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Fig. 10. From top to bottom, the stellar population analy-
sis of the H ii regions number 4 (the SLSN region), number 2
(the galaxy centre) and number 5 (the most active region in the
galaxy), respectively. Upper panels show the fit to the observed
spectral energy distributions, while lower panels show the frac-
tion in luminosity of stellar populations with different ages (left)
and their contribution to the total stellar mass (right).

regions 4-7, but these regions are also characterised by a
low metallicity value, see Table 3. Consequently, we infer
that the presence of these young stars is responsible for the

observed lower metallicity in these regions, and that these
young and massive star populations are characterised by
an intrinsically lower metal abundance (< 0.6Z�) than the
entire host, including the progenitor of SLSN 2017egm.

Fig. 11. The luminosity weighted (log) age distribution es-
timated with the STARLIGHT code, following the prescriptions
given in Cid Fernandes et al. (2013).

All H ii regions show a SF peak around 10–15 Myrs. At
that time, a burst of star-formation very likely involved sig-
nificant galaxy. These metal-poor young populations could
very well come from an interaction with the neighbouring
galaxy, leading to compression and shocks of the gas in the
part of the host facing the companion. Possibly, the same
process lead to enhanced star-formation on the Eastern part
of the neighbour galaxy. The slightly “older” regions of this
starburst around the center of NGC 3191 maintain the in-
formation on the burst of star-formation caused by this
gravitational interaction. The SLSN progenitor could be
the first product of this prolonged (few Myr) burst of star-
formation while the recently triggered SF in the western
H ii regions are still too young to actually host any SNe. In
this picture, the star-formation would still be taking place
with older metal-enriched gas, hence still posing a problem
if the SLSN has to be in a metal-poor environment. Such
interactions, however, can also funnel metal-poor H i gas
into the central regions of a galaxy, thereby giving rise to
a SLSN in a metal-rich environment. Another possibility is
transfer of metal-poor gas from the interacting galaxy to
NGC 3191. MCG+08-19-017 is more metal poor but just
at the edge of the suggested SLSN cutoff metallicity of 0.4
solar. Resolved HI data of both galaxies could give some
clues on this scenario.

5. Conclusions

In this work we present IFU data of a large part of the
SLSN-2017egm host galaxy, NGC 3191, which is the clos-
est SLSN discovered to date. NGC 3191 is a large spiral
galaxy with an integrated stellar mass of M⇤ = 1010.7M�.
The galaxy has an average metallicity of ⇠ 0.6 Z�, with
a typical negative gradient distribution towards the ex-
ternal regions, as it is usually found in bright large spi-
rals. However, these galaxies do not represent the canon-
ical hosts for SLSNe Type I, which are usually low-mass
star-bursting dwarf galaxies (Leloudas et al. 2015). The
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Stellar	explosions:	GRBs
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• SLSN-I: very massive stars 

• SLSN-II: luminous IIn SNe? 
(CSM interaction)

• Powered by  
magnetars….?!

• Related to 
FRBs?!

Stellar	explosions:	supernovae

Introduction SN 2016els Models and results Conclusions References

Superluminous supernovae

Gal-Yam, (2012)

• M † ´21 mag.

• 0.01% of the SN population

• CCSNe

• High redshift

• High star formation rate in
their hosts galaxies
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Other luminous SNe and progenitors:

• IIn (interaction with CSM) 

• Ib/c without GRB (stripped envelope stars)



Progenitor	properties	from	the	environment

• Progenitor imaging tricky (anything beyond >50 Mpc): 
infer mass, Z, age from environment 

• Problem1: most GRB hosts far & unresolved:  
<z>= 2.1 -> 8 kpc / arcsec! 

• Problem 2: low-z GRB and SLSN hosts dwarf galaxies

GRB hosts sizes

CCSNe ages and metallicities 5

Figure 3. H↵ EW as a function of age at log(nH/cm3) = 2.0
and log(U) = �2.5 for both single-star (solid lines) and binary-
star models (dashed lines) at increasing metallicities represented
from blue to yellow.

their initial mass we assumed to be spun up so rapidly they
evolve fully mixed over their main sequence lifetimes. This
is discussed in detail in Eldridge et al. (2011) and Eldridge,
Stanway et al. (2017). The mixing significantly extends the
lifetime of massive stars in lower metallicity models and they
avoid a cool red supergiant phase and thus emit more ion-
izing photons than they would otherwise. In contrast, at
metallicities above Z>0.004 H↵ EW is only weakly depen-
dant on metallicity. Thus given the moderate metallicities of
our sample as shown in Figure 1 the shape of our observed
sample distribution in Figure 2 is not strongly a↵ected by
metallicity.

Using our BPASS EW-age relationship and the metal-
licity derived using O3N2 calibration, we estimate the age
separately for SN II and SN Ibc from the H↵ as shown in
Figure 4. As the H↵ EW decreases with increasing age we
are able to simply estimate the age for all SN hosts. Using
only our single-star models most SNe have a progenitor age
6 20Myr, while using the binary models leads to most ages
being above this maximum with ages up to 200Myrs be-
ing possible. We can conclude that binary interactions can
significantly extend CCSN progenitor ages estimated from
H↵ EW. Although even when using the interacting binary
models we note this method of estimating the age is highly
uncertain due to the large scatter in the metallicity calibra-
tion, the sensitivity of the line strength to assumed metallic-
ity, and also the uncertainties associated with the assumed
binary fraction. Therefore, this age estimation should only
be considered as an upper limit (&50 Myr) becuase there
are no Galactic nebular regions that we have calibrated and
verified models of such extreme ages against. Although we
have performed some validation of such old models in Xiao
et al. (2018). In addition, considering that the CCSNe host
in old and di↵used environment, the measured H↵ EW can

 0

 0.5

 1

 1.5

 2

 2.5

 3

 6.6  6.8  7  7.2  7.4  7.6  7.8  8  8.2  8.4

SN II

lo
g(

E
W

[H
α

]/Å
)

log(Age/yr)

Single
Binary

−0.5

 0

 0.5

 1

 1.5

 2

 2.5

 3

 6.6  6.8  7  7.2  7.4  7.6  7.8  8  8.2  8.4

SN Ibc

lo
g(

E
W

[H
α

]/Å
)

log(Age/yr)

Single
Binary

Figure 4. The distribution of H↵ EW with respect to age for
type II (the top panel) and type Ibc (the bottom panel) SNe,
assuming the simple relations described in section 2.3. The black
circles with error bars are for single-star models and red (SN II)
and blue (SN Ibc) dots with error bars for binary-star models.
The errors are due to the uncertainty of observed H↵ EW values
and the variance of ionization parameter from log(U) = -3.5 to
-1.5, at log(nH/cm3) = 2.0.

be more contributed by the underneath stellar populations
rather than the emission nebulae. Therefore, these estimated
ages can be longer than the typical lifetime of HII regions
(up to a few 10 Myrs), and this is consistent with the CCSN
ages of Hakobyan et al. (2017) using completely di↵erent
approach based on the CCSN spatial distribution in their
host galaxies. While in the real galaxies, planetary nebulae
and other sources from x-ray binaries (Woods & Gilfanov
2016) can get into these late ages that are not yet in BPASS
models.

2.4 Distribution of CCSN Hosts in BPT Diagrams

As in Xiao et al. (2018), we use the BPT diagrams first
proposed by Baldwin et al. (1981) as a basis to study the

c� 2017 RAS, MNRAS 000, 1–??

Careful with resolution issues (simulation, Thöne et al. 14)
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GRB hosts - resolved 
and unresolved



• GRB hosts 
z <1, mostly dwarfs (log M < 9 M*) 
z>2 ~10 M*

• lowish metallicity (<0.5 solar)

• high specific SFR

Long	GRB	hosts

Palmerio et al. 2019
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Short	GRB	hosts
• only ~20% early type hosts!

• Many insecure host identifications, 
some revised later 

• Only 4 afterglow spectra so far

• Very few hosts in galaxy clusters

Berger 14

Nugent et al. 20

Fong & Berger 13



Short	vs.	long	hosts
• Short hosts typically more massive

• Less SFR/luminosity

• higher metallicity?!

• Offset ~5x larger  
1.5x normalized to galaxy size

• No correlation with bright  
(=star-forming) regions 
like for long GRB hosts

Berger 2014, Fong et al. 2013

AA52CH02-Berger ARI 30 July 2014 6:55

−16 −17 −18 −19 −20 −21 −22 8.8 9 9.2 9.4 9.6 9.8 10 10.2 10.4 10.6 10.8 11

9.4

9.2

9

8.8

8.6

8.4

8.2

9.2

9

8.8

8.6

8.4

8.28

12
 +

 lo
g(

O
/H

)

12
 +

 lo
g(

O
/H

)

MB (mag) log(M*) –0.32 log(SFR)

PKS ≈ 0.007
PKS ≈ 0.9

8.2 8.4 8.6 8.8 9 9.28
0

0.2

0.4

0.6

0.8

1

FMR (Mannucci et al. 2010)

a b
PK-S ≈ 0.007
PK-S ≈ 0.9

Figure 9
(a) Metallicity as a function of host-galaxy rest-frame B-band luminosity for short GRBs (squares), long GRBs (circles), field galaxies at
similar redshifts to short GRB hosts (stars; Kobulnicky & Kewley 2004), and the Sloan Digital Sky Survey luminosity-metallicity
relation (Tremonti et al. 2004). Short GRB host galaxies have higher metallicities than long GRB hosts, but they closely track the
luminosity-metallicity relation for the field galaxy population (inset). Adapted from Berger (2009). (b) Comparison of short GRB hosts to
the fundamental metallicity relation of star-forming galaxies ( gray line; Mannucci et al. 2010), which uses a combination of stellar mass
and star-formation rate (SFR), log(M ∗) − 0.32 log(SFR). The short GRB hosts follow the relation along a wide span of the combined
stellar mass and star-formation parameter. Abbreviations: FMR, fundamental metallicity relation; K-S, Kolmogorov-Smirnov.

