by collapsing
the datacube in wavelength direction, approximately covering the V -band. Figure annotations are the same as in Figure 3.

Figure 8. IFU FoV and extracted cluster spectra for the SN 2009em site. Figure annotations are the same as in Figure 3.

Table 2
Results for SN Ic sites

SN site Object O!set/”(pc)a (O3N2) (N2) 12+log(O/H) Z/Z! H!EW/Å Age/Myr M/M!

1964L SC* 2.6 (220) 8.83 8.57 8.70 1.09+0.39
"0.27 939.10 ± 84.52 3.28+0.04

"0.04 120"10
+1

1994I SC* 2.6 (110) – 8.58 8.58 0.83+0.43
"0.28 13.34± 1.87 11.0+0.25

"0.75 17.9"0.4
+0.8

2000ew SC-A 2.3 (220) 8.77 8.58 8.68 1.05+0.23
"0.22 68.18± 8.18 6.31+0.04

"0.04 29.5"0.2
+0.1

2000ew SC-B* 1.2 (110) 8.85 8.59 8.72 1.15+0.40
"0.30 221.10 ± 35.38 5.75+0.09

"0.09 33.9"0.8
+1.0

2004gt SC* 1.3 (140) 8.78 8.64 8.71 1.12+0.20
"0.17 209.60 ± 10.48 5.78+0.03

"0.03 33.7"0.3
+0.2

2007gr SC-A* 0.0 (0) 8.69 8.72 8.71 1.12+0.03
"0.05 15.57± 0.96 7.84+0.75

"0.25 24.4"2.5
+0.8

2007gr SC-B 1.4 (52) 8.96 8.63 8.80 1.35+0.64
"0.42 33.03± 3.30 6.66+0.06

"0.05 28.3"0.2
+0.1

2007gr SC-C 1.1 (41) 8.82 8.68 8.75 1.20+0.25
"0.20 59.62± 2.47 6.36+0.01

"0.02 29.3"0.1
+0.1

2007gr SC-D 1.6 (59) 8.99 8.58 8.79 1.35+0.79
"0.52 50.26± 5.03 6.42+0.06

"0.04 29.1"0.2
+0.1

2007gr SC-E 1.0 (37) 8.65 8.54 8.60 0.85"0.14
"0.09 27.95± 1.39 6.78+0.08

"0.05 27.9"0.3
+0.2

2009em SC-A* 1.1 (100) 8.57 8.51 8.54 0.76+0.05
"0.05 26.88± 2.69 6.84+0.30

"0.09 27.7"1.0
+0.4

2009em SC-B 1.0 (94) 8.85 8.78 8.82 1.45+0.10
"0.13 68.76± 5.09 6.31+0.02

"0.03 29.5"0.1
+0.1

a O!set between SN and approximate cluster center.
* SN parent cluster.

Gaskell et al. 1986; Weiler et al. 1986; Clocchiatti et al.
1996) and has been suggested to be the prototypical type
Ib SNe along with SN 1984L (Porter & Filippenko 1987).
Sramek et al. (1984) reported the first radio detection of
a type I SN of this SN 1983N. Clocchiatti et al. (1996)
reported that their astrometry of the SN position is ac-
curate to within ! 0.6”.
Using SNIFS we discovered that the explosion site of

the SN is quite complex, with three detected objects
within the IFU FoV. In the continuum a prominent clus-

ter was detected, but this cluster is overshadowed in H!
by two bright nearby HII regions (see Figure 9). We
extracted the spectra of SC-A cluster and the HII re-
gion north-east of it (SC-B), but failed to do so for the
HII region south-east of the cluster since it is situated at
the edge of the FoV. It is likely that this third cluster is
similar in age with SC-B considering its detectability in
H! and nondetection in continuum images. The cluster
SC-A was found to be 7.2 Myr old with 1.02 times solar
metallicity while the HII region SC-B has age of 2.6 Myr
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Figure 4. Host oxygen abundance measured from SDSS 3!! fiber spectrum with host radial offset most similar to that of SN explosion site. While Tremonti et al.
(2004) spectroscopic abundances are plotted, we also measure abundances using the Pettini & Pagel (2004) calibration. Even when we consider only SN discovered by
galaxy-impartial surveys, we find a statistically significant difference between the SN Ic-BL and the SN Ic host abundance distributions (p = 2.1%/2.1%, respectively,
for the T04/PP04 calibrations). When we consider only SN discovered by targeted surveys, we find a statistically significant difference between the SN IIb and the
SN Ib host abundance distributions for one of two abundance diagnostics (p = 13%/1.8%, respectively, for the T04/PP04 calibrations). Evidence for a difference
between the SN IIb and SN Ib host distributions strengthens when all SN discoveries are considered (8.5%/1.5%).
(A color version of this figure is available in the online journal.)

yields p = 2.4%. Here, we plot only the Drout et al. (2011)
Gold and Silver SN. There is a median AV " 1.2 mag extinction
through SN (Ib+Ic) host fiber apertures (E(B #V ) " 0.4 mag).

8. RELATIVE FREQUENCIES OF CORE-COLLAPSE SN
AS A FUNCTION OF METALLICITY

We plot the ratio of stripped-envelope SN (including SN IIb)
to SN II in our sample with increasing host galaxy oxygen abun-
dance in Figure 7. Vertical error bars show the Poisson uncer-
tainties, while horizontal bars indicate the range of metallicities
in each bin. The color points are calculated from successful
spectroscopic metallicity measurements, while the gray points
are estimated using stellar mass as a metallicity proxy, applying
the Tremonti et al. (2004) mass–metallicity relation.

AGN emission, present disproportionately in SN II host spec-
tra, is found primarily in high-mass, high-metallicity galaxies.
This selection effect misleadingly inflates the apparent ratio
SN (Ib+Ic)/SN II (color points) in the highest metallicity bin.
Indeed, the ratio at high metallicity calculated instead using
stellar masses as a proxy (which has no similar selection effect)

is significantly lower (gray points). Earlier efforts using SDSS
fiber spectra (i.e., Prieto et al. 2008), which also exclude AGN-
contaminated spectra, have not noted this strong selection effect
at high metallicity.

While we have attempted to identify and limit systematic
effects, we cannot fully know the selection biases (e.g., from
classification, detection) that may affect the measured ratios.
We compare the relative rates of SN types in our sample to
the model predictions for single, rotating progenitors (Georgy
et al. 2009); single, non-rotating progenitors (Eldridge et al.
2008); and binary progenitors (Eldridge et al. 2008). Plotted
(Georgy et al. 2009) predictions were made with the assumption
that a minimum helium envelope of 0.6 M$ separates the
progenitors of SN Ib and SN Ic. Because core collapse to a
black hole may not yield an SN explosion (e.g., Fryer et al.
1999), especially if high angular momentum does not support
an accretion disk (Woosley et al. 1993), Georgy et al. (2009)
calculated predictions where viable SN occur after core collapse
to (1) only neutron stars and (2) neutron stars and black holes.
These predictions adopted 2.7 M$ as the maximum mass of
neutron star (Shapiro & Teukolsky 1983) and use the Hirschi
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Progenitor mass - Age

Not all Ib/c consistent with massive 
single star progenitor

Is there a distinction in age/metallicity 
by SN type or not...?? Do we need more 
IFU data??

G. Leloudas et al.: The properties of SN Ib/c locations

Table 4. Measured line fluxes – not corrected for the e!ect of stellar absorption.

Galaxy H! [O !!!] "5008 H# [N !!] "6585
central local central local central local central local

2MASXJ21024677!0405233 . . . . . . . . . . . . 148.50 ± 4.30 22.68 ± 1.90 67.90 ± 3.70 11.63 ± 1.50
ESO 153!G17 . . . . . . . . . . . . 898.90 ± 15.00 43.37 ± 4.40 537.00 ± 16.00 19.13 ± 3.10
ESO 552!G40 . . . . . . . . . . . . . . . 36.75 ± 5.20 144.10 ± 17.00 12.27 ± 4.40
IC 4837A . . . 4.55 ± 1.90 . . . 9.26 ± 5.20 . . . 125.70 ± 2.20 445.70 ± 12.00 47.10 ± 2.10
J000109.19+010409.5 44.22 ± 7.70 . . . 39.81 ± 7.10 . . . 524.90 ± 12.00 34.39 ± 5.00 190.10 ± 9.30 4.90 ± 3.60
J001039.34!000310.4 . . . . . . . . . . . . 450.40 ± 12.00 94.81 ± 4.30 177.00 ± 8.90 35.34 ± 4.20
J002741.89+011356.6 . . . . . . . . . . . . 155.40 ± 10.00 85.59 ± 7.60 59.48 ± 7.80 22.08 ± 5.50
J012314.96!001948.8 26.34 ± 11.00 . . . 131.90 ± 12.00 20.21 ± 7.20 621.00 ± 16.00 27.49 ± 4.60 294.30 ± 12.00 15.14 ± 3.60
J023239.17+003700.1 56.45 ± 13.00 41.49 ± 11.00 89.82 ± 16.00 40.42 ± 12.00 960.10 ± 19.00 531.30 ± 13.00 422.30 ± 13.00 185.10 ± 8.70
J205121.43+002357.8 55.74 ± 3.90 55.74 ± 3.90 133.20 ± 5.30 133.20 ± 5.30 228.80 ± 6.80 228.80 ± 6.80 42.19 ± 4.00 42.19 ± 4.00
J205519.76+003234.4 95.43 ± 7.10 93.31 ± 2.40 44.62 ± 12.00 45.62 ± 2.80 1270.00 ± 15.00 477.20 ± 5.40 407.80 ± 11.00 162.30 ± 3.90
J213900.63!010138.6 19.05 ± 3.10 19.05 ± 3.10 82.52 ± 3.30 82.52 ± 3.30 78.23 ± 4.30 78.23 ± 4.30 4.96 ± 6.10 4.96 ± 6.10
J223529.00+002856.1 127.10 ± 3.30 127.10 ± 3.30 448.80 ± 3.10 448.80 ± 3.10 390.00 ± 4.80 390.00 ± 4.80 29.00 ± 3.00 29.00 ± 3.00
KUG 2302+073 . . . 35.03 ± 4.20 . . . 79.24 ± 3.80 . . . 162.80 ± 5.00 . . . 26.23 ± 3.30
MGC+03!43!5 . . . . . . 38.63 ± 7.80 . . . 432.70 ± 9.10 41.03 ± 2.70 148.00 ± 6.40 13.91 ± 2.40
NGC 1187 3557.00 ± 34.00 41.92 ± 3.40 450.20 ± 20.00 12.95 ± 2.90 25750.00 ± 30.00 172.60 ± 6.50 12200.00 ± 24.00 51.36 ± 3.60
NGC 214 . . . 75.65 ± 7.50 1066.00 ± 26.00 . . . 507.00 ± 43.00 436.00 ± 14.00 1528.00 ± 45.00 146.10 ± 8.80
NGC 4981 . . . 24.82 ± 5.50 . . . . . . 2827.00 ± 29.00 215.30 ± 7.50 1665.00 ± 23.00 88.03 ± 6.30
NGC 7364 . . . . . . . . . . . . 1155.00 ± 29.00 26.34 ± 3.20 718.20 ± 19.00 17.61 ± 3.20
NGC 7803 . . . 158.90 ± 4.00 . . . 36.65 ± 3.20 3450.00 ± 18.00 786.80 ± 5.90 2250.00 ± 17.00 365.30 ± 3.70

Notes. The fluxes are given in units of 10!17 erg s!1 cm!2 both for the galaxy central regions and for the local SN environments.
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Fig. 3. Ages of the youngest stellar populations at the SN locations, es-
timated through the measured H# EW and Starburst99 (Leitherer et al.
1999) (range denoted by solid line; see text). These set a lower limit
(dashed line) to the age of the SN birthplace. The SN environments
were ordered by ascending metallicity, and some key values are indi-
cated on the righthand axis, but this is only for illustration purposes as
this axis does not have any meaningful scale. The color coding is the
same as in Fig. 2: blue for SNe Ib, red for SNe Ic and black for inter-
mediate SNe Ib/c. The interloper type Ia SN 2007qw is in magenta. The
horizontal dashed line separates the galaxies into two metallicity groups
depending on whether a comparison with Z = 0.008 or Z = 0.02 models
is more appropriate. The vertical dashed lines denote the predictions of
the Geneva evolutionary codes for the lifetimes of single massive stars
of 25 M" at Z = 0.02 and 30 M" at Z = 0.008 (Meynet & Maeder
2003, 2005). The allowed ages for single progenitors of SNe Ib/c are
illustrated by the gray-shaded area.

because the individual metallicity errors are dominated by the
uncertainty in the N2 (or O3N2) calibration. In that case, an er-
ror propagation of the individual errors in the calculation of the
mean is more appropriate. The same results can be obtained

by a simple Monte Carlo (MC) simulation where the individual
metallicities are perturbed around their mean value (and within
the provided errors) and a metallicity mean is computed in each
realization. Such a calculation reveals that the true uncertain-
ties in the mean metallicities are 8.52 ± 0.05 for SNe Ib and
8.60 ± 0.08 for SNe Ic. In the rest of the paper all quoted er-
rors are computed with this method. In addition, by perform-
ing a KS test for each MC realization, we find that quoting
a single p-value is simplistic but that there is a distribution
of generated p-values with an associated confidence interval
(here 0.007 < p < 0.483 at the 68% confidence level). We there-
fore find no significant evidence that types Ib and Ic SNe ex-
plode in di!erent environments. We believe that taking this into
account would also lower the significance of the 0.20 dex di!er-
ence reported by Modjaz et al. (2011).

It is not obvious why the results from the three samples dif-
fer slightly, especially for the SN Ib environments. Unlike the
other studies, we have measured fluxes in spectra where the stel-
lar continuum has been subtracted (Sect. 3), but this is not what
causes the di!erence: if we use the original spectra (Table 4) we
obtain N2 = 8.54 ± 0.05 dex for SNe Ib and 8.61 ± 0.08 dex
for SNe Ic. The N2 metallicities are on average a little lower
in the stellar-continuum-subtracted spectra (as the corrected
H# emission is enhanced), but the o!set between types Ib and Ic
in our sample remains at the same level. We have compared our
results to those that can be obtained on SN spectra that were
available to us, a measurement of metallicity based on lines from
the host galaxy was possible (11 cases), and we have found very
good agreement. Overall good agreement was also obtained for
the nuclear metallicities of the five galaxies in our sample that
possess an SDSS spectrum. At the time this work was accepted
for publication, the version of Modjaz et al. (2011) did not pro-
vide individual line fluxes or metallicities, and it was thus not
possible to make direct comparisons for the five host galaxies
that are common to our samples4. Anderson et al. (2010) provide

4 This information is available in the final version of their paper. At this
stage, however, it was not possible to include a detailed comparison.
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Fig. 2. Metallicities (N2) at the locations of stripped-envelope CC
SNe versus their host galaxy absolute magnitudes. SNe Ib are marked
with blue circles (squares for the 3 SNe of Thöne et al. 2009), SNe Ic
in red and SNe Ib/c (intermediate or uncertain type) in black. Grey stars
are for GRB-SNe and gray circles for SNe Ic-BL (Modjaz et al. 2008).
The displayed error bars only include the measurement errors, while
all data points have an additional associated uncertainty of 0.18 dex,
related to the 1! dispersion in the N2 index calibration (shown as the
black error-bar in the panel to the right). In addition, this panel shows
a comparison with the corresponding mean values from Anderson et al.
(2010) and Modjaz et al. (2011). Our mean values are marked with
dashed-dotted lines.

from our initial sample were reclassified. We note here that these
errorbars (like those in the mean values quoted by Anderson
et al. 2010; and Modjaz et al. 2011) are underestimated because
they do not include the uncertainties in the individual metallicity
measurements (largely dominated by the systematic uncertain-
ties in the metallicity calibrators; see Sect. 4.1).

3.2. Age estimates

We derive two di!erent estimates for the stellar age at the
SN location, namely the luminosity-weighted mean stellar age
from the stellar absorption features and the age of the ioniz-
ing (youngest) stellar populations from the H" EW. We mea-
sure the stellar absorption features of the spectrum subtracted
by the Gaussian fits to the nebular emission lines. Estimates of
the luminosity-weighted mean age are derived by comparing the
observed absorption features with those predicted by a Bruzual
& Charlot (2003)-based model library spanning a comprehen-
sive range in random star formation histories and metallicities,
as described in Gallazzi et al. (2005). The constraints are set by
a combination of age-sensitive indices (H# and H$A+H%A) and
metal-sensitive indices ([MgFe]! and [Mg2Fe]) to help break the
age-metallicity degeneracy. For each object we derive the prob-
ability density function (PDF) of the luminosity-weighted age in
this way. We take the median of the PDF as the fiducial age es-
timate and the 16th and 84th percentiles as the 1! uncertainty
range. The results are summarized in Table 3.

One can immediately see that these ages range between
0.8"7 Gyr, i.e. old compared to the lifetimes of massive stars.
This is expected since the stellar absorption features probe the
mean age integrated over the whole star formation history in
the region. In our case, however, it is more relevant to examine
the age of the youngest, i.e. latest, star formation episode in this

region. The question we want to address is whether there are any
SN locations that, despite the large uncertainties, indicate a pop-
ulation that is older than what is allowed by the stellar evolution
models for single massive stars. Such an age estimator, which is
sensitive to the most recent star formation, is the H" EW (see e.g.
Leitherer et al. 1999; Zackrisson et al. 2001). Even so, the rela-
tion between H" EW and age strongly depends on the star forma-
tion history. Unfortunately, our question can only be addressed
under the assumption that the latest star formation episode was
instantaneous, because if star formation is continuing, massive
stars can be born at any time and give rise to CC SNe. This
means that a conclusive answer cannot be given, but we believe
that any contribution to the “single versus binary” channel dis-
cussion deserves e!ort.

The ages of the young stellar populations in the vicinity
of the SNe have been estimated by the measured H" EW and
by comparison with the predictions of Starburst99 (Leitherer
et al. 1999, see their Fig. 83) for instantaneous star formation.
Our metallicity estimates were used to choose the appropriate
table (Z = 0.008 and Z = 0.02 are relevant). We were conser-
vative by providing the widest range in ages that are compatible
with our measurements. For example, at an H" EW of #20 Å
at solar metallicity, the models are degenerate, and many ages
between 7"10 Myr provide a solution. We therefore provide a
range of possible ages (Table 3), rather than one single interpo-
lated age. Furthermore, this range is widened by the uncertainty
in our EW measurements and the di!erent possible IMFs exam-
ined by Leitherer et al. (1999). Indeed, we see that the ages com-
puted this way are much younger than the luminosity-weighted
mean stellar ages estimated from the absorption features and,
therefore, represent a lower limit to the age of the SN regions.
These lower limits have been plotted in Fig. 3. We note that
Levesque et al. (2010a) used a similar approach and estimated
the ages of the young stellar populations in GRB host galaxies
from the H# EW.

4. Discussion

4.1. Metallicities

Investigating the metallicities of the SN environments is im-
portant because within the single massive progenitor sce-
nario SNe Ic are expected to be found in more metal-rich en-
vironments than SNe Ib. This is due to the strong dependence of
stellar winds on metallicity (Vink & de Koter 2005), with stars
of the same initial mass su!ering more severe mass loss and en-
velope stripping at higher metallicities.

Our result is intermediate to those of Anderson et al. (2010),
who find equal metallicities for SN Ib and Ic environments, and
of Modjaz et al. (2011) who find SNe Ic to lie in more metal-
rich environments than SNe Ib. Modjaz et al. find a di!erence of
0.20 dex (in the O3N2 scale) and a high probability for rejecting
the null hypothesis that types Ib and Ic explode in similar metal-
licity environments, based on the Kolmogorov-Smirnov (KS)
test (p-value = 1%). In our sample we cannot detect such a
significant di!erence: a KS test provides very weak evidence
against such a hypothesis (p-value = 17.1%).

We note that the errors quoted until now (i.e. the stan-
dard error of the mean), as well as the ones of Anderson
et al. and of Modjaz et al., ignore the relatively large errors in
the individual metallicity estimates. When the individual error-
bars (here >#0.18 dex) exceed the sample standard deviation !
(here <0.15 dex), the standard error of the mean underestimates
the real uncertainty in the mean value. This is the case here
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Figure 14. H! EWs of the stellar population observed at the explosion sites
of SNe, derived from IFU spectroscopy. SN Ia, II, and Ibc distributions are
presented. This figure is part of Figure 13 taken from Galbany et al. (2014)
and is reproduced by permission of A&A.

caution that these studies are currently limited by low statis-
tics, where issues such as associating a particular cluster to
a parent progenitor population may become problematic. A
significant number of new observations have been obtained
for this study, and results from a larger sample promise to
be enlightening. The Kuncarayakti et al. studies concentrate
on very nearby SNe where one is resolving individual stel-
lar clusters. Galbany et al. (2014) used lower resolution IFU
observations to also measure H! EWs at the explosion sites
of SNe (and in addition analysed various measures of the
association of SNe to SF region, see below). In Figure 14,
H! EW distributions for SNe Ia, SNe II, and SNe Ibc are
displayed. As expected, SN Ia environments have the lowest
EW distribution. It is interesting that here the SNe Ibc appear
to explode in regions of slightly higher EW than SNe II, in-
dicating younger ages, and therefore slightly higher masses
for the former. Again, larger samples and further analysis are
needed to build on these studies.