X-ray observations from Swift/XRT. The search yielded a galaxy cluster at z = 0.165, on the basis
of redshift clustering and diffuse X-ray emission, in the field of the short GRB 050911 (BAT-only
position) with a probability of chance coincidence of 0.1–1%. The limit on galaxy clusters in the
fields of the remaining bursts is M ! 5 × 1013 M$ based on the lack of diffuse X-ray emission
(Berger et al. 2007b).

Because the stellar populations in galaxy clusters are systematically older than in field galaxies,
the fraction of short GRBs in clusters can be used as an indicator of the age distribution (Shin &
Berger 2007). At present, the fraction of short GRBs in clusters appears to be ∼10% (Berger et al.
2007b), which is at the low end of the fraction of cosmic stellar mass in clusters of about 10–20%
(Fukugita, Hogan & Peebles 1998; Eke et al. 2005). There is therefore no indication from galaxy
cluster associations for an exceedingly old progenitor population.

6.7. Comparison with the Host Galaxies and Delay Time Distribution
of Type Ia Supernovae
Type Ia SNe result from the thermonuclear explosions of CO white dwarfs that approach the
Chandrasekhar mass in single- or double-degenerate binary systems. Unlike core-collapse SNe,
Type Ia events are found in both early- and late-type galaxies (e.g., van den Bergh 1990, van
den Bergh & Tammann 1991, Li et al. 2011), reflecting the wide range of timescales for the
accretion or merger process that eventually leads to an SN. As a result, the environments and
delay time distribution of Type Ia SNe provide a useful comparison to short GRBs, particularly
in the context of compact object merger progenitors. Mannucci et al. (2005) found that for nearby
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SLSN	hosts

• SLSN-I (mostly) in compact dwarfs with low 
metallicity

• SLSN-II hosts more massive & metal-rich

• 50% SLSN-I are EELGs 
-> more extreme galaxies than GRB hosts?

Leloudas et al. 2015

SLSN host galaxies throughout cosmic time 15
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Figure 8. Evolution of the physical properties of SLSN host galaxies and comparison samples. Symbols are identical to previous figures.
In panel A, we show the evolution of the characteristic luminosity L

? of the B-band luminosity function of blue galaxies, reported in
Faber et al. (2007), Ilbert et al. (2005) and Marchesini et al. (2007) in grey, and several luminosity tracks. In panel B, we show the
evolution of the characteristic mass M? of the mass function from the GAMA (Baldry et al. 2012) and UltraVISTA surveys in grey, and
several mass tracks. These characteristic masses and luminosities are defined where the power-law form of the Schechter function cuts
o↵. The parameter space of the UltraVISTA sample is shown as grey-shaded density plot in all panels. For clarity, measurement errors
are omitted for the comparison samples. They are comparable to those of the SLSN host galaxies.

R band, but only ⇠ 57% were observed in Ks band. The
colour incompleteness is a direct consequence of the di�-
culty to obtain meaningful Ks-band constraints for hosts
fainter than Ks = 23–24 mag. This is supported by the SED
modelling, which always suggests Ks-band magnitudes be-
low this detection limit and colours that are comparable to
the observed colour distribution. If, in the unlikely case, the
hosts without Ks-band observations would have Ks = 23–
24 mag, the colour distribution would span a range from 0.3
to 4.7 mag. Such red colours are in stark contrast to the
observed distribution, the SED modelling, and SN observa-
tions (e.g. Quimby et al. 2011c; Inserra et al. 2013; Lunnan
et al. 2013; Nicholl et al. 2014).

4.4 Physical properties and distribution functions

In the following we take advantage of the full SUSHIES sam-
ple and present distribution functions of the primary diag-
nostics mass and SFR of H-poor and -rich SLSNe host galax-

ies.12 Figures 2, B1 and B2 show the best fit of each host
galaxy and the evolution of the galaxy properties are shown
in Fig. 8. Table 4 lists the model parameters. The evolution
of the ensemble properties are summarised in Table 3.

4.4.1 Stellar mass

The masses of the host galaxies (panel B in Fig. 8), a key di-
agnostic of the SED modelling, extend from 106 to 1010 M�
for both classes of SLSNe. In a singular case, the stellar
mass of a host exceeded 1011.7 M� (SLSN-IIn SN 2006gy).
H-poor SLSNe are preferentially found in galaxies with aver-
age masses of ⇠ 107.9 M� at z = 0.5. At higher redshifts the
average masses gradually increase to ⇠ 108.9 M� at z > 1,
while the dispersion remains constant at 0.65 dex (Table 3).
Using the parametrisation of the mass function in Muzzin

12 We omit discussing the age of the stellar populations and their
attenuation. In particular, the age is notoriously di�cult to mea-
sure accurately and precisely.

c� XXX RAS, MNRAS 000, 1–??
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Faber et al. (2007), Ilbert et al. (2005) and Marchesini et al. (2007) in grey, and several luminosity tracks. In panel B, we show the
evolution of the characteristic mass M? of the mass function from the GAMA (Baldry et al. 2012) and UltraVISTA surveys in grey, and
several mass tracks. These characteristic masses and luminosities are defined where the power-law form of the Schechter function cuts
o↵. The parameter space of the UltraVISTA sample is shown as grey-shaded density plot in all panels. For clarity, measurement errors
are omitted for the comparison samples. They are comparable to those of the SLSN host galaxies.

R band, but only ⇠ 57% were observed in Ks band. The
colour incompleteness is a direct consequence of the di�-
culty to obtain meaningful Ks-band constraints for hosts
fainter than Ks = 23–24 mag. This is supported by the SED
modelling, which always suggests Ks-band magnitudes be-
low this detection limit and colours that are comparable to
the observed colour distribution. If, in the unlikely case, the
hosts without Ks-band observations would have Ks = 23–
24 mag, the colour distribution would span a range from 0.3
to 4.7 mag. Such red colours are in stark contrast to the
observed distribution, the SED modelling, and SN observa-
tions (e.g. Quimby et al. 2011c; Inserra et al. 2013; Lunnan
et al. 2013; Nicholl et al. 2014).

4.4 Physical properties and distribution functions

In the following we take advantage of the full SUSHIES sam-
ple and present distribution functions of the primary diag-
nostics mass and SFR of H-poor and -rich SLSNe host galax-

ies.12 Figures 2, B1 and B2 show the best fit of each host
galaxy and the evolution of the galaxy properties are shown
in Fig. 8. Table 4 lists the model parameters. The evolution
of the ensemble properties are summarised in Table 3.

4.4.1 Stellar mass

The masses of the host galaxies (panel B in Fig. 8), a key di-
agnostic of the SED modelling, extend from 106 to 1010 M�
for both classes of SLSNe. In a singular case, the stellar
mass of a host exceeded 1011.7 M� (SLSN-IIn SN 2006gy).
H-poor SLSNe are preferentially found in galaxies with aver-
age masses of ⇠ 107.9 M� at z = 0.5. At higher redshifts the
average masses gradually increase to ⇠ 108.9 M� at z > 1,
while the dispersion remains constant at 0.65 dex (Table 3).
Using the parametrisation of the mass function in Muzzin

12 We omit discussing the age of the stellar populations and their
attenuation. In particular, the age is notoriously di�cult to mea-
sure accurately and precisely.
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In panel A, we show the evolution of the characteristic luminosity L

? of the B-band luminosity function of blue galaxies, reported in
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R band, but only ⇠ 57% were observed in Ks band. The
colour incompleteness is a direct consequence of the di�-
culty to obtain meaningful Ks-band constraints for hosts
fainter than Ks = 23–24 mag. This is supported by the SED
modelling, which always suggests Ks-band magnitudes be-
low this detection limit and colours that are comparable to
the observed colour distribution. If, in the unlikely case, the
hosts without Ks-band observations would have Ks = 23–
24 mag, the colour distribution would span a range from 0.3
to 4.7 mag. Such red colours are in stark contrast to the
observed distribution, the SED modelling, and SN observa-
tions (e.g. Quimby et al. 2011c; Inserra et al. 2013; Lunnan
et al. 2013; Nicholl et al. 2014).

4.4 Physical properties and distribution functions

In the following we take advantage of the full SUSHIES sam-
ple and present distribution functions of the primary diag-
nostics mass and SFR of H-poor and -rich SLSNe host galax-

ies.12 Figures 2, B1 and B2 show the best fit of each host
galaxy and the evolution of the galaxy properties are shown
in Fig. 8. Table 4 lists the model parameters. The evolution
of the ensemble properties are summarised in Table 3.

4.4.1 Stellar mass

The masses of the host galaxies (panel B in Fig. 8), a key di-
agnostic of the SED modelling, extend from 106 to 1010 M�
for both classes of SLSNe. In a singular case, the stellar
mass of a host exceeded 1011.7 M� (SLSN-IIn SN 2006gy).
H-poor SLSNe are preferentially found in galaxies with aver-
age masses of ⇠ 107.9 M� at z = 0.5. At higher redshifts the
average masses gradually increase to ⇠ 108.9 M� at z > 1,
while the dispersion remains constant at 0.65 dex (Table 3).
Using the parametrisation of the mass function in Muzzin

12 We omit discussing the age of the stellar populations and their
attenuation. In particular, the age is notoriously di�cult to mea-
sure accurately and precisely.

c� XXX RAS, MNRAS 000, 1–??
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Long	GRB	vs.	SLSN	hosts
• SLSN hosts more metal poor and less mass than GRB hosts

• Redshift evolution for GRB hosts, not enough data yet for SLSN hosts

• metal poor, young, star-forming dwarfs not overlapping

• GRB site has usually lower metallicity then host, not much difference for 
SLSNe?
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GRB	hosts	resolved
GRB-SN 980425, dwarf spiral 
(Christensen et al. 08, Krühler et al. 17) 
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Fig. 3. Spaxel BPT diagram for ESO184-G82. The solid line denotes the
ridge line of SDSS galaxies (Brinchmann et al. 2008), whereas the dot-
ted line represents the z = 0 classification line between star formation
and AGN ionization (Kewley et al. 2013). The explosion site, a galaxy
average (including all spaxels), and an H ii-region average (including
only spaxels with EWH↵ > 10 Å) are indicated.

Fig. 4. Reconstructed images from the MUSE data cube. Each panel
shows the host of GRB 980425 in a di↵erent nebular line. Top left:
H↵. Top right: [O iii](�5007). Bottom left: [S ii](�6731). Bottom right:
[S iii](�9070). All panels are approximately 5500 by 5500, or 10 kpc by
10 kpc at the GRB redshift. The e↵ective spatial resolution is given by
the point spread function (PSF) indicated in the lower left corner of each
image with a full width half maximum (FWHM) of approximately 0.009
or 160 pc.

4.2. Equivalent width maps and stellar population ages

The H↵ equivalent width map, which is a rather direct proxy of
stellar population age, in particular for young stellar populations,
is shown in Fig. 4. The spaxel closest to the SN position has an
H↵ equivalent width of EWH↵ = 98 ± 4 Å. The spaxels within a
radius of 70 pc yield EWH↵ = 92 ± 15 Å.

Assuming a single stellar population from an instantaneous
starburst, this EWH↵ corresponds to stellar population ages

between 5 Myr and 8 Myr2 from various models at metal-
licities of Z = 0.2 Z� (see, e.g., Levesque & Leitherer 2013;
Kuncarayakti et al. 2016, and references therein). The rela-
tively large range in age is almost entirely due to the spread
from di↵erent stellar evolution models or initial mass func-
tions. These ages corresponds to lifetimes of stars with zero-
age main sequence (ZAMS) masses between approximately 25
and 40 M� (Fagotto et al. 1994; Meynet & Maeder 2005). This
is consistent with the ejected oxygen mass of the SN (MO ⇠
5�6 M� evolved from a MZAMS ⇠ 30�40 M� star) derived
through modeling the SN 1998bw nebular spectra (Mazzali et al.
2001; Maeda et al. 2006).

These considerations are only valid, of course, if the progen-
itor was born where it exploded, and was not ejected from the
nearby WR region (Hammer et al. 2006). However, this region is
so young that timing arguments make an ejection scenario quite
contrived: Very high EW values of H↵ and nebular transitions
are observed in the center of the WR region (EWH↵ > 900 Å and
EW[O iii](�5007) > 850 Å)3. Together with the detection of strong
He i(�4922) with an EWHeI(�4922) = 3.5 ± 0.2 Å, they ascertain
population ages younger than 3 Myr (see also Appendix A) in
instantaneous starburst models, or MZAMS & 60 M� (see, e.g.,
Thöne et al. 2015, and references therein for a similar case). The
discrepancy with respect to the progenitor mass from SN model-
ing (e.g., Mazzali et al. 2001; Maeda et al. 2006) then suggests
that the GRB progenitor was indeed not born in the WR region,
but rather formed in situ.

To travel to the explosion site in less time than the age of
the WR region (<3 Myr), the progenitor would require very high
peculiar velocities v of v > 260 km s�1. This is again a strict
lower limit, as projection e↵ects further increase the necessary
velocities. Scenarios that are believed to give rise to these kinds
of massive runaway stars are dynamical few-body encounters or
binary supernovae, but both seem unfeasible here. A dynamical
ejection produces hyper-velocity stars in only very rare and ex-
treme cases (Hoogerwerf et al. 2001; Perets & Šubr 2012), and
the probability of potential GRB progenitors (MZAMS & 20 M�)
receiving velocity kicks of >200 km s�1 from a companion SN
is also practically zero (Eldridge et al. 2011). This makes a bi-
nary supernova origin highly implausible as there simply would
not be enough time to evolve and explode the primary and eject
the secondary to a distance &860 pc. Also the fraction of stars
ejected by dynamical encounters is of course a function of the
elapsed time after starburst, and reaches only 0.01 or 0.03 at
1 Myr or 3 Myr at MZAMS ⇠ 35 M� (Banerjee et al. 2012), again
leaving little time for the ejected star to travel as far as 860 pc
(or further).

Given the presence of massive stars in the vicinity of the SN
position (Fynbo et al. 2000), the substantial level of recent star
formation, as evidenced by high EWs of nebular lines at the SN
position (Fig. 4), and the consistency between MZAMS derived
from the age of the stellar population and the SN 1998bw neb-
ular spectra, we see no compelling reason to invoke an artificial
ejection from the nearby H ii region to explain the GRB location
within its host.

2 Constraints from other, age-sensitive lines, such as H� or He i
(González Delgado et al. 1999), and the stellar continuum (Ap-
pendix A) generally agree with this age range.
3 These are strictly lower limits. The fact that the compact WR region
is convolved with the seeing-introduced spatial scale of ⇠0.009 leads to a
smoothed EW distribution. In fact, archival VLT spectroscopy discussed
in the Appendix were taken under significantly better atmospheric con-
ditions and yield EW[O iii](�5007) ⇠ 2000 Å (Appendix A).
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Figure 8. The left panel shows the SFR distribution in the GRB 100316D host galaxy created through the H↵ flux diagnostic (Kennicutt 1989), while the right
panel shows the specific SFR obtained by weighting the SFR map and the rest-frame B-luminosity map, applying the same method described in Christensen
et al. (2004). The GRB location is shown as a yellow (left) and as a black cross (right), respectively. The area of one spaxel is 0.014 arcsec2 (pixel dimension
0.11700 ⇥ 0.11700)

expected for long GRBs (Blanchard et al. 2016). At the GRB site
we find a luminosity-weighted specific SFR of sSFR = 0.38 ± 0.01
M�yr�1/(L/L⇤), which is similar to values obtained for other low-
redshift GRB hosts (Gorosabel et al. 2005; Sollerman et al. 2005;
Christensen et al. 2008) and a bit higher than the values obtained
for generic field galaxies (Christensen et al. 2004).

3.5 Stellar age

The age of the stellar-population at the GRB site is an indirect mea-
sure to constrain the mass of the progenitor star of the GRB. We
estimated the stellar age by using the underlying stellar absorption
observed in the brightest Balmer lines, see Fig. 5, by using evolu-
tionary stellar population synthesis codes, and assuming an initial
Salpeter initial mass function (IMF) from 1 to 80 M� . In the case
of an instantaneous burst of star formation, it is possible to estimate
the age of the underlying stellar population following the analysis
presented in González Delgado et al. (1999). To measure the EW
of the stellar absorption, we fitted the data with a three-component
model: 1) a power-law function for the galaxy continuum; 2) a
Lorentzian profile function for the stellar absorption; 3) a Gaussian
for the nebular emission line of the H�. With this model, we have
measured an equivalent width of the H� absorption for the GRB
region (EWH�abs = 5.7Å), that corresponds to an age of 20-30
Myr assuming a metallicity in between Z = 0.02 and Z = 0.001 (the
model used does not provide estimates for Z = 0.004). We obtain
similar values for the nearby H �� 1-2 regions, where the EW = 5.6-
5.7 Å. We also note that these values are in agreement and with the
recent results obtained for the stellar population in the host galaxy
of GRB 980425 associated with SN 1998bw, (Krühler et al. 2017).

An additional check of the previous result is provided by the
nebular He � lines: in the case of star-formation bursts older than
5 Myr, He � lines are not observed in emission (González Delgado
et al. 1999). When these lines are clearly detected, the ratio between
the EW of He � lines with respect to H� provides an estimate for

the stellar age. We clearly observe He � � 4922 in the spectrum of
H ��-1 region, while it is marginally detected in the H ��-2 and the
GRB region spectra. Following the results of González Delgado
et al. (1999), the ratio of He � � 4922 to H� provides a younger
stellar age of 5 ± 1 Myr for the H ��-1 region (EWHe � = 0.9 Å ),
in the case of an instantaneous burst of star-formation. This result
suggests that GRB 100316D was located in the region of the host
with the youngest stellar age. In the following, given the absence of
the He � �4922 in the GRB region spectrum, we will consider this
value of 20-30 Myr as the age for the stellar population at the GRB
site, although a younger value for the age cannot be completely
ruled out.

Assuming instead a continuous star-formation rate with a con-
stant value of 1 M� yr�1 we obtain a stellar age larger than 30 Myr,
based on the EW for Balmer lines and from He � 4922 Å line.