Another distinct environment analysis which has yet to
be discussed, is multi-colour photometric analysis. Kelly
& Kirshner (2012) presented a large statistical analysis of
519 CC SN environments deriving various parameters for
the unresolved stellar populations found at explosion sites.
In Figure 15, we present their environment u!-band surface
brightness against u! " z! colour plot. SNe Ic BL (broad-line)
and SNe IIb were observed to explode in significantly bluer
regions of their hosts than other SN types, while the u!-band
surface brightness of SN Ic and SN Ib environments was
observed to be higher than those of SNe II, again somewhat
consistent with the H! pixel statistics above. These differ-
ences in environments suggest some differences in progenitor
properties such as age or mass (possibly related to u!-band
surface brightness) and metallicity (relating to environment
colour). Another interesting result from Kelly & Kirshner

(2012) was that no significant difference was found in the
environment properties of SNe IIn and the ‘normal’ SN II
population. This argues for similar progenitor properties, a
conclusion that will be further strengthened below. Kelly &
Kirshner presented a number of other interesting environ-
ment and global host galaxy measurements, and the reader is
encouraged further to explore that publication.

3.5 SN Ia environments

This review concentrates on the environmental properties of
CC SNe, as those have been the most widely studied. How-
ever, especially in the most recent years work has been pub-
lished on the local environments of SNe Ia. Given the much
longer expected delay times of SNe Ia, interpreting environ-
mental results becomes more difficult as progenitors have
possibly travelled large distances before explosion. However,
some intriguing results have been published.

Raskin et al. (2009) used a modified version of the Fruchter
et al. (2006) fractional flux method to analyse SN Ia envi-
ronment pixel statistics, comparing observations to analytical
galaxy models, concluding that even the ‘prompt’ component
of the SN Ia population has delay times of several 100 Myrs.
Stanishev et al. (2012) presented a first IFU study of SN
host galaxies, analysing the spatial and spectral information
obtained for a sample of six SNe Ia, and showing the capa-
bilities of using such observations. Rigault et al. (2013) also
used IFU observations of a large sample of SN Ia host galax-
ies. These authors concentrated on measuring the strength or
presence of H! emission at the explosion sites of SNe Ia.
They found that SNe where emission was indeed detected
have redder colours than those where no emission is detected
(a similar result was also found by Anderson et al. 2015, see
below). Wang et al. (2013) speculated that two distinct pop-
ulations of SN Ia progenitors exist, with those events having
higher ejecta velocities being more centrally-concentrated
than their lower-velocity counterparts. However, this result
has recently been questioned in an independent study by
Pan et al. (2015). Rigault et al. (2013) showed that SNe Ia
associated with local H! emission are more homogeneous
and give a lower dispersion when used as distance indica-
tors (also see Rigault et al. 2015). Subsequent work by Kelly
et al. (2015) identified a sub-set of SNe Ia which exploded
in environments of high UV surface brightness and SF sur-
face density, which gave significantly more accurate distance
measurements than SNe Ia in all environments.

In Anderson et al. (2015), the measurements described in
Sections 2.1 and 2.2 are used to study a sample of #100
literature SNe Ia. Host galaxy NCR pixel statistics were ob-
tained from near-UV through optical and near-IR imaging. It
was found that the SN Ia population in star-forming galax-
ies most accurately follows the spatial distribution of host
B-band light, as shown in Figure 16. This implies that the
dominant progenitor population of SNe Ia in star-forming
galaxies has neither very long delay times, i.e. they do not
follow the near-IR J- or K-band light, nor very short delay

PASA, 32, e019 (2015)
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IIn and impostors
SN IIn less associated with SF regions than expected 
if all were (very) massive stars (Anderson et al. 2012)

(see also M. Drout‘s talk yesterday!)

LBVs are antisocial, unlikely to be a transition from 
O-stars to WRs (Smith&Tombleson 2015)

⇒ mass gainers in binaries? 

Z(IM) < Z (IIn) depending on subclass
slight correlation Z ~ mass loss rate
(Taddia et al. 2015)

SN 2008S-type impostors not associated to H! 
emission 
⇒ dust??

2242 S. M. Habergham et al.

short-lived, high-mass SN progenitors. Thus, an NCR value of 1.000
requires not only that an SN lies directly on top of an H II region,
but that that region be the most intense (e.g. Anders & Fritze-v.
Alvensleben 2003) within the host galaxy.

Of the 26 SNIIn contained within our sample, we can calculate
the NCR value for 24. SN 2010jl does not have a valid NCR value as
the event is still bright in H! showing signs of long-lived emission
more than 2 yr post-explosion. This is also the case with SN 2005ip
which has well-observed long-lived H! emission (Stritzinger et al.
2012) still observable more than 7 yr post-explosion. These long-
lived events are obvious in the H! observations as they still appear
as point sources. NCR calculations are therefore only applied to
host galaxy images which were taken pre-explosion, or when the
H! profile at the site of the transient no longer appears as point
source. We are therefore confident that the NCR values presented
in this paper reflect the true environment of the events rather than
the event itself.

Of all of the CCSN subtypes, SNIIn are least associated with the
H! emission and SNIc the most associated according to Anderson
et al. (2012). These results have been updated by using the SNIIn
and impostor samples discussed here, and can be seen in Fig. 5.
Fig. 5 clearly shows the differences in the distributions of each
subtype within the host galaxies found in this analysis. The SNIc
population almost directly traces the H! emission, represented by
the dashed black line, whilst the SNIIn population most closely
resembles that of the SNIIPs. The impostor population is even less
associated with H! emission than SNeIa. The SNIIn population is
the least associated with on-going SF of all CCSN subtypes, whereas
SNIc are the most associated. The close association of SNIc with
H! emission has been found independently by Kangas et al. (2013).
If one follows the general consensus that both SNIc and SNIIn have
very high mass stellar progenitors, then these results are puzzling.
Anderson et al. (2012) do however find that the SNIIn population
traces recent SF in the form of near-UV emission.

We are able to place constraints on the mass of the stars tracing
both H! and near-UV using the data given in Gogarten et al. (2009),

Figure 5. NCR cumulative distributions in terms of H! emission tracing
on-going SF, of interacting transients compared to SNIIP and SNIc, as likely
extremes of the CCSN progenitor mass range and SNIa for reference.

Figure 6. NCR cumulative distributions based on archival GALEX near-
UV images tracing recent SF, of interacting transients compared to SNIIP
and SNIc, as likely extremes of the CCSN progenitor mass range and SNIa
for reference.

who find that the age of an H II region is generally less than 16 myr,
compared to SF giving rise to near-UV emission which is between
16 and 100 Myr. Gogarten et al. (2009) use these ages and apply the
isochrones of Marigo et al. (2008) to find the turnoff mass related
to these ages. They find that an age of 16 myr corresponds to a
turnoff mass of !12 M" and therefore H! emission traces stars
more massive than 12 M" and near-UV stars below this limit. This
implies that the progenitors of SNIc, which accurately trace the H!

emission, are more massive than SNIIP and SNIIn which trace the
near-UV. The comparison to the impostors, SNIIP and SNIc can be
seen in Fig. 6.

The NCR values for the SNIIn and SN impostor samples are
given in Table 8, where the following SNIIn are being presented for
the first time: SN 1996cr, SN 2001fa, SN 2003G, SN 2005db, SN
2005gl and SN 2008J. The average NCR values for the classes are:
NCRSNIIn = 0.225 ± 0.058 and NCRImpostor = 0.133 ± 0.082, with
the interacting transient class combined to give an average NCR
value of 0.194 ± 0.047. These are consistent with the samples pre-
sented in Anderson et al. (2012) and are compared to their average
NCR value for SNeIIP of 0.264 ± 0.039 and 0.469 ± 0.040 for
SNeIc. The sample of Kangas et al. (2013) contains seven SNIIn,
of which six are within the sample presented here; however, two
of these events have been placed within our impostor group (SN
1997bs and SN 2001ac). The H! pixel statistic technique used in
Kangas et al. (2013) is identical to that used here. For the six events
we have in common, our average NCR value is 0.144 ± 0.130,
compared to 0.086 ± 0.054 in Kangas et al. (2013), which are in
close agreement.

Table 11 presents the KS test results on the distributions of the
various NCR values for the subtypes presented in Figs 5 and 6.
This shows that the distribution of SNIIn, impostors and the classes
combined have a probability of less than 0.1 per cent of tracing
the H! (or flat) distribution (represented by the black dashed line in
Fig. 5). Unsurprisingly, this means that the impostor, and interacting
transient, progenitor populations have a probability of less than
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F. Taddia et al.: Metallicity at the explosion sites of interacting transients
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Figure 9 CDFs of the metallicity at the SN location for CSI transients and for other SN classes from the literature. The legend entries
have been ordered by mean metallicity.

sections that the SN IIn results are solid independently of the
average gradient assumption.

6. Metallicity results
In the following sections we describe the metallicity results
for our sample of CSI transients, including comparisons among
CSI SN subtypes and to other CC SNe.

6.1. Metallicity comparison among CSI transients

In Table 4 we report the average values for the metallicity at the
host center, at the SN position, and for the metallicity gradient.
The mean gradients are computed excluding the objects where
the gradient was assumed to be –0.47 R�1

25 .
SNe IIn show slightly higher average oxygen abundance

at their locations (8.47±0.04) than do SN IMs (8.33±0.06).
The latter values are consistent with the metallicity of the
Large Magellanic Cloud (LMC has 8.37, Russell & Dopita
1990), which is sub-solar (the Sun has 8.69, Asplund et al.
2009). To understand if this difference is statistically signifi-
cant, computing the mean values is not sufficient. Therefore,
we need to compare their cumulative distributions, which are
shown in the top-right panel of Fig. 8, through the Kolmogorov-
Smirnov (K-S) test. We found that the probability that the
metallicity distributions of SNe IIn and SN IMs are differ-
ent by chance is only 1%. If we exclude the CSI SN hosts
where we assumed the average P04 metallicity gradient to de-
termine the local oxygen abundance, this difference still holds
(p-value = 1.5%), with <12+log(O/H)>

IIn

= 8.48±0.04 and
<12+log(O/H)>

IM

= 8.31±0.07. Also if we use the N2 cali-
bration by Marino et al. (2013), the K-S test gives a p-value of

1%. To account for the uncertainties of each metallicity measure-
ment (see Table 4), we performed the K-S test between 106 pairs
of Monte Carlo-simulated metallicity distributions of SNe IIn
and SN IMs. The 68% of the resulting p-values were found to
be 0.17, suggesting that the difference is real. We discuss this
result and its implications for the SN IIn progenitor scenario in
Sect. 8. SNe Ibn show an average metallicity (8.44±0.11) simi-
lar to that of SNe IIn and a distribution that appears in between
those of SNe IIn and SN IMs, although here our sample is lim-
ited to only 6 SNe Ibn and there is no statistically-significant
difference with the other two distributions (p-values>56%).