3.6 Electron density and temperature

The radiation emitted in an H �� region depends on several factors
such as the abundance, ionization, density and temperature of the
gas. We have already provided an estimate of the ionization (see
Sect. 3.3) as well as of the metallicity for each region (see Sect.
3.2). The electron density can be estimated by measuring the ratio
between two lines of the same ion that are sensitive to the e�ects
of collisional de-excitation (Osterbrock & Ferland 2006). The best
estimate is provided by p

3 ions like [O ��] ��3727/29 and [S ��]
��6718/32. As already noted, we could not observe [O ��], so we
relied on the [S ��] doublet. From the observed emission-line inten-
sities, we estimated the local electron densities using an updated
(Proxauf et al. 2014) calibration of the density diagnostic described
in Osterbrock & Ferland (2006), obtaining an average density in
the GRB region of ne ' 100 cm�3. The density at the GRB site
is lower than typical values found in other GRB hosts by Savaglio
et al. (2009): in that work the authors used the [O ��] �� 3727/28
doublet as the density estimator, obtaining density values ranging

MNRAS 000, 1–19 (2015)

GRB-SN 100316D, dwarf 
(Izzo et al. 17)

GRB 060505, SN-less 
(Thöne et al. 14) 

M. Tanga et al.: Probed with VLT/MUSE

Fig. 7: A host galaxy oxygen abundance map at the location of
the radio transient associated with GRB 111005A. The metal-
licity was derived using the diagnostic from Dopita et al. (2016).
The position of the radio afterglow is marked with a black circle.
The size of the region shown is the same as for Figs. 5 and 6.

ger. The radio afterglow was close to (but not at) the centre of the
galaxy ESO 580-49 at z = 0.0133, and using conservative esti-
mates on the probability that the GRB, the radio transient and the
low-redshift galaxy are unrelated, we find that their association
is credible. The lack of any evidence for AGN emission from the
position of the galaxy on the BPT diagram (Fig. 4) rules out that
an AGN produced the radio emission, further strengthening the
association between the radio transient and GRB 111005A. This
makes GRB 111005A the second closest GRB ever detected.

Long duration GRBs are expected to be followed by a su-
pernova but observations with GROND, VLBA and Spitzer con-
firm the lack of a luminous supernova associated with this GRB.
Even when accounting for a significant amount of dust along the
sightline (our best estimate is AV ⇠ 2 mag from Section 3.4.3),
we find that any SN associated to GRB 111005A is fainter than
SN1998bw by at least 3 magnitudes in the r-band and 4 mag-
nitudes in the K-band. These deep limits imply that the 56

Ni

mass synthesized in any SN explosion must be less than 10�3

M�, and thus several orders of magnitudes lower than in regular
GRB/SNe (e.g., Mazzali et al. 2017).

We thus conclude, in a similar way to Michałowski et al.
(2016), that GRB 111005A is a low-z, SN-less GRB, similar to
GRB 060505 (z = 0.089) and GRB 060614 (z = 0.125) (e.g.,
Fynbo et al. 2006), but at a much closer distance, and with an un-
ambiguous long GRB classification from the prompt emission.

The question that immediately arises is thus: Which progen-
itor scenario is able to account for a temporally-long GRB, but
which lacks the supernova that is expected to arise simultane-
ously? It has been suggested that GRB 060505 and GRB 060614
could result from the direct collapse of a massive star to a black
hole (e.g., Fynbo et al. 2006), or from a central engine that lives
long enough to feed the GRB, but that does not involve a mas-
sive star (e.g., Gal-Yam et al. 2006). A further window into un-
derstanding the nature of these GRBs is provided by studying
their host galaxies (e.g., Thöne et al. 2008, 2014). In contrast to
the two examples from 2006, GRB 111005A is close enough to
resolve H ii-regions from the ground with modern integral-field

spectrographs, and we can thus study here its environment in
exquisite detail.3

4.2. The host galaxy in context

The global properties of long GRB host galaxies have shown
them to be young, star-forming galaxies deficient in metals,
strengthening the evidence that GRBs are associated with metal-
poor massive stars, which is apparently necessary to produce a
GRB from a core-collapse event. In contrast to this, we find that
the host of GRB 111005A is a moderately star-forming, rela-
tively metal-rich and dusty galaxy, and thus at odds with the
general population of GRB hosts and the requirement of GRB
progenitors. Our MUSE-IFU observations provide one of the
best-resolved studies of a GRB host and the GRB environment
so far, and although we are limited in our resolution along the
radial-axis due to the edge-on orientation of the galaxy, it is still
possible to resolve individual H ii-regions. From these data we
thus find that the GRB is not located within a region of ongoing
star-formation, and its immediate environment has a near solar
metallicity within the nearest H ii-region to the radio afterglow
(Figs. 5 and 7). Although the absolute metallicity at the location
of the GRB is somewhat uncertain due to the edge-on orienta-
tion of the galaxy, the lack of ongoing star formation is a robust
result. The likelihood, that there is a region of star formation at
the GRB position that is unseen due to dust extinction is small
given the sensitivity of our data and the dust distribution that we
measure (see Fig. 6 and section 3.4.3).

From nebular line emission maps produced from the MUSE
datacube, we find that there is no H ii-region within 300 pc of the
transient position, and even this ‘nearby’ H ii-region is far less
star-forming than the H ii-region associated with GRB 980425
(Fig. 5). It is also in stark contrast with other nearby, long GRBs,
that are almost exclusively found in the UV-brightest region of
their host galaxies (Fruchter et al. 2006; Blanchard et al. 2016;
Lyman et al. 2017), as expected if long GRBs are produced from
the core collapse of a massive star.

At the location of the radio afterglow there is no detectable
emission from [O iii], as would be expected from a very young
stellar population. The H↵ emission at the GRB position is
also relatively weak, and the measured small equivalent width
EWH↵ = 16±2 Å implies an underlying stellar population that is
older than approximately 10 Myr (Kuncarayakti et al. 2016, and
references therein). The age limit for the stellar population then
implies a maximum progenitor mass of around MZAMS < 15 M�
(Meynet & Maeder 2000). The combination of solar metallicity
and small H↵ equivalent width at the GRB position are in firm
contradiction with the requirements of conventional single-star
core-collapse GRB progenitor models. Although the properties
of the GRB nearby environment and the mass constraints on the
progenitor are similar to those of collapsar supernovae of Type
II-p (Heger et al. 2003), unlike GRB-SNe progenitors of Type
II-p keep their hydrogen envelope and its presence is seen in SN
spectra.

4.3. The progenitor properties of GRB 111005A

The host galaxy observations of GRB 111005A presented here
provide very stringent constraints on the properties of the pro-

3 Niino et al. (2015) argue that a FWHM of less than 500 ⇥ 500 pc2 is
required to measure a metallicity that is representative of the transient
environment. In the case of GRB 060505 and GRB 060614, equivalent
MUSE data would provide a resolution larger than 1 kpc2.
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GRB 111005A, SN-less 
(Michalowski et al. 17, Tanga et al. 17)

With modest velocities and long delay times these may be
indistinguishable from field systems based on their locations,
although it may be possible to distinguish field and
dynamically formed binaries based on their intrinsic properties
(masses, spins, etc.) measured from the gravitational waves
themselves (e.g., Farr et al. 2017; Stevenson et al. 2017; Zevin
et al. 2017).

The absence of any significant young population within the
galaxy, or of young stars underneath the burst position,
suggests that the progenitor of GW170817 was likely old
( 109� years). This old age is consistent with the ages of Milky
Way double neutron star systems (e.g., Tauris et al. 2017).
However, rapidly merging systems are observationally selected
against (because they merge quickly, the time when they are
detectable is short), and some population syntheses suggest that
a significant fraction could have very short delay times if the
progenitor of the second-born neutron star either enters a
second common envelope phase after the helium main
sequence (Dewi & Pols 2003) or stably transfers a significant

amount of mass that is then lost from the binary (e.g.,
Belczynski et al. 2006; Eldridge & Stanway 2016; van den
Heuvel et al. 2017).
The delay times for some of these models are 106_ years or

less (Belczynski et al. 2006), and so binaries could not travel
far from their birth location. The absence of any underlying
cluster or point source close to the transient position can
therefore offer information on the likelihood of a very short
delay progenitor. First, it is unlikely that a low-mass cluster
would be present close to the transient position without other
signs of star formation more widely distributed in the host
galaxy. Second, such a low-mass cluster would be unlikely to
form many massive stars. For a typical initial mass function
(e.g., Kroupa & Weidner 2003), a 1000 M: cluster would be
expected to form ∼10 stars capable of forming supernovae.
Since 101 merging binary neutron stars are expected to form
per million solar masses of star formation (Abadie et al. 2010),
the probability of obtaining such a binary from a single low-
mass star-forming region is very small.

Figure 3. Voronoi binned stellar population property maps of NGC4993 from our stellar continuum fitting. Top row: stellar velocity offset relative to the galaxy
nucleus (left), stellar velocity dispersion (middle), and visual extinction (right). Bottom row: the flux contribution to the best-fit continuum model for young (left),
intermediate (middle), and old (right) stellar populations; the age divisions are indicated on the respective color bars. The galaxy nucleus and transient locations are
indicated by cross and star symbols, respectively. North is up, east is left, and the linear scale at a distance of 40Mpc is shown. Maps are overlaid on a collapsed view
of the MUSE data cube. Masks (gray circles) have been applied around the transient and a foreground star.
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GRB 170817, short, elliptical 
(Levan et al. 17)

GRB 050709, short, dwarf 
(Nicuesa-Guelbenzu et al. 21)



GRB	171205A
• Grand-design spiral, 163 Mpc

• High SSFR, low Z, low age at GRB site, but otherwise not too special

• no SF trigger indication from (optical) rotation field
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GRB	host	kinematics
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• Only some low-z GRB hosts show 
a disk-like rotation, some double 
components (mergers??)