The average oxygen abundances at the host center for
SNe IIn and SN IMs are 8.63±0.03 and 8.59±0.06, respectively.
These distributions (top-left panel of Fig. 8) turned out to be sim-
ilar, with p-value=47%. SN Ibn hosts exhibit a slightly lower
mean central metallicity than SNe IIn (8.55±0.11, but with p-
value=54%). Metallicities at the center are expected to be higher
than those at the SN explosion site due to the negative metallicity
gradient typically observed in the galaxies (e.g., P04).

The mean gradient for the host galaxies of SNe IIn,
Ibn and SN IMs is �0.10±0.09 R�1

25 , �0.33±0.09 R�1
25

and �0.31±0.06 R�1
25 , respectively. These absolute values are

slightly lower than the average gradient (�0.47 R�1
25 ) of the

galaxies studied by P04 and adopted for the SNe in our sample
with a single metallicity estimate at the galaxy center. The gra-
dient distribution of SN IIn hosts shows higher values than those
of SN IMs and SNe Ibn (bottom-left panel of Fig. 8), however
the K�S tests result in p-values > 12%.

SNe IIn, Ibn and SN IMs show similar average distances
from the host center, with 0.64±0.15 R25, 0.43±0.10 R25 and
0.54±0.08 R25, respectively. Their distributions are almost iden-
tical (p-values>49%, see the bottom-right panel of Fig. 8).
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Absorption lines to study 
the environment

Very common for GRB hosts
mostly for SN Ia & some SLSNe (Vreeswijk 14, Berger 12)

⇒ need high-resolution data, redshift helps...

Probe SN impact on CSM via photoionization
⇒ need to be fast! (see A. Goobar‘s talk)

Probe host/larger environment
e.g. molecules and DIBs in 2008fp (Cox/Welty 14), 
2003hn (Sollerman 05)

⇒ no DIBs in GRB sightlines!

room for improvement??

N. L. J. Cox and F. Patat: Dense molecular clouds in the SN 2008fp host galaxy

Fig. 1. Interstellar absorption lines towards SN 2008fp. Synthetic line
profiles obtained with VPFIT are shown as solid red curves overplot-
ted on the observed spectra. Details of the models are given in Table 3.
The vertical dashed line are drawn at 1770 and 1778 km s�1, the aver-
age peak radial velocity for the strongest interstellar components. The
5797 DIB and CH+ appear slightly red-shifted with respect to the av-
erage radial velocity. The shift for 5797 DIB corresponds to roughly
0.4 Å or 20 km s�1. Two velocity components separated by ⇠8 km s�1

are discerned in the absorption profiles of CN, CH, and CH+.

3.2. Supernova host galaxy ISM

Both Na iD and Ca iiHK are detected at radial velocities corre-
sponding to those of the host galaxy (Fig. 1). The main absorp-
tion complex is between +50 to +100 km s�1 with respect to the
system velocity at 1698 km s�1. In addition, many other atomic
and molecular species are detected at velocities corresponding to
those of the main components of Na i, as shown clearly in Fig. 1.
We used VPFIT1 to obtain densities for the atomic and molecular
species. Whenever possible, multiple transitions of a particular
species were used to correct for line saturation and improve the
constraint of the fit. The results for the central radial velocities
and the column density or equivalent width for the atomic and
molecular species and DIBs, respectively, are listed in Table 3. A
detailed discussion of each of the atomic species, molecules, and

1 Carswell & Webb; http://www.ast.cam.ac.uk/⇠rfc/vpfit.
html

Table 3. Atomic, molecular, and di↵use bands detected in the line-of-
sight toward SN 2008fp.

Line vhelio
a EW log Na

(km s�1) (mÅ) (cm�2)
Na iUV (doublet) 1771.5 ± 0.7 128 ± 26 14.43 ± 0.03

67 ± 13
Ca iiHK (doublet) 1700–1780 13.39 ± 0.02
Fe i (3719.9Å) 1770.4, 1784.4 44 ± 5 12.96 ± 0.03
Fe i (3859.9Å) 26 ± 6
Ca i 1770.5, 1780.7 60 ± 5 11.35 ± 0.02
Na iD (doublet) 1726–1790 14.35 ± 0.06
K i (doublet) 1770–1791 12.03 ± 0.03
Ti ii 1775 46 ± 9 12.1 ± 0.1

CN B-X (0–0) R0 1767.8 84 ± 3 13.40 ± 0.03
CN B-X (0–0) R1 1768.7 37 ± 3 13.12 ± 0.06
CN B-X (0–0) P1 1768.3 19 ± 2
CN B-X (1–0) R0 1769.3 18 ± 4 13.7 ± 0.1
CH+ A-X(0–0) R(0) 1773.2, 1784.3 16 ± 3 13.23 ± 0.22
CH+ A-X(1–0) R(0) 8 ± 2
CH A-X (0–0) 1768.9, 1779.2 27 ± 4 13.45 ± 0.36
CH B-X (0–0) 11 ± 3
C2 A-X (2–0) R0 1766.8 16 ± 2 13.23 ± 0.06b

C2 A-X (2–0) R2 1768.9 19 ± 2 13.70 ± 0.05b

C2 A-X (2–0) R4-R8 1768.1 15 ± 2 13.68 ± 0.06b

C2 A-X (2–0) R6 1769.5 8 ± 3 13.44 ± 0.20b

C2 A-X (2–0) Q2 1765.9 25 ± 3 13.72 ± 0.06b

C2 A-X (2–0) Q4 1770.2 21 ± 3 13.64 ± 0.04b

C2 A-X (2–0) Q6 1772.6 15 ± 3 13.50 ± 0.10b

⌃(N) =
14.29 ± 0.07b

C3 Ã-X̃ (Q-branch) 1768.0 20 ± 5 13.23 ± 0.15c

5780.55 DIB 1787 ± 10 81 ± 5
5797.08 DIB 1780 ± 5 60 ± 10
5849.81 DIB 1778 ± 5 34 ± 5
6196.00 DIB 1776 ± 14 29 ± 6
6283.85 DIB 1796 ± 15 180 ± 30

Notes.

(a) Column densities and radial velocities for the atomic species
CH, CH+, and CN are obtained from multiple-component profile fitting
using VPFIT. Whenever possible, multiple transitions (e.g. doublets) of
a single species were fitted simultaneously. For Fe i, CH+, and CH, two
velocity components (see table) were required to achieve the best fit.
(b) Details for N(C2) in Sect. 3.2.2. (c) N(C3) is derived following the
procedure of Oka et al. (2003) (Sect. 3.2.2).

DIBs in the SN 2008fp host galaxy are given in the subsequent
subsections.

3.2.1. Extra-galactic atomic species

The strongest absorption features near the systemic velocity of
the host galaxy are from Na i and Ca ii. These are shown in the
top two traces of Fig. 1. For both species the transitions be-
tween 1750 and 1800 km s�1 are saturated. Two weaker compo-
nents are present at 1700 and 1730 km s�1. In addition to these
strong absorption systems the weaker transitions of Ca i, K i, and
Na iUV are also detected around 1770–1780 km s�1 (Fig. 1 and
Table 3). Ti ii is only tentatively detected at a radial velocity
of 1775 km s�1 with an equivalent width of 46 ± 9 mÅ. Other
interstellar atomic species, such as Li i and K iUV, are not de-
tected. Total column densities derived with VPFIT are listed in
Table 3. Whenever possible, multiple transitions, such as those
for doublets, were included in the VPFIT fitting procedure to
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Evolution in pEW of Na I D Absorption Features
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Fig. 2.— Change in pseudo-equivalent width (pEW) between
!11 and +22 days for four of the most unblended components of
Na I D: line #2 (black circles), 3 (blue squares), 7 (green stars),
and 8 (red triangles; all are listed in Table 2). Open and filled
symbols represent Na I D1 and Na I D2, respectively. Horizontal
bars mark the average uncertainty in pEW over all measurements.
None of these lines shows significant or consistent evolution for
both Na I D components in our time series of spectra.

relative contributions from the small telluric line and the
feature at v ! "144km s!1 at the position of the arrow
are unclear. By 5 February 2014 that feature is distinctly
removed from the telluric, and by 17 February 2014 it ap-
pears to have dissipated almost entirely. Although the
strengths of atmospheric lines can vary site to site and
night to night, the telluric line at this position is expected
to be much smaller than the K I absorption feature. To
assess potential night-to-night variations in that region,
we examined the spectra of standard stars taken on the
same night as our data, but they all appear very similar
to HR6786.
There are two possible observational interpretations for

the most blueshifted (v ! "144km s!1) component of
the K I line. (1) It does not exist, and our observations
are instead a combination of an unexpectedly strong tel-
luric feature in the first # 4–5 epochs and noise in the
remaining epochs. (2) It has dissipated over time be-
tween 22 January 2014 and 24 February 2014, corre-
sponding to phases "11 and +22 days with respect to
peak brightness (or +8 and +41 days since “first light”
as defined by Zheng et al. 2014). Regarding option (1),
we point out that there are two potential physical rea-
sons why this component may exist in Na I D but not
K I: (1a) the absorbing material is similar to that creat-
ing the v ! 0 km s!1 component, which does not appear
to be significant in K I either (Figure 3), or (1b) the ma-
terial is circumstellar and its potassium has experienced
photoionization or collisional ionization within the first 8
days after explosion. However, we judge option (1) to be
less likely, given the relative weakness of the interloping
telluric line and strength of this component in Na I D.
We find that option (2), true dissipation of the feature,

to be more likely — especially given the partial dissipa-
tion of the second-most blueshifted (v ! "127km s!1)
feature (compare with the v ! "122km s!1 feature), at
a position where no telluric contamination is expected.
Furthermore, it is important to note that we cannot
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Fig. 3.— The potassium line K I !7665. Vertical solid line marks
the position of K I. Telluric lines have been fit and subtracted, in
some cases leaving noisy residuals (gray background regions). Lines
unblended enough to individually identify are marked with short
vertical lines and their line velocity in km s!1. For comparison,
the dotted spectrum along the top of the plot shows the Na I D1
absorption feature, matched to K I in velocity space. In the top
plot, the time series progresses from black through purple, blue,
green, yellow, and orange to the red line. In this we see consis-
tent evolution (shrinking) of the absorption lines at v " !144 and
!127 km s!1. The dissipation of these lines is clearer in the bottom
plot, where we have grouped the spectra by date into five epochs
(colored lines) and zoomed in on the most blueshifted features to
show the evolution in average continuum-normalized flux.

rule out a small change of # 10mÅ in the correspond-
ing Na I D component (see the pEW evolution of the
v ! "143km s!1 component of Na I D in Figure 2). The
initial pEW of the v ! "144kms!1 feature in K I is
# 30mÅ, and so a physical process that a!ects ! 1
Na I atom for every 3 K I atoms may be plausible.
Here we consider three potential physical explanations
for our observations: photoionization of CSM by SN
near-ultraviolet (NUV) radiation, collisional ionization
of CSM by SN ejecta, and transverse motions perpendic-
ular to our line of sight to SN2014J.
Photoionization – Could this evolution in K I rep-

resent ionization by photons from SN2014J? The ioniza-
tion energies for these two species are similar, E(Na I)
= 5.14 eV and E(K I) = 4.34 eV (Kramida et al. 2013),
and the wavelengths of the ionizing photons are !(Na I)

Graham et al. 15



Stellar population modeling

Determine (possible) „historic“ progenitors/
SNR from SFH modeling of surrounding 
stars  (e.g. Williams 14, Jennings 12,13)

SN 2007gr: 
-  Surrounding star cluster:
   neighbour star 40 M YSG
   cluster predominantly young
-  no H! emission
    ⇒ implication for H! ~age
-  nondetection of prog. consistent with   
    M<27/40 Msolar

Maund et al. 16

3182 J. R. Maund and E. Ramirez-Ruiz

Table 4. Bayesian evidence values for fits, with varying
number of mixture components (Nm), to the observed WFC3
and WFPC2 data.

ln Z/Nm!a

Nm npar WFC3/UVIS WFPC2

1 3 0.00 ± 0.15 0.00 ± 0.13
2 7 42.34 ± 0.18 16.70 ± 0.18
3 10 42.70 ± 0.18 15.92 ± 0.18
4 13 42.20 ± 0.18 14.19 ± 0.19

Note. aNormalized with respect to Nm = 1.

Figure 7. Bayesian evidence values for stellar population fits for stars in the
WFC3/UVIS (blue) and WFPC2 (red) observations for different numbers
of mixture components (Nm).

due to the limited number of stars observed in the shallower WFPC2
observations. For both sets of observations, we find evidence for
an older stellar population solution that is composed of !1/5 (by
number) of the stars observed in the field.

Under the assumption that the progenitor of SN 2007gr arose
from the observed stellar populations, given the corresponding de-
pendence of a star’s lifetime on its initial mass we can derive the
probability for the initial mass of the progenitor. On Fig. 9, we
show that WFPC2 observations, which imply younger, narrower
epochs of star formation, support a higher mass progenitor than the
WFC3 observations. For the WFPC2 and WFC3 observations, the
mass at which P(Mprog < M) = 0.5 occurs for M = 41 and 27 M",
respectively. Both sets of observations, therefore, support a progen-
itor significantly more massive than those found for Type IIP or IIb
SNe.

Figure 8. The star formation history for the stellar population observed at
the site of SN 2007gr for the optimal number of mixture components Nm =
2 for the WFC3/UVIS (blue) and WFPC2 (red) observations. The heights of
the peaks are scaled to correspond to the weighting of each star formation
epoch.

Figure 9. Probability for the progenitor mass of SN 2007gr, given the
parameters derived for the surrounding stellar population observed in HST
WFC3 (blue) and WFPC2 (red) observations.

Table 5. Recovered star formation histories for the stellar population observed in WFC3/UVIS and WFPC2 observations of the site of SN
2007gr.

Young Old
AV ! 1 " 1 w1 ! 2 " 2 w2

WFC3/UVIS 0.53 ± 0.00 6.87 ± 0.02 0.25 ± 0.02 0.78 ± 0.03 7.88 ± 0.02 0.11 ± 0.01 0.22 ± 0.02
WFPC2 0.44 ± 0.01 6.71 ± 0.03 0.14 ± 0.03 0.85 ± 0.03 7.60 ± 0.03 0.09 ± 0.03 0.15 ± 0.02
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Fig. 9.— Ranked plot of our mass measurements and associated uncertainties. Overplotted are the expected mass distributions for a
Salpeter (1955) IMF with an upper-mass cuto↵ of 22 M� (dashed line), and with an upper mass cuto↵ of 70 M� (solid line).

TABLE 3

Probability distributions, with associated uncertainties, for our

sample,

a
full table available in machine readable format only.

SN Mass High Mass Low Probability +uncertainty �uncertainty

SN1917A 68.6 45.3 0.0 5.7 0.0
SN1917A 45.3 33.0 0.0 11.0 0.0
SN1917A 33.0 25.9 10.6 9.9 10.6
SN1917A 25.9 20.7 0.0 20.7 0.0
SN1917A 20.7 17.3 0.0 27.2 0.0
SN1917A 17.3 14.6 0.0 34.7 0.0
SN1917A 14.6 12.5 0.0 42.4 0.0
SN1917A 12.5 10.9 0.0 50.4 0.0
SN1917A 10.9 9.6 0.0 59.2 0.0
SN1917A 9.6 8.4 0.0 73.1 0.0
... ... ... ... ... ...

a Columns are (1) Name of SN, (2) upper mass limit of the mass bin, (3) lower
mass limit of the mass bin, (4) most likely percentage of stellar mass (<50 Myr) in
the mass bin, (5) positive 1� uncertainty on the percentage, and (6) negative 1�
uncertainty on the percentage.



NGC 2770 - host of 4 SNe

4 VIMOS pointings
0.66“ lenslets ~ 90kpc

4900-8800Å

Tuneable narrowband filters:
NII+Ha+SII+cont

(12/20Å filters)
0.25“ plate scale

0.6-0.8“ seeing

Bonus:
drift-scan spectra covering SN 2015bh

Thöne et al. 2009: 4 LS pointings
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NGC 2770
EW increases/age decreases with distance 
from centre
Only 1999eh marginally consistent with 
single star origin ⇒ binaries??

Smooth metallicity gradient,
sites all sightly below except 2008D 

all in SF regions, but within radial average

inside-out SF 
no sign for disturbance (but high HI mass!)
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NGC 2770 - the 2015bh site
16 Thöne et al.

CSM. (Habergham et al. 2014) studied the distribution of SN IIn
and SN impostors within their hosts, finding that they are not as-
sociated to ongoing SF traced by H↵ emission. They also find that
“SN 2008S-like” impostors (those with low mass progenitors) fall
on regions without H↵ emission while “Eta-Car like” impostors
(possible LBV progenitors) do have underlying H↵ emission.

Our H↵ tunable filter map of NGC 2770 indicates that SN
2015bh is probably not lying within a bright SF region. It is, how-
ever, within the spiral arm where SN 2007uy exploded within a
row of smaller SF regions spanning from the region of SN 2007uy
along the spiral arm. A definite answer as to whether it is associ-
ated to a SF region or not is hard to give since any image available
of NGC 2770 is contaminated by the LBV and there might well be
a faint underlying SF region. However, in contrast to SN 2009ip, it
is clearly hosted within the galaxy in one of the star-forming outer
spiral arms.

A map of the region around the LBV site corresponding to
half of the data cube constructed from the drift-scan spectroscopy
dataset (⇠5⇥2.5 kpc) is shown in Fig. 16. Since we cannot deter-
mine properties of the environment at the actual location of SN
2015bh (in all available spectra we have contamination from the
LBV star), we study the properties at the SF regions in the same spi-
ral arm SE and NW of the LBV location. The metallicity is derived
from the N2 parameter in the calibration of Marino et al. (2013), the
SSFR is obtained from scaling the H↵ luminosity with the magni-
tude in the region of 3980–4920 Å of the spectrum, corresponding
to the coverage of a B-band broad-band filter.

The HII region to the SE is part of a cluster of several HII re-
gions in one of which SN 2007uy was located (which is just outside
the range covered by the driftscan cube). The SE and NW SF region
have both a metallicity of 12+log(O/H)=8.46, H↵ EWs of ⇠ –40
and –10Å and a specific SFR (SSFR) of⇠ 3.1 and 2.1 M�/y/L/L*.
The metallicity of both neighboring SF regions is below the mean
of the metallicity gradient in NGC 2770 by about 0.06 dex and sim-
ilarly low as for SN 2007uy and SN 1999eh (Thöne et al. (2009),
Thöne et al. in prep.). Compared to other SN IIn site metallicities,
SN 2015bh lies at the mean of the distribution (Taddia et al. 2015).
The EW is rather low which would imply an age of the SF region
of more than 7 and 10 Myr or the lifetime of a 25 or 17 M� star
for the two regions respectively. In line with this, the SSFR at both
sites is rather low both within the galaxy and lower than any of the
SN Ib sites (Thöne et al. in prep.). The fact that, in particular the
region NW of the LBV site is neither very young nor particularly
star-forming is supported by the absence of H� in emission, which
is the case in many HII regions within NGC 2770, the HII cluster
around SN 2007uy, however does show H� in emission.

7 COMPARISON WITH SN IMPOSTORS AND SN TYPE
IIN

7.1 SN 2015bh and SN type IIn

SNe IIn are actually a rather mixed bag of events: as the classi-
fication is made through signs of shock interaction of some sort
of ejecta with a thick CSM, the central engine can be very differ-
ent and includes examples of hydrogen-poor events (called SN Ibn)
and even thermonuclear explosions (SN Ian). Here we only concen-
trate on H-rich CC SNe IIn. Circumstellar interaction has also been
one of the proposed mechanisms for super-luminous SNe (SLSNe)
(Gal-Yam 2012). SN 2006gy (Smith et al. 2007a) and SN 2010jl
(Stoll et al. 2011) with peak magnitudes of –22 mag and –20.5 mag,
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Figure 16. The galactic environment of SN 2015bh in H↵, metallicity, H↵
EW and specific SFR as observed with OSIRIS/GTC and drift-scan spec-
troscopy. The area covers about 5⇥2.5 kpc. Note that the properties at the
explosion site cannot be considered as the data are contaminated by emis-
sion from the LBV during outburst, marked by a cross.

respectively, were classified as a SN IIn but had a much higher lu-
minosity than typical SNe IIn. It seems that SNe IIn span a wide
range of luminosities from SLSNe to more “normal” peak lumi-
nosities or maybe even down to sub-luminous events. Most SN IIn
show indications for massive progenitors, hence it might be a ques-
tion of mass-loss through winds, eruptions and the structure of the
CSM which defines the luminosity of the final explosion.