• Powerful winds/outflows 
correlated with SF

• Still lacking studies for SLSN hosts 



Resolved	SLSN	hosts
PTF12dam:  A very young stellar population

Cikota et al. 2017

OSIRIS (slit) HST

L. Izzo et al.: The host galaxy of SLSN 2017egm

Region Hbeta [O iii] 5007 [N ii] 6550 Halpha [N ii] 6586 [S ii] 6718 [S ii] 6732 EW(H↵)
H ii-1 1.63±0.05 0.61±0.04 0.80±0.04 6.70±0.10 2.39±0.06 1.13±0.04 0.78±0.04 42.4
H ii-2 2.52±0.11 0.61±0.10 1.46±0.17 11.45±0.27 4.12±0.16 1.72±0.0.11 1.25±0.14 21.0
H ii-3 2.41±0.08 0.58±0.05 1.08±0.05 10.13±0.25 3.29±0.09 1.48±0.04 1.05±0.06 41.9
H ii-4 1.71±0.05 1.24±0.04 0.59±0.12 6.61±0.15 1.87±0.04 1.08±0.02 0.74±0.02 104.9
H ii-5 14.67±0.06 14.83±0.31 4.79±0.12 52.10±0.80 14.02±0.25 7.72±1.42 5.81±0.13 189.4
H ii-6 1.39±0.03 1.38±0.03 0.44±0.02 4.64±0.06 1.32±0.03 0.80±0.02 0.56±0.01 166.4
H ii-7 7.55±0.21 8.10±0.20 2.37±0.08 27.34±0.61 8.00±0.15 4.26±0.08 3.13±0.08 139.3

Table 2. Energy fluxes (in units of 10�15 erg/cm2/s) measured for the main emission lines identified in each H ii region spectra.

Fig. 4. Left panel : SFR map of the galaxy for the two fields covered by the PMAS observations, computed using the Kennicutt
(1989) diagnostic. Right panel : The specific SFR obtained by weighting the SFR map and the rest-frame B-luminosity map,
applying the same method described in Christensen et al. (2004). The dimensions of each spaxel have been interpolated in the
figure, showing elements of 0.25⇥ 0.25 arcsec. The SLSN position is marked with a white cross.

Fig. 5. Metallicity map obtained from MaNGA data using the
N2 indicator as given by Marino et al. (2013).

centre of the galaxy (see Table 3). [S ii] lines, in addition
to other methods, have been also used for estimating the
electron density and temperatures of the gas in H ii regions:
in general we find electron density values (⇠ 100 cm�3)
and temperatures (Te ⇠ 10000 K) typical of H ii regions,
although for the central regions we observe lower values
(Te,2 ⇠ 7500 K).

4. Stellar populations and kinematics shaped by an

interaction with its neighbour?

NGC 3191 is not an isolated galaxy. It has a companion,
MCG+08-19-017, at a projected distance of ⇠ 45 kpc (be-
tween the galaxy centres) and a radial velocity difference
of only ⇠ 200 km/s. A colour picture of the two galaxies
is show in Fig. 7. We analyse the SDSS data of this galaxy
which cover a 300 region around the centre. MCG+08-19-
017 has a low SFR of 0.15 M� yr�1 and an older stellar
population as shown by a low H↵ EW of only 21 Å and
a significant stellar absorption component in the H� line
(EW of 6.3 Å). However, the metallicity is lower than that
of NGC 3191 with a value of ⇠ 0.4 solar using the calibra-
tions of Marino et al. (2013)4. No IFU data are available
for the companion.

The somewhat disturbed morphology of NGC 3191 sug-
gests that the two galaxies could have had interacted gravi-
tationaly, which would explain the observed distribution of
SFR and metallicity in NGC 3191. In fact, MCG+08-19-
017 also shows more intense star-formation on its Eastern
side, in the direction towards NGC 3191, hence suggesting
that some near pass-by of the two galaxies could have com-
pressed gas in both on their respective sides of the closest
encounter. In order to investigate the kinematics in NGC
3191, we use the observations available from the MaNGA
survey. In Fig. 8 we plot the velocity field determined from
fitting the H↵ line with a Gaussian and taking the peak

4 The SDSS spectrum of the galaxy companion can
be found at https://dr12.sdss.org/spectrumDetail?mjd=
52614&fiber=505&plateid=944
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Fig. 10. From top to bottom, the stellar population analy-
sis of the H ii regions number 4 (the SLSN region), number 2
(the galaxy centre) and number 5 (the most active region in the
galaxy), respectively. Upper panels show the fit to the observed
spectral energy distributions, while lower panels show the frac-
tion in luminosity of stellar populations with different ages (left)
and their contribution to the total stellar mass (right).

regions 4-7, but these regions are also characterised by a
low metallicity value, see Table 3. Consequently, we infer
that the presence of these young stars is responsible for the

observed lower metallicity in these regions, and that these
young and massive star populations are characterised by
an intrinsically lower metal abundance (< 0.6Z�) than the
entire host, including the progenitor of SLSN 2017egm.

Fig. 11. The luminosity weighted (log) age distribution es-
timated with the STARLIGHT code, following the prescriptions
given in Cid Fernandes et al. (2013).

All H ii regions show a SF peak around 10–15 Myrs. At
that time, a burst of star-formation very likely involved sig-
nificant galaxy. These metal-poor young populations could
very well come from an interaction with the neighbouring
galaxy, leading to compression and shocks of the gas in the
part of the host facing the companion. Possibly, the same
process lead to enhanced star-formation on the Eastern part
of the neighbour galaxy. The slightly “older” regions of this
starburst around the center of NGC 3191 maintain the in-
formation on the burst of star-formation caused by this
gravitational interaction. The SLSN progenitor could be
the first product of this prolonged (few Myr) burst of star-
formation while the recently triggered SF in the western
H ii regions are still too young to actually host any SNe. In
this picture, the star-formation would still be taking place
with older metal-enriched gas, hence still posing a problem
if the SLSN has to be in a metal-poor environment. Such
interactions, however, can also funnel metal-poor H i gas
into the central regions of a galaxy, thereby giving rise to
a SLSN in a metal-rich environment. Another possibility is
transfer of metal-poor gas from the interacting galaxy to
NGC 3191. MCG+08-19-017 is more metal poor but just
at the edge of the suggested SLSN cutoff metallicity of 0.4
solar. Resolved HI data of both galaxies could give some
clues on this scenario.

5. Conclusions

In this work we present IFU data of a large part of the
SLSN-2017egm host galaxy, NGC 3191, which is the clos-
est SLSN discovered to date. NGC 3191 is a large spiral
galaxy with an integrated stellar mass of M⇤ = 1010.7M�.
The galaxy has an average metallicity of ⇠ 0.6 Z�, with
a typical negative gradient distribution towards the ex-
ternal regions, as it is usually found in bright large spi-
rals. However, these galaxies do not represent the canon-
ical hosts for SLSNe Type I, which are usually low-mass
star-bursting dwarf galaxies (Leloudas et al. 2015). The
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galaxy, leading to compression and shocks of the gas in the
part of the host facing the companion. Possibly, the same
process lead to enhanced star-formation on the Eastern part
of the neighbour galaxy. The slightly “older” regions of this
starburst around the center of NGC 3191 maintain the in-
formation on the burst of star-formation caused by this
gravitational interaction. The SLSN progenitor could be
the first product of this prolonged (few Myr) burst of star-
formation while the recently triggered SF in the western
H ii regions are still too young to actually host any SNe. In
this picture, the star-formation would still be taking place
with older metal-enriched gas, hence still posing a problem
if the SLSN has to be in a metal-poor environment. Such
interactions, however, can also funnel metal-poor H i gas
into the central regions of a galaxy, thereby giving rise to
a SLSN in a metal-rich environment. Another possibility is
transfer of metal-poor gas from the interacting galaxy to
NGC 3191. MCG+08-19-017 is more metal poor but just
at the edge of the suggested SLSN cutoff metallicity of 0.4
solar. Resolved HI data of both galaxies could give some
clues on this scenario.

5. Conclusions

In this work we present IFU data of a large part of the
SLSN-2017egm host galaxy, NGC 3191, which is the clos-
est SLSN discovered to date. NGC 3191 is a large spiral
galaxy with an integrated stellar mass of M⇤ = 1010.7M�.
The galaxy has an average metallicity of ⇠ 0.6 Z�, with
a typical negative gradient distribution towards the ex-
ternal regions, as it is usually found in bright large spi-
rals. However, these galaxies do not represent the canon-
ical hosts for SLSNe Type I, which are usually low-mass
star-bursting dwarf galaxies (Leloudas et al. 2015). The
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Influence	of	the	environment?

GRB 120422A
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• Ideal with MUSE (large FOV)

• GRBs: Only 2/11 have a nearby galaxy, only one obviously interacting

• SLSN hosts: ~50 % have a neighbour at +/- 300 km/s
PTF11hrq

PTF10qaf

Ørum et al 2020 (HST): 
~50% of SLSN hosts have an object  
within 5kpc 
Only ~25% for GRB hosts
Smaller offsets for SLSN hosts

Thöne et al. in prep.



Short	GRB	130603B
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• Late type (tidally disturbed?) host

• SFR ~4.8 M⨀/y, Z~0.5 solar (GRB site)

• Both old and young 
(<10 Myr) population
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OSIRIS

FORS2

X
sh

Fig. 2. Colour composite based on the HST observations (Tanvir
et al. 2013) in which the positions of the slits of the OSIRIS/GTC,
X-shooter/VLT and FORS/VLT have been marked. North is to the top
and east to the left, the field of view is 2600 ⇥ 2200. The inset shows
a blow-up of the central 600 ⇥ 400, with the position of the afterglow
marked with a circle.