Several classes have been established in the past of “real”
Type IIn SNe: SN 1994W, 1998S, 1988Z-like and “generic” SNe
IIn (see e.g. Taddia et al. 2013; Kiewe et al. 2012). 1994W-like
IIn (other members are e.g. SN 2009kn (Kankare et al. 2012) and
SN 2006bo (Taddia et al. 2013)) have a characteristic plateau post
maximum and have also been called SN IIP-n, which is not the
case for SN 2015bh. They have, however, a similar set of emission
lines as we observe here, but in contrast they never show the dra-
matic change to broad late-time emission lines as we observed. SN
1998S and 2008fq (Taddia et al. 2013) showed broad line profiles
at >50 d and the Balmer line profiles actually resemble very much
those of SN 2009ip. SN 1988Z-like SN such as SN 2006jd and SN
2006qq (Taddia et al. 2013) have very asymmetric emission lines
with a broad component that can even be detached from the narrow
component, and a suppression in the red wing due to dust, which
we do not observe here. Spectra of some type IIn SNe are shown in
Fig. 18.

MNRAS 000, 1–23 (2016)

SN 2015bh in outer spiral arm, not isolated 
as 2009ip
(next to HII region of 2007uy!)

site has always been „contaminated“ by 
the pre-SN outbursts + SN
-> not clear whether there is an underlying
     HII region...

nearby regions have
Z~0.5 solar
age: 7-10 Myr (17-25 M☉ star) 
SSFR: 2-3 M☉/y/L/L*



The most extreme SNe: 
SLSNe, GRBs, BL-IC



Broadline Ic
More metal rich than e.g. BL-Ics 
associated to GRBs? or not??

SN 2009bb (Levesque et al. 10, Soderberg et al. 09): 

- at brightest/bluest region
- 1.7 - 3.5 Z☉

- 4.5 Myr age of SP
⇒ binary models favoured??

SN 2010ay (Sanders et al. 12)

12+log(O/H)=8.24

BL-Ic (and GRB) prefer hosts with high 
stellar- and SF-rate density
BL-Ic are in hosts with higher velocity 
dispersion (SF trigger??)

The Astrophysical Journal, 756:184 (16pp), 2012 September 10 Sanders et al.
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Figure 9. Plot of host galaxy metallicity vs. absolute B magnitude for
SNe Ic-BL (red) and engine-driven explosions (blue). The L ! Z relation of
nearby star-forming galaxies is plotted as a solid line, with the 15th and 85th
percentile boundaries of the galaxy distribution (dashed lines). Here, we have
transformed the k-corrected gri magnitudes from the MPA/JHU catalog to
B band (Blanton & Roweis 2007) and converted the T04 metallicity values
to the PP04 scale (Kewley & Ellison 2008), for the purpose of comparing it
to metallicity measurements for SN host galaxies in the literature. The dot-
dashed horizontal line is the divider between GRB–SNe and SNe Ic-BL host
environments suggested by Modjaz et al. (2008). The host galaxy properties
of GRB/SNe other than 2010ay are from the following references: Starling
et al. 2011; Cano et al. 2011a (2010bh), Modjaz et al. 2011 (Ic-BL), Levesque
et al. 2010d (2009bb), and Levesque et al. 2010a (other GRB–SNe). Error bars
illustrate measurement uncertainty, when published, plus a 0.07 dex systematic
uncertainty.
(A color version of this figure is available in the online journal.)

The 39 LGRB host galaxies in the survey of Savaglio et al.
(2009) are similarly low in mass and have high SFRs, with an
average stellar mass of M" # 109 M$ and SSFR # 3.5 Gyr!1.

The host galaxy of SN 2010ay falls below the L ! Z relation
for nearby star-forming galaxies, as illustrated by Figure 9.
We have transformed the k-corrected gri magnitudes from the
MPA/JHU catalog to B band (Blanton & Roweis 2007). At
the luminosity of the host galaxy of SN 2010ay, the median
metallicity and standard deviation of the SDSS galaxies on the
T04 scale are log(O/H) + 12 = 8.93 ± 0.17; the host galaxy of
SN 2010ay falls in the 3rd percentile. In other words, the host
galaxy of SN 2010ay is a 2! outlier from the L ! Z relation.
Similarly, Levesque et al. (2010a) and Han et al. (2010) suggest
that the host galaxies of LGRBs fall below the L ! Z relation
as defined by normal star-forming galaxies, BCGs, and the host
galaxies of SNe Ic.

Mannucci et al. (2011) have explained the offset of LGRB
host galaxies from the M ! Z relation as a preference for LGRBs
to occur in host galaxies with high SFR, as characterized by
the fundamental metallicity relation (FMR) of Mannucci et al.
(2010; see also Lara-López et al. 2010). Using the extended
FMR for low-mass galaxies from Mannucci et al. (2011),
the host galaxy of SN 2010ay should have a metallicity of
log(O/H) + 12 = 8.20 given its stellar mass and SFR. The
FMR is calibrated to the Nagao et al. (2006) metallicity scale,
which is similar to that of PP04 at this metallicity. Given the
intrinsic scatter in the extended FMR on the order of #0.05 dex,
this value is consistent with the PP04 value we measure from
our Gemini spectrum: log(O/H) + 12 = 8.19. Kocevski & West
(2011) similarly explain the offset of LGRB host galaxies from
the M ! Z relation as an SFR effect but suggest that the long

GRB host galaxies have even higher SFR than would be implied
by the FMR.

SN 2010ay is an example of an SN Ic-BL where the host
galaxy is consistent with the M ! Z relation for star-forming
galaxies but deviates from the L ! Z relation due to its low
stellar-mass-to-light ratio (Section 6.1). Its 2! discrepancy from
the L ! Z relation would be hard to explain as an SFR rate effect
alone because among galaxies in the MPA/JHU catalog without
AGNs (as defined above) and with MB within 0.1 mag of the
host galaxy of SN 2010ay, the host galaxy has an SFR in the
26th percentile (<1! discrepancy).

7. DISCUSSION

SN 2010ay has all the hallmark features associated with
GRB–SNe, and yet we find no evidence of a relativistic
explosion to sensitive limits. We are able to place constraints
on the energy, density, velocity, progenitor mass-loss rate, and
gamma-ray flux of any GRB that may have been associated with
it. In particular, we may rule out the association of a GRB that
looks similar to any spectroscopically confirmed GRB–SN to
date, except for XRF 060218.

The low metallicity of the host environment of SN 2010ay
may be suitable for GRB jet formation in the “collapsar” model,
but our observations strongly constrain any relativistic outflow
(Sections 4 and 5). In MacFadyen & Woosley (1999), a high
rate of rotation in the core of the progenitor is required to power
a relativistic jet. A low metallicity is prescribed to suppress
the line-driven winds that would deprive the core of angular
momentum. Apparently supporting this model, Stanek et al.
(2006) found that the isotropic prompt energy release of the
GRB–SNe decreases steeply with metallicity, and other surveys
have found observational evidence for the preferential occur-
rence of GRB–SNe in low-metallicity host galaxies (Fynbo
et al. 2003; Prochaska et al. 2004; Sollerman et al. 2005;
Modjaz et al. 2006; Wiersema et al. 2007; Christensen et al.
2008; Modjaz et al. 2008; Levesque et al. 2010a; Chornock et al.
2010; Starling et al. 2011). Challenging this view is the recent
discovery of SN 2009bb, a broad-lined, engine-driven SN Ic
found in a high-metallicity host environment (Soderberg et al.
2010; Levesque et al. 2010d; Pignata et al. 2011). In SN 2010ay,
we have found the opposite case—a broad-lined SN Ic found in
a low-metallicity host environment, but without any indication
(via either radio or gamma-ray emission) of a central engine. The
existence of SNe 2009bb and 2010ay emphasizes that progeni-
tor metallicity is not the key factor that distinguishes GRB–SNe
from broad-lined SNe Ic without associated relativistic ejecta.

We compare the absorption velocity of SNe Ic-BL and engine-
driven SNe (GRB–SNe and SN 2009bb) to the metallicity
of their host environments in Figure 10. This comparison
emphasizes the diversity of explosion and host galaxy properties
observed in both engine-driven SNe and SNe Ic-BL. The
engine-driven SNe with the largest velocity gradients (2003dh,
" = !0.9 ± 0.1; 2009bb, " = !0.86 ± 0.08) occur at
metallicities different by a factor of five (2003dh, log(O/H) +
12 = 8.0; 2009bb, log(O/H) + 12 = 8.7 on the PP04 scale).
Furthermore, the velocity gradient of engine-driven SNe seems
to be uncorrelated with the velocity at late times; 2010bh
(" = !0.22 ± 0.07) and 2006aj (" = !0.3 ± 0.2) have similar
velocity gradients, but 2010bh had velocities #10,000 km s!1

larger at 30 days after explosion. Among SNe Ic-BL from low-
metallicity environments (log(O/H)+12 < 8.5), there is a large
range in both the characteristic velocity and velocity gradient
(v30

Si = [10±1, 9±2, 21±2] and " = [!0.5±0.2,!0.3±0.2,
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Figure 2. As in Figure 1, but showing the star formation density (!SFR) against host stellar mass for z < 0.2 core-collapse SNe as well as z < 1.2 LGRBs. Host
galaxies of broad-lined SNe Ic and LGRBs show high star formation densities for their stellar masses.
(A color version of this figure is available in the online journal.)

(JHU) (S. Charlot, G. Kauffmann, S. White, T. Heckman, C.
Tremonti, and J. Brinchmann; MPA-JHU). SDSS fiber apertures
generally do not cover the entire light distribution of each target
galaxy. The MPA–JHU team therefore estimates the total SFR
of each galaxy as the sum of the SFR within the fiber aperture
determined from fitting the spectrum and from a fit to the ugriz
light outside the fiber opening.

We adopt the gas velocity dispersions estimated from SDSS
emission-line profiles by the Portsmouth group (Thomas et al.
2013), which apply the public Penalized PiXel Fitting (pPXF;
Cappellari & Emsellem 2004) and the Gas and Absorption
Line Fitting (GANDALF v1.5; Sarzi et al. 2006) codes. The
velocity dispersion of the gas is estimated from the widths of
emission lines (e.g., H!, [O iii]), and here we take the dispersion
for H!.

3.1.2. Host-Galaxy Sizes

The SDSS Photo pipeline performs separate fits of a de
Vaucouleurs r1/4 law and an exponential profile to the light
distribution of each extended object. The pipeline next finds the
linear combination of the two models (holding all parameters
except flux fixed) that minimizes the "2 statistic. To obtain an
estimate of the half-light radius r50, we compute the weighted
average of the two components’ r50 parameters and weight each
by its fractional contribution to the total model flux.