Fig. 3. a) Spectrum of the afterglow of GRB 130603B obtained using
the OSIRIS instrument on the 10.4 m GTC telescope 7.4 h after the
burst onset. The contribution of the host galaxy was subtracted using a
second spectrum, that was obtained 5 days later when the afterglow had
faded away. Panel b) shows this second spectrum of the host galaxy.
Dotted vertical lines indicate the location of some of the absorption
and emission features. Grey vertical bands mark the position of strong
telluric features.

are seen in the clean GTC spectrum with consistent equivalent
widths. In addition, absorptions from Mg i and Na i are also de-
tected at the same redshift. Table 3 displays the equivalent width
values measured for each absorption line in the observer frame.

The X-shooter spectrum had enough spectral resolution to
resolve the features, both in emission and in absorption (see
Fig. 4). The emissions have at least two components at the
line of sight of the GRB, the main one is slightly blueshifted

Table 3. Equivalent widths of the detected species (observer frame) in
our spectra.

Feature X-shooter GTC FORS
EW (Å) EW (Å) EW (Å)

Mg ii �2796 3.8 ± 0.6 4.6 ± 1.6 6.4 ± 0.8
Mg ii �2803 2.3 ± 0.5 3.1 ± 1.3 (blended)
Mg i �2853 1.36 ± 0.20 – 1.5 ± 0.4
Ca ii �3935 2.52 ± 0.18 2.1 ± 0.4 2.3 ± 0.8
Ca ii �3970 1.09 ± 0.12 1.3 ± 0.4 1.4 ± 0.6
Na i �5892 0.53 ± 0.09 – 1.9 ± 0.6
Na i �5898 0.59 ± 0.08 – (blended)

(component II, in Fig. 4, at ⇠�18 km s�1) from the absorption
features (which we identify as component I) and has a full width
half maximum (FWHM) of 92 ± 9 km s�1. A minor emission
component (III) is seen at a velocity of ⇠�120 km s�1.

The absorption features are broad, but a Voigt profile fitting
does not provide significant constraints to the column densities
of the atomic species that create them due to the low signal-
to-noise ratio. The absorbers also seem to show rich dynamics,
with line widths corresponding to velocities of 100–180 km s�1.
Although it is hard to separate the broadening due to saturation
from the one due to dynamics, there seems to be some corre-
lation between the absorption and emission components in the
line of sight of the GRB, pointing to a dynamical origin. We no-
tice that, while the Mg and Ca lines show a broad profile, the
Na i remains unresolved at a resolution of ⇠30 km s�1.

To study the absorption properties, we measure the equiv-
alent widths of each of the features in the di↵erent spectra, as
displayed in Table 3. These absorption features can be com-
pared to the sample of absorption lines in the line of sight of
long GRB spectra (Fynbo et al. 2009; de Ugarte Postigo et al.
2012). A way of doing this is by using the line strength pa-
rameter (LSP; de Ugarte Postigo et al. 2012). With a LSP =
0.20 ± 0.13, GRB 130603B has absorption features that are just
slightly stronger than the average long GRB spectrum, indicating
a dense environment along the line of sight of the GRB. Similar
results are obtained if the comparison with the sample is done
only the Mg lines (LSPMg = 0.25±0.08) or only with the Ca lines
(LSPCa = 0.16 ± 0.08).

3.2. SED fit and extinction analysis

The shape of the continuum in the optical afterglow spectrum
presents a strong curvature due to extinction in the line of sight
to the GRB. Together with the spectrum obtained in X-rays by
Swift/XRT at a similar epoch, the SED can be well fitted (fol-
lowing the method described by Zafar et al. 2011) by a bro-
ken power law with spectral indices of �O = �0.65 ± 0.09 and
�X = �1.15±0.11 (where the flux density relates with frequency
as F⌫ / ⌫�) in the optical and X-rays, respectively (more details
on the fitting method and analysis are given in the Appendix).
These values are consistent with a single synchrotron emission
component (optically thin, with the cooling break between op-
tical and X-rays and an electron energy index of p = 2.3) and
line of sight extinction of AV = 0.86 ± 0.15 mag with an ex-
tinction law consistent with that of the Small Magellanic Cloud.
This relatively high extinction is in agreement with the detection
of Na i absorption, which is known to be correlated with dust
extinction (Poznanski et al. 2012), although with a large scatter
(Phillips et al. 2013).
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Fig. 8. Stellar population fitting of spectra from three di↵erent parts of the host galaxy (using the late GTC data): Top panel: galaxy core, middle
panel: GRB site, bottom panel: opposite side of the galaxy. The left panels show the original spectrum and the best fit SP model over plotted (in
red), the right panels show the light and the mass fraction of populations with di↵erent ages.

we have X-shooter spectra only covering the afterglow position
and with the afterglow dominating the continuum.

In the early FORS spectrum the seeing was good enough to
easily separate the afterglow trace from the rest of the galaxy.
We extracted separate spectra from the core and the disk of the
galaxy at the opposite side of the GRB using the afterglow trace
as reference. The traces have a size of 3 pixels corresponding to
0.7500 or 3.6 kpc. A similar process was done using the second
epoch of OSIRIS/GTC long slit observations. Here we extracted
3 di↵erent traces using the trace from the core as reference at the
GRB position, the core and the opposite side of the galaxy. The
pixel size is basically identical to the FORS spectrograph and
the traces equally cover 3 pixels or ⇠3.6 kpc.

The parts of the galaxy extracted from the late GTC spectrum
and the regions not a↵ected by the afterglow in the FORS spec-
tra were used to perform stellar population fitting to determine
the star-formation history (see Sect. 4.3.2). The emission lines
in the FORS and GTC spectra were furthermore used to anal-
yse the properties of the ISM (see Sect. 3.4.3). As the X-shooter
spectrum is afterglow dominated, its continuum cannot be used
to model the host galaxy, although the emission lines can be used
to determine the gas properties.

3.4.2. Stellar population fitting

We used the spectral synthesis code STARLIGHT1

(Cid Fernandes et al. 2004, 2005). STARLIGHT fits an
observed continuum spectral energy distribution using a com-
bination of the synthesis spectra of di↵erent single stellar
populations (SSPs). We chose for our analysis the SSP spectra
from Bruzual & Charlot (2003), based on the STELIB library
of Le Borgne et al. (2003), Padova 1994 evolutionary tracks and
a Chabrier (Chabrier 2003) IMF between 0.1 and 100 M�. We

1 The STARLIGHT project is supported by the Brazilian agen-
cies CNPq, CAPES and FAPESP and by the France-Brazil
CAPES/COFECUB programme.

used a base containing 4 metallicities (Z = 0.004, 0.008, 0.02
and 0.05) and 40 ages for each metallicity. The age span from
1 Myr up to 14 Gyr.

The STARLIGHT code solves simultaneously for the ages
and relative contributions of the di↵erent SSPs and the average
reddening, providing the complete star formation history (SFH)
extracted from the spectra. The reddening law from Cardelli
et al. (1989) has been used. Prior to the fitting procedure, the
spectra were shifted to the rest frame and re-sampled to a wave-
length interval of 1 Å in the entire wavelength range. Bad pixels
and emission lines were excluded from the final fits.

Figure 8 shows the SP fitting for three regions in the late
GTC spectra (without afterglow contamination). The GRB site
has a large fraction of an older population (>1 Gyr) but also a
small, rather young population. The outer part of the galaxy op-
posite to the GRB regions has a similar age distribution, with an
older population of somewhat lower age, around 100 Myr–1 Gyr.
The SFH of the core is more complex and shows populations of
a wide range of ages.

The stellar population fit also returns the stellar mass of each
of the regions and of the complete host, as shown in Table 6. The
mass of the host galaxy derived this way is smaller than the one
derived from the fit of the photometric SED. This is probably
because the stellar population analysis fits together a range of
SSPs, whereas the photometric fit was obtained assuming only
one SSP. Due to this, we will assume that the mass obtained by
stellar population fitting is the most reliable.

3.4.3. Emission line analysis

We measured the fluxes of the emission lines in the individual
spectra by fitting a Gaussian profile to the lines. The X-shooter
spectrum spans a wide wavelength range, including all strong
emission lines. The grism used for the FORS spectrum cov-
ers all the strong optical emission lines from [O ii]�3727 to
[S ii]�6733 while the GTC spectrum is missing H↵ and red-
der lines. The measured fluxes (not corrected for extinction) are
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Fig. 9. BPT diagram using [N ii]/H↵ and [O iii]/H� in di↵erent parts of
the short burst host as well as a number of other published other long
(dots) and short (squares) GRB hosts (data from the GHostS database:
http://www.grbhosts.org, see text). Grey dots are galaxies from
the SDSS DR9 with a S/N or at least 10 in all emission lines used.
The dashed line represents the separation between normal H ii regions
and AGN dominated emission. Evolution models (e.g. Dopita et al.
2006) roughly indicate increasing metallicity and age as indicated by
the arrows.

as well as SFRs and masses for long and short GRB hosts were
taken from the GHostS database2 (Savaglio et al. 2009).

We plot the di↵erent regions in the “Baldwin, Phillips and
Terlevich” (BPT, Baldwin et al. 1981) diagram (Fig. 9) which
can distinguish between regions ionised by young stars and those
by AGN activity, and compare them to SDSS galaxies as well as
other long and short GRB hosts. The GRB site and the core of
the galaxy occupy regions consistent with average field galaxies
from the SDSS and are distinctively di↵erent from long GRB
hosts (excluding the very extinguished host of GRB 020819).
The region occupied by long GRB hosts hint towards lower ages
and metallicities from evolutionary models (Dopita et al. 2006)
than the values of GRB 130603B.