We use the GALFIT (Peng et al. 2002) program to perform
the same surface-brightness fitting analysis on archival HST
images of LGRB host galaxies. We apply Source Extractor
(SExtractor; Bertin & Arnouts 1996) to drizzled and cosmic-ray-
rejected images to estimate object positions, ellipticities, and
magnitudes, and these are used as input GALFIT parameters.
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SUSHIES

SLSN Type I hosts often compact 
irregulars (avg. 0.9 kpc)

high SSFR and low metallicity

~50% are extreme emission line 
galaxies (EELGs)!

ISM less dense than GRB hosts
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Figure 1. HST rest-frame UV images of 11 host galaxies of PS1/MDS SLSNe, and 5 host galaxies from the literature. All images are
oriented with north up and east pointing left. The horizontal bars shows the scale of each image. The red circles corresponds to the 1!
uncertainty in the SN position relative to the HST image, as described in Section 2.3. Some images have been smoothed with a 3-pixel
Gaussian filter to make the galaxy more apparent.

the main goal of the GOODS SN search was to find
Type Ia SNe, the CCSN sample consists of SNe with col-
ors incompatible with being Type Ia SNe (and therefore
not followed up further), or SNe with spectra that were
not Type Ia (Strolger et al. 2004). There is therefore no
breakdown of sub-types within the GOODS sample.
For studies of spectroscopically confirmed CCSNe, we

are limited to lower redshift samples. We utilize the
studies of Prieto et al. (2008), Kelly et al. (2008) and
Kelly & Kirshner (2012) for host-SN o!sets and light dis-
tribution statistics for di!erent types of SNe. These com-
parisons are complicated by the fact that the low-redshift
samples contain a larger fraction of high-luminosity
galaxies because the supernovae in the samples come

from targeted surveys.
LGRBs o!er another interesting comparison sam-

ple to H-poor SLSNe. The two types of tran-
sients share a number of properties; both are rare
and energetic explosions, with rates ! 10!3 of the
CCSN rate (Quimby et al. 2013a; McCrum et al. 2014a;
Wanderman & Piran 2010). Like H-poor SLSNe, the
SNe that accompany LGRBs are stripped of hydrogen.
Moreover, Lunnan et al. (2014) found that their environ-
ments are similar on a galaxy-scale level, with both sam-
ples preferentially found in dwarf galaxy environments
with low metallicities and high specific star formation
rates. Locations of LGRBs within their host galaxies
were studied in Fruchter et al. (2006) and Svensson et al.

The hosts of SLSNe 19

Figure 4. Specific star formation rate versus stellar mass for various types of galaxies. The symbols are the same as in Fig.1. The CC
SN hosts are from the impartial sample of Kelly & Kirshner (2012). Six SNe Ic are marked with a square instead of a circle. The EELGs
and SDSS galaxies form two distinct loci on this graph. H-poor SLSN hosts are broadly consistent with the locus of EELGs. H-rich SLSN
and GRB hosts are also found in the SDSS locus (although on the upper end).

c� 2002 RAS, MNRAS 000, 1–??

Leloudas et al. 2014; Lunnan et al. 2014;
Vreeswijk et al. 2014

– 27 –

Fig. 9.— Comparison of the rest-frame Mg I  l2852 and Mg II ��2796, 2803 equivalent widths (Wr)

measured in spectra of GRB afterglows (black circles; de Ugarte Postigo et al. 2012), sub-DLAs

in the foreground of background QSOs (brown triangles; Meiring et al. 2008; Péroux et al. 2008;

Meiring et al. 2009), and hydrogen-poor SLSNe with published spectra (blue squares; see Table 3

for details). The average strength of the Mg I and Mg II absorption in SLSN host galaxies is

significantly lower than in GRB hosts, and is similar to that of sub-DLAs. The measurements for

iPTF13ajg are indicated with the orange star. In the Mg II histogram, we also plot (in green) a

sample of Mg II absorbers along QSO sightlines that are within 20 kpc of a nearby galaxy (Nielsen

et al. 2013). The histograms (which do not include the upper limits) of the Mg II absorbers and

sub-DLAs have been normalized to match the peak of the SLSN histograms.



PTF 12dam host

tadpole galaxy at z=0.107, log M=8.22 M☉, EELG
SN in SF region in the head
one of the most extreme SUSHIES

rich spectrum (HeI+II, Ne III, OI, SIII, ArIV...)
but no WR lines! (consistent with # expected in dwarf 
galaxy)

Thöne et al. 2015, MNRAS 451, L65



metallicity 0.2 Z☉

EW H!/H", He I, Balmer lines up to H16, 
no Balmer break, large UV upturn
⇒ 3 - 5Myr 

detection with WISE (warm dust? very 
young??)

SP modeling:
Tadpole head had ~2 SF episodes
⇒ galaxy not genuinely young
⇒ very recent starburst made the SLSN?!
    (~60 M☉ star)

PTF12dam - age and SP
Thöne et al. 2015, MNRAS 451, L65



Kinematics rather simple:
no rotation curve
emission line wings suggest a 
second, broader component

Host rather isolated, maybe 1-2
neighbours  
⇒ no interaction

PTF12dam - age and SP
Thöne et al. 2015, MNRAS 451, L65
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Fig. 5.— Same as Figure 3 but now with an apparent-magnitude cut applied to both populations in order to compare the samples only
in the regions where both are complete. The cyan curve again shows the median magnitude of the GRB host population near that redshift
(and 1! bootstrap uncertainty), this time only for m < 24.25 mag detections. The dashed and dotted curves show the same property
calculated from MODS/GOODS-N and CANDELS/UDS, respectively. GRB hosts are significantly underluminous as a population at all
redshifts but especially below z < 1.5. The red measurements show our best-fit values for M3.6/(1+z),thresh, a (soft) upper limit for e!cient
GRB production within a host galaxy (Table 1). The solid red curve shows the threshold for a metallicity of log[O/H]=8.94 converted to
luminosity (§3.4).

The contribution of undetected galaxies to the cosmic
star-formation rate in a field survey is fundamentally
uncertain without employing assumptions: extrapolat-
ing luminosity functions or relying on theoretical mod-
els. In contrast, GRBs probe star-formation regardless
of the detectability of their host galaxies. To fairly com-
pare the GRB and field galaxy luminosity distributions,
we trim our samples at an apparent magnitude cut of
m3.6 < 24.25 AB, which corresponds to the complete-
ness limit of both our host-galaxy survey and of MODS,
and examine only the redshift range of 0.5 < z < 3,
since even K-band selected samples cannot be complete
with respect to rest-frame NIR luminosity at higher red-
shifts. (Where relevant we use the aperture-corrected
total magnitudes, not the raw catalog magnitudes.) We
then calculate the median absolute magnitude of the host
galaxy distribution following the same procedure as in
the previous section, and the SFR-weighted median ab-
solute magnitude of the field galaxy sample. For this pur-
pose, within MODS we use the SFRIR+UV column, which
adds UV and 24µm star-formation rates if detected with
Spitzer-MIPS, or otherwise uses an extinction-corrected
UV measurement. For UDS we use the star-formation
rate from the “14a” SED model (which employs the most
flexible star-formation history) and for Ultra-VISTA we
employ the SED-fit star-formation rate estimate. These
median curves are plotted as thick solid blue (GRBs) and

dashed black lines (MODS) in Figure 5. If GRBs were
perfect tracers of the cosmic star-formation rate (that
is, the GRB rate per unit star-formation was a constant
regardless of environmental properties such as metallic-
ity), then the medians of the two distributions would be
statistically consistent with each other at every redshift.
Large di!erences are observed between the actual av-

erage luminosity of our GRB host sample and that of the
(SFR-weighted) field galaxy population at low redshift:
about 1.5 mag (a factor of four) below z ! 1. The devia-
tion gradually narrows with increasing redshift but does
not completely disappear: at redshifts of z = 2 " 3 the
GRB host population is still located in galaxies that are,
on average, about 0.5 mag fainter than what would be
predicted for a strictly uniform tracer.
A more detailed representation of this behavior is

shown in Figure 6, which provides cumulative distribu-
tions for the absolute magnitude of GRB hosts in vari-
ous redshift ranges, compared to the absolute magnitude
distributions weighted by star formation rate of galaxies
in several field surveys. The MODS sample is shown
as the black line and the UDS sample is shown as a
gray line, except in the lowest-redshift bin where we use
COSMOS/Ultra-VISTA. The GRB distribution is heav-
ily weighted towards low-luminosity (low-mass) galaxies
out to at least z ! 1.5, and skewed more weakly towards
higher redshifts.

GRB hosts

Low-mass, low-metallicity, highly 
SF (not all?? change with redshift?)
Do some show WR features?

young stellar populations

GRB 030329 progenitor 1233
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Figure 3. The temporal evolution in V ! H predicted by various models
compared to the ground-based data by Gorosabel et al. (2005) for the host
galaxy (thick solid line, with grey region indicating 1! error bars). The
observed colour has been corrected for Galactic and intrinsic extinction –
the latter assuming the Gorosabel et al. (2005) extinction estimates and a
Small Magellanic Cloud extinction curve. The different model predictions
correspond to star formation histories " = 5 " 107, 108, 2 " 108, 3 "

108, 109, 1010 yr (from the top to bottom panel at an age of #5 " 108 yr).
A population with Z = 0.004, Mgas = 108 M$, f = 0.01 and n(H) = 102,
cm!3 has been assumed throughout. Regardless of the model scenario, the
best-fitting age lies around #100 Myr.

formation episode of duration up to 4 Myr and a standard Salpeter
IMF.

The rest-frame absolute magnitude of the GRB explosion site
is MV606 % !14.8 which indicates a stellar population mass of
#106 M$ (the exact value depends on the actual age and redden-
ing). Our extraction radius (0.1 arcsec) corresponds to 0.28 kpc and
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Figure 4. The V606 ! I814 versus B435 ! V606 colours of the GRB 030329 explosion environment (as in Fig. 2, the filled square and circle represent colours
derived with and without subtraction of the local background) compared to various model populations (lines). The extinction corrections are the same as in
Fig. 2. Left-hand panel: stellar populations with exponentially decreasing SFRs of " = 5 " 106 (thin dashed line), 107 (thin solid line) and 2 " 107 yr (thick
dashed line). All scenarios assume Z = 0.004, Mgas = 107 M$, f = 0.001 and n(H) = 102 cm!3, leading to a best-fitting age of less than 10 Myr. Right-hand
panel: a stellar population with Z = 0.001, but with parameters otherwise identical to the " = 107 yr scenario from the left-hand panel. In this case, the
best-fitting age becomes %15 Myr.

the GRB exploded at the eastern edge of the highest surface bright-
ness region in the starburst (see Fig. 1 and also Sollerman et al.
2005). Hence, it may have occurred in a single very luminous SSC,
or in a complex of several SSCs of more ‘normal’ luminosity.