Furthermore, we compare the metallicity vs. specific star-
formation rate (SFR weighted by the mass of the galaxy)
(Fig. 10) and the mass-metallicity relation (Fig. 11) of the same
long and short bursts to SDSS galaxies. For this we use the value
for the entire galaxy, not of the specific regions, and assume
a metallicity from O3N2 of 12+ log(O/H) = 8.44. The host of
GRB 130603B has a somewhat higher metallicity than expected
for a galaxy of this mass, but also a slightly higher SFR. This
could both be due to a starburst at the time of the tidal inter-
action which is now declining but has already lead to an over-
enrichment with heavier elements. Overall, the properties of the
GRB site di↵er from the typical observations for long GRB pro-
genitor populations, but areconsistent with the typical short GRB
progenitor theory.

4. Conclusions

The detection of absorption lines along the line-of-sight enabled
us for the first time to securely link a prototypical short GRB
to its host galaxy, undoubtedly prove its cosmological origin

2 http://www.grbhosts.org
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Fig. 11. Mass-metallicity relation for long and short GRBs compared
to SDSS DR9 galaxies and the galaxy average for GRB 130603B.
Metallicities were obtained via the O3N2 parameter (Marino et al.
2013), masses from stellar population modelling, data for GRB hosts
are from the GHostS database (see text).

and draw conclusions on the progenitor from its properties (see
also the possible kilonova detection in Tanvir et al. 2013; Berger
et al. 2013a) and those of its immediate environment, which are
consistent with a compact binary progenitor. The star formation
within the host, location of the burst on top of the tidally dis-
rupted arm, strong absorption features and large line of sight ex-
tinction indicate that the GRB progenitor was probably not far
from its birth place, favouring merger models with a short de-
lay time or a low natal kick velocity. GRB 130603B has opened
the door to a new era of detailed studies on short GRBs where
larger samples will reveal more information on the diversity of
their progenitors and establish the di↵erences and analogies with
respect to other cosmic explosions.
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Short	hosts:	GW170817
• S0 galaxy with 1.4x1011 M⨀/y

• hosts an AGN

• dust lanes in [NII], dry merger (?)

• mostly old stellar population

3.3. Evidence for Past Merger and Emission Line Properties

Chandra X-ray observations reveal a compact source
consistent (±0 5) with the nucleus of the galaxy, with a
luminosity (for a photon index of 2( � ) of L 2 10X

39x q erg
s−1 (0.5–8 keV). There is no obvious extended emission
associated with features seen at other wavelengths, although
further point sources in the vicinity may be associated with
NGC 4993. This X-ray emission is most likely due to a weak
active galactic nucleus (AGN), in keeping with a 0.4 mJy radio
detection at 19 GHz (Troja et al. 2017). At large scales the

velocity dispersion within the effective radius within our
MUSE cube is ∼170 km s−1, and this yields a black hole mass
from MBH T� relations (Ferrarese & Merritt 2000; Gültekin
et al. 2009) of M 10BH

8x M:. For this black hole mass the
AGN is only accreting at 10 6_ � of the Eddington luminosity.
Face-on spiral shell-like features can be seen extending to

large radii (∼1′ or 12 kpc) in our HST imaging. Emission line
fits were attempted within the MUSE cube throughout the host
after subtraction of the underlying stellar continuum. Ionized
gas can be seen in spiral arms with a relatively strong
(∼0.8 kpc) bar (see Figures 1 and 4). Notably, these spiral
features seen in nebular emission lines appear with a high ratio
of minor to major axes, suggesting an almost edge-on
alignment. The velocity structure in these edge-on spiral arms
extends to ∼220 km s−1 within the central kiloparsec of the
galaxy, while the stellar components appear to be dominated by
much lower velocities (∼100 km s−1; Figure 3). Furthermore,
the large-scale spiral arms/shells are almost circular (and hence
face-on), while the spiral features seen in emission lines are
near edge-on. The decoupled dynamics of the gas and stars
suggest a relatively recent merger, and that the galaxy has not
yet relaxed. This would also be consistent with the presence of
dust lanes in a quiescent galaxy (e.g., Kaviraj et al. 2012;
Shabala et al. 2012), as seen in our HST optical imaging (see
Figure 1). This recent merger would provide the natural fuel to
power nuclear accretion.
The presence of extended emission lines could imply star

formation in the host galaxy; however, the emission line ratios
are difficult to explain with photoionization from young stars.
We find [N II] 6583M /Hα (and [O III] 5007M /Hβ, where it
could be measured) ratios of ∼1 (Figure 4). Such ratios are

Figure 1. Imaging of the host galaxy of GW170817 with HST. The left panel shows the galaxy observed in the IR with F110W and F160W, where the counterpart is
marked with a circle. The top right panel shows the zoomed-in region observed with WFC3/UVIS, demonstrated the presence of strong dust lanes in the inner regions.
The bottom right panel shows the same image, but with the MUSE contours in the [N II] line superimposed, showing the strong spiral features that only appear in the
emission lines. Some of these features appear to trace the dust lanes.

Table 1
Photometry of NGC 4993

Instrument Band Magnitude (AB)

HST/WFC3 F275W 19.87±0.15
VLT/VIMOS U 14.96±0.01
VLT/VIMOS R 12.13±0.01
VLT/VIMOS z 11.60±0.01
HST/WFC3 F110W 11.27±0.01
HST/WFC3 F160W 10.94±0.01
VLT/HAWK-I K 11.50±0.01
Spitzer/IRAC 3.6 μm 11.81±0.02
Spitzer/IRAC 4.5 μm 12.34±0.02

Note.Photometry has been measured in 1′ apertures centered on the host
galaxy, and bright foreground stars have been masked from the image (except
for F275W where a smaller aperture was used due both to the centrally
concentrated nature of the UV emission and the windowed WFC3 FOV). The
errors given are statistical only. Given the uncertainty introduced by the
masking, and possible low surface brightness features it is reasonable to
assume systematics of ∼0.1 mag. Magnitudes have not been corrected for
foreground extinction.

3

The Astrophysical Journal Letters, 848:L28 (9pp), 2017 October 20 Levan et al.

Observations of a single object cannot provide a delay time
distribution for a binary population, but they do demonstrate on
this occasion that the delay time was large.

The question of the kick velocity is even more difficult to
determine. The space velocity of a binary neutron star relative
to the initial velocity of its center of mass in the galactic
potential is set by the kick imparted at each supernova. Such a
kick has two contributing factors, the natal kick to the neutron
star and the mass-loss kick from the binary. The majority of
binaries are disrupted during one of the supernova events; only

those for which the mass loss is small, and the natal kick is
fortuitous in direction, are likely to survive. For this reason it is
likely that the binary neutron star population has slower
velocities than isolated pulsars, and there is evidence to suggest
this is true (Dewi & Pols 2003).
Once kicked, binaries move in the gravitational potential of

their host galaxy. For high-velocity kicks they may be ejected
completely or move on highly elliptical orbits. For weak kicks,
they may orbit much closer to the galaxy and may oscillate
around the radius at which they were formed. We quantify this

Figure 4. Top: velocity map of ionized gas in NGC4993. Velocities are the offsets of [N II] λ6583 emission. The location of the transient is indicated with a star
symbol. Inset shows an [N II] λ6583 narrowband image constructed from the MUSE data cube. The motion of the “arm”-like features is in the radial velocity plane,
implying they are edge-on. Bottom: emission line ratios in NGC4993. Each point represents a spaxel bin where all the diagnostic lines are detected as a signal-to-
noise ratio of 2� . Dividing lines of Kauffmann et al. (2003; pure star formation, orange dashed), Kewley et al. (2001a; theoretical star formation limit, blue)
and Kewley et al. (2001b; Seyfert vs. LIER, green) are shown. The ionized gas regions in NGC4993 are inconsistent with being driven by star formation (SF) and
are better described as extended LIERs (see Sarzi et al. 2010; Singh et al. 2013). The few bins formally within theoretical SF limits show velocity dispersions

100gasT � kms−1, inconsistent with typical H II regions that show tens ofkms−1. The position of the integrated emission lines (summing all bins) is shown by a
square on each plot.
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With modest velocities and long delay times these may be
indistinguishable from field systems based on their locations,
although it may be possible to distinguish field and
dynamically formed binaries based on their intrinsic properties
(masses, spins, etc.) measured from the gravitational waves
themselves (e.g., Farr et al. 2017; Stevenson et al. 2017; Zevin
et al. 2017).

The absence of any significant young population within the
galaxy, or of young stars underneath the burst position,
suggests that the progenitor of GW170817 was likely old
( 109� years). This old age is consistent with the ages of Milky
Way double neutron star systems (e.g., Tauris et al. 2017).
However, rapidly merging systems are observationally selected
against (because they merge quickly, the time when they are
detectable is short), and some population syntheses suggest that
a significant fraction could have very short delay times if the
progenitor of the second-born neutron star either enters a
second common envelope phase after the helium main
sequence (Dewi & Pols 2003) or stably transfers a significant

amount of mass that is then lost from the binary (e.g.,
Belczynski et al. 2006; Eldridge & Stanway 2016; van den
Heuvel et al. 2017).
The delay times for some of these models are 106_ years or

less (Belczynski et al. 2006), and so binaries could not travel
far from their birth location. The absence of any underlying
cluster or point source close to the transient position can
therefore offer information on the likelihood of a very short
delay progenitor. First, it is unlikely that a low-mass cluster
would be present close to the transient position without other
signs of star formation more widely distributed in the host
galaxy. Second, such a low-mass cluster would be unlikely to
form many massive stars. For a typical initial mass function
(e.g., Kroupa & Weidner 2003), a 1000 M: cluster would be
expected to form ∼10 stars capable of forming supernovae.
Since 101 merging binary neutron stars are expected to form
per million solar masses of star formation (Abadie et al. 2010),
the probability of obtaining such a binary from a single low-
mass star-forming region is very small.