If the GRB occurred in a single SSC, then the star formation time-
scale (" ) should be close to instantaneous (or have a maximum
" of a few Myr), after which negative feedback associated with
photoionization and stellar winds would have quenched further star
formation. However, our aperture may include more than one SSC
in projection, and their different ages could then mimic a temporally
extended star formation event. In the nearby blue compact galaxy
ESO 338!04, the central 2-kpc starburst is composed of more than
50 young SSCs with ages ranging from new-born to about 40 Myr
(Östlin et al. 2003). If the situation is similar in the host galaxy of
GRB 030329, then the effective star formation time-scale (" ) in our
aperture could be extended up to 10–20 Myr. This uncertainty on
" is the most serious limitation for our method and is directly tied
to the spatial resolution and distance of the target. Below we will
discuss the constraints on the age of the GRB progenitor for various
values of " and other parameters.

The left-hand panel of Fig. 4 shows that the GRB explosion site
can be well fitted by a Z = 0.004, Mgas = 107 M$ population with
a star formation time-scale around " = 107 yr. Contrary to the
case for the overall host galaxy, the age of the GRB environment
appears to be very young – well below 10 Myr (corresponding to
MZAMS > 21 M$). Just as in the case of the host galaxy, the exact
age is uncertain because of the aforementioned effects related to star
formation history and properties of the ionized interstellar medium.
In Fig. 4, three different star formation histories are plotted (" = 5 "

106, 107 and 2 " 107 yr). All of these scenarios provide reasonable
fits to the observed colours of the GRB site, but at slightly different
ages (2–5 Myr).

The variations in the colours predicted by these scenarios at such
early stages of evolution come from the different Lyman continuum
flux densities that these stellar populations produce. While the best-
fitting ages for the GRB environment are systematically lower than

C& 2008 The Authors. Journal compilation C& 2008 RAS, MNRAS 387, 1227–1236
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Figure 1. Top: acquisition images showing position of the 1!! slit for our observations of the GRB 100316D/SN 2010bh explosion site (left) and host galaxy (right).
The images were taken in the g band, with contours indicating g-band brightness. Bottom: emission line fluxes, ratios, and metallicity profiles for our spectra of the
explosion site (left) and host galaxy (right). From top to bottom, these show (a) the H! and [N ii] "6584 line profiles, (b) the H# and [O iii] "5007 line profiles, (c)
the [N ii] "6584/H! ratio, (d) the [O iii] "5007/H# ratio, (e) metallicity determined based on the O3N2 diagnostic calibration of Pettini & Pagel (2004), and (f) SFR
determined based on the H! diagnostic of Kennicutt (1998). On the left, the GRB–SN position is indicated by the solid black vertical line, with errors illustrated by
the gray region. On the right, the observed metallicity (log(O/H) + 12 " 8.2) and SFR ("1.6 M# yr$1) of the GRB–SN are given by the dashed horizontal line in
panels (e) and (f), respectively. In panels (a) and (b), flux is in units of 10$13 erg cm$2 s$1.
(A color version of this figure is available in the online journal.)

to place the properties of the explosion site in the context of the
broad host properties. We discuss the observations and describe
the analysis technique in Section 2. We derive spatially resolved
line fluxes, line ratios, metallicities, and SFRs across the host
galaxy, with a particular focus on the GRB–SN explosion
site in Section 3. Finally, we consider the implications that
these results for our understanding of LGRB host galaxies
and the progenitor population in Section 4. Throughout the
paper we use the standard cosmological parameters H0 =
71 km s$1 Mpc$1, !m = 0.27, and !" = 0.73.

2. OBSERVATIONS AND REDUCTION

On 2010 May 8 UT we obtained a 2400 s spectrum of the
GRB 100316D/SN 2010bh explosion site (hereafter “site”),
using the Low Dispersion Survey Spectrograph (LDSS3) on the
Magellan/Clay 6.5 m telescope at Las Campanas Observatory,

using the 1!! center slit; seeing was 0.!!88 (as measured from
acquisition images in r) and the spectral resolution was 8.5 Å.
A second spectrum was obtained on 2010 May 10 UT for a total
exposure time of 1800 s, with the 1!! blue slit aligned along the
extended bright region of the host galaxy complex (hereafter
“host”); seeing was 0.!!62 (as measured from acquisition images
in i) and the spectral resolution was 9.0 Å. The slit positions
for the “site” and “host” observations are shown in Figure 1
(top left and top right, respectively). As the airmass was low
("1.4–1.5) the impact on the spectra from not observing at the
parallactic angle is expected to be minimal. We also acquired
observations of the spectrophotometric standard stars EG 131
and LTT 3864 (Bessell 1999; Hamuy et al. 1994) for flux
calibration of the “site” and “host” spectra, respectively. All
spectra were taken using the VPH-All grism, and cover the
wavelength range 3800–7200 Å.

2

Östlin et al. 08

Perley et al. 15

Levesque et al. 10



GRB 980425
First GRB-SN ever detected
small spiral (log M = 8.7 M☉) at z=0.008
in HII region next to region with WR features

metallicity 0.44 Z☉

age ~ 5 Myr (30 M☉ progenitor)

WR site most extreme (at higher z would have 
been mistaken as the GRB region!)

Disturbed HI gas (former small merger??)
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Figure 4. H I 21 cm emission from individual (7 km s!1) velocity channels
at 25 arcsec " 18 arcsec resolution. Crosses mark the locations of the
galaxy’s optical centre and the GRB. The outermost positive (solid) contour
is at 2.5! level (7" 1019 cm-2), with each subsequent contour spaced at
intervals of

#
2; the negative (dashed) contours are at !2.5! level. Regions

with offset velocity (see main text) are marked in the channels in which they
appear, following the nomenclature of Table 2.

Table 2. Offset H I regions.

Region RA Dec Channel spread Percentage
(h m s) (d $ $$) (km s!1) mass

a 19 35 6.7 !52 51 04 2553.2–2602.1 12
b 19 35 2.1 !52 51 20 2560.2–2574.2 04
ca 19 35 9.4 !52 49 55 2581.2–2588.2 02
d 19 35 9.0 !52 50 31 2595.2–2602.1 03
e 19 35 3.6 !52 51 07 2623.1–2630.1 02

Note. aRegion c is spatially, not kinematically, offset from the main disc.

a conservative lower limit to the total amount of disturbed gas
in the galaxy, as they only include the mass of regions that are
spatially distinct from the gas undergoing regular rotation and also
only include regions identified in more than one velocity channel.
Summing the mass fractions of the four kinematically disturbed
regions, we find that at least 21 per cent of the H I in ESO 184-G2
appears to not be following the rotation of the main gas disc. The
largest H I region with disturbed kinematics has %12 per cent of the
total H I mass of the galaxy, and is located close to the south-eastern
peak of the main body of the rotating gas. To clearly discern the
presence of the large amount of disturbed H I close to the rotating
disc, we show a position–velocity cut along the major axis of the
galaxy in Fig. 5. This kinematically disturbed H I is centred at an

Figure 5. A position–velocity cut through the 25 arcsec " 18 arcsec spectral
cube along the major axis of the galaxy (PA: %130& east of north). The
angular offset increases from south-east to north-west, with the galaxy centre
at zero angular offset. The outermost contour is at the 3! level (8.4"
1019 cm-2), with each subsequent contour spaced in intervals of

#
2. Fluxes

are measured within a beam centred at each pixel along the p ! v cut. The
faint yellow line indicates the main rotating gas disc.

angular offset of !30 arcsec from the galaxy centre and is clearly
separate from the gradient representing the main rotating gas in
ESO 184-G82.

3 D I S C U S S I O N A N D C O N C L U S I O N S

The GRB host galaxy ESO 184-G82, a barred spiral galaxy, is a
low-luminosity object with LB = 0.05L'

B , but is clearly undergoing
active star formation (Fynbo et al. 2000; Sollerman et al. 2005).
The overall SFR and dust properties of the galaxy are consistent
with those of local dwarf galaxies (Michalowski et al. 2009). The
galaxy has an oxygen abundance of 0.41 solar (Sollerman et al.
2005; Christensen et al. 2008) and a stellar mass of 4.8 " 108 M(
(Michalowski et al. 2014). The HST image of the galaxy shows
that its optical appearance is dominated by several high surface
brightness star-forming regions, especially in the southern spiral
arm of the galaxy. The GRB occurred in one of these H II regions,
whose properties (e.g. SFR, reddening, stellar mass) are similar to
those of other H II regions in the galaxy (Christensen et al. 2008).

We find ESO 184-G82 to be a gas-rich galaxy, with an H I mass
%2.1 times its stellar mass, which is consistent with the above stud-
ies showing ongoing star formation. Its SFR estimates, determined
from H " and U ! V emission, lie in the range 0.25–0.45 M( yr!1

(Sollerman et al. 2005; Christensen et al. 2008; Michalowski et al.
2009; Castro Cerón et al. 2010). The H I mass and SFR of ESO
184-G82 are consistent with the relation between the two quantities
in nearby, H I-selected galaxies (Doyle & Drinkwater 2006). Sim-
ilarly, the sum of the H I and the stellar mass, and the H I 21 cm
velocity width are consistent with the baryonic Tully–Fisher rela-
tion determined for nearby galaxies (Zaritsky et al. 2014). Thus,
ESO 184-G82 appears to be a fairly typical star-forming galaxy,
based on its global H I properties.

However, the unique feature of ESO 184-G82 is a region with
a strong signature of W–R stars located at a projected distance of
%800 pc from the GRB location (Hammer et al. 2006). This very
young (a few Myr) star-forming region is possibly going through
its first episode of star formation (Le Floc’h et al. 2012), with
sSFR % 11.3Gyr!1 (using the SFR estimate from the H " emission;
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GRB 060505
debated GRB: „long“(?) GRB without SN

GRB in major SF region in spiral arm
SSFR 7 M☉/y/L/L*

low metallicity (0.3 Z☉), no extinction 

one of the more „extreme“ regions in the host
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Conclusions
Hosts of CC-SNe are different for some SN types, for others the 
distinction is less clear

Environments of „extreme“ explosions (SLSNe, GRBs do seem to 
be distinctively different
SF triggers might not need extreme events though...

Have to be careful with mixing data of different resolutions

Promising field but need to get to the actual SN site 

Might have to think about other properties or combinations that 
have been neglected so far...