Figure 3. Voronoi binned stellar population property maps of NGC4993 from our stellar continuum fitting. Top row: stellar velocity offset relative to the galaxy
nucleus (left), stellar velocity dispersion (middle), and visual extinction (right). Bottom row: the flux contribution to the best-fit continuum model for young (left),
intermediate (middle), and old (right) stellar populations; the age divisions are indicated on the respective color bars. The galaxy nucleus and transient locations are
indicated by cross and star symbols, respectively. North is up, east is left, and the linear scale at a distance of 40Mpc is shown. Maps are overlaid on a collapsed view
of the MUSE data cube. Masks (gray circles) have been applied around the transient and a foreground star.
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SN progenitors



SN	progenitor	detections
• II-P/IIn least massive

• IIn LBVs?

• Ib/c only candidates (binaries?!)

• rest still elusive

• Indirect determination of the SP

SPs near SN remnants in M83 (Williams et al. 19)

Gal-Yam et al. 2005

14 S. J. Smartt

Figure 6. The progenitor detections are marked with error bars
(data from Table 1 and the limits are marked with arrows (data
from Table 2). The lines are cumulative IMFs with different min-
imum and maximum masses.

The estimated initial masses of the progenitors are
listed in Tables 1 and 2. The masses for the three low-
est luminosity progenitors (SN2003gd, SN2005cs and
SN2009md) are uncertain in the KEPLER models,
as this code does not yet have published endpoints
for stars in the 8-10M! regime. This is a problem-
atic regime in that 2nd dredge up may occur, pushing
the progenitors to higher luminosities than their more
massive counterparts as discussed in Eldridge et al.
(2007); Smartt et al. (2002) and references there in. The
quoted, but uncertain estimates from employing the
KEPLER code are simply the extrapolated differences
from the STARS estimates.
As in Smartt et al. (2009), one can assume that the

progenitors come from a mass function of some slope
and take α = −2.35 as a reliable standard. A maximum
likelihood calculation can produce an estimate of the
most likely lower mass and upper mass of the distribu-
tion, assuming the masses follow a Salpeter function.
For the masses estimated with the STARS (and rotat-

ing Geneva) models, the values determined (using the
same IDL routine as employed in Smartt et al. 2009) are
a minimum mass for the distribution of mmin = 9.5+0.5

−2

and a maximum mass of mmax = 16.5+2.5
−2.5 where the

errors are the 95% confidence limits (see Figure 5). If
we employ the KEPLER models, then the values are
mmin = 10+0.5

−1.5 and a maximum mass of mmax = 18.5+3
−4

(again with 95% confidence limits). These results are il-
lustrated further in Figure 6 where the masses are plot-
ted with a Salpeter IMF (cumulative frequency func-
tion). The plots show that the mass distributions are
comfortably reproduced with a standard IMF between
the lower and upper mass limits from the maximum
likelihood calculations, but they need to be truncated
at the higher mass. If one allows the mass function to
vary up to say 30M!, then the mass distribution cannot
be reproduced. This is the same basic result as shown in
Fig 3 - the population of progenitors is missing the high
mass end of the distribution, but this time the IMF is
quantitatively considered. The maximum likelihood cal-
culation is visualised in this cumulative frequency plot
- given an IMF slope, the line fit should go through the
error bars of the detections and not conflict with any of
the upper limits.
The lower mass limit to produce a core-collapse SN

was estimated in Smartt et al. (2009) to be mmin =
8.5+1.0

−1.5 from the same method and the sample to that
point. Smartt (2009) reviewed the limits from the max-
imum masses of white dwarf progenitors, suggesting a
convergence at mmin = 8± 1. The two values estimated
here slightly higher: the value from the STARS models
is mmin = 9.5+0.5

−2 (integer mass models evolved through
C-burning down to that mass have been calculated)
which is not significantly different to that estimated
previously given the errors. The value from the KE-
PLER models is higher again, at mmin = 10+0.5

−1.5. How-
ever low mass models (7-10M!) are not available from
KEPLER and the values in this luminosity range were
estimated assuming the same differential in luminosity
between KEPLER and STARS models exists between
7-10M!as at 11M! (Figure 4). This is uncertain and the
lower mass from KEPLER should not be treated as a
quantitative estimate : mmin is critically dependent on
the mass estimates for the three lowest luminosity pro-
genitors and if these are adjusted down by ∼1M!then
the value ofmmin = 9.5 would be reproduced. Some fur-
ther quantitative modelling of stars in this interesting
mass range is required to reproduce the stellar luminosi-
ties and produce either a Fe-core collapse or O-Mg-Ne
core that collapses through electron capture. Despite
this uncertainty at the lower end, the existence of a
high mass upper limit for type II SNe appears be secure.
The value is model dependent of course, but the basic
result is that type II progenitors are statistically lacking
above a logL/L!# 5.1 dex. The final model luminosi-

PASA (2015)
doi:10.1017/pas.2015.xxx

Groh et al. 2015

Smartt 2015



SN	2015bh:	a	SN	or	an	impostor?

• Outburst detected in 2013 (not reported) 
second outburst in early 2015

• IIn SN (?) in May 2015

• Outbursts during > 21 years!

• Progenitor a >50 M⦿ LBV?

Thöne et al. 2017
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Stellar outbursts prior to interacting SNe 15

Figure 5. Absolute magnitude precursor light curves in 7-day bins. All SNe are of Type IIn, except for the Type Ibn SN 2019uo (open markers).
If available, we show the r-band light curve, and dotted lines indicate that the g-band light curves are depicted for SN 2018gho, SN 2018kag,
SN 2019bxq, SN 2020edh, and the early detection of SN 2018eru. For clarity, only the most relevant nondetections are displayed. The 2012a
event prior to the likely final explosion of SN 2009ip is shown as a black dashed line for comparison (light curve taken from Margutti et al.
2013, including data from Prieto et al. 2013 and Pastorello et al. 2013).

Figure 6. Color index of precursors observed in the g and r bands. The light curves are binned in 7-day bins and we quote 3� lower or upper
limits instead of detections if the g-band or r-band flux is not significant at the 3� level.

large di↵erence between its magnitude and the limiting mag-
nitude of the bin) may contribute in several magnitude bins.
On the other hand, detections just at the 5� threshold may
not contribute at all, if they fall in between the magnitude

steps5. The resulting rate is cumulative, as we search for
precursors that are brighter than the corresponding magni-
tude threshold. The 95% uncertainty associated with the rate
is calculated using the Wilson binomial confidence interval

5 For example, a precursor detected with an absolute magnitude of �14.2 and
with a limiting magnitude of �14.1 would not count as a detection in the
bin at magnitude �14.25 because it is not bright enough. In the next fainter
bin at a magnitude �14 it also does not contribute because the limiting
magnitude is not sensitive enough.

Strotjohann et al. 21



SN	2015bh:	from	progenitor	to	explosion	(?)
• Serendipitous spectra before 2013 

outburst

• First pre-explosion spectrum since 
1987A!

• log L/L*=6.3, T=10,000K, dense wind 
(Boian&Groh18)

Thöne et al. 2017

A&A proofs: manuscript no. 2015bh_paper_v3

Fig. 2: Panel (a): Optical spectrum of one of our best-fitting models (red) compared to the observed spectrum taken on 12 November
2013 (gray) in the 4300–6700 Å region. See text for model parameters. Panel (b): Zoom-in from 4800 Åto 5400 Å, containing the
H� line and a forest of Fe ii lines. Panel (c) Zoom-in around the H↵ line.
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Fig. 3: Flux-calibrated spectrum of SN2015bh observed on 12 November 2013 (gray) compared to one of our best-fit CMFGEN
models (red). The model has been scaled to a distance of d = 27 Mpc and reddened using E(B-V)= 0.25 and RV = 3.1.

Our CMFGEN models indicate that the bolometric luminosity
of SN2015bh in 12 November 2013 is L? = 2.7 ⇥ 106

L� and
E(B-V)=0.25. The color excess is in remarkable agreement with
the value estimated by Thöne et al. (2017) based on the strength
of interstellar Na lines (E(B-V)=0.21).

The morphology and width of the lines allowed us to de-
termined v1, which we have estimated to be ⇡ 1000 km s�1.
The line profiles also show an asymmetric bump on the left side.
This could indicate a larger v1 or a less clumped wind, since less
clumping would allow for more emission due to electron scatter-
ing.

We have used the strength of the Fe ii lines to determine the
Fe abundance of the SN2015bh progenitor. Our models indi-
cate the progenitor star had about half-solar Fe abundance. It
is interesting to contrast the Fe abundance of SN2015bh to the

O abundance of the surrounding regions of SN2015bh. Thöne
et al. (2017) suggest that the O abundance of the surrounding
regions is half-solar. In principle, there is no reason to expect
that the progenitor of SN2015bh will have the same O abun-
dance as that of its environment. In particular for LBVs, the O
abundance is expected to be severely a↵ected by the presence of
CNO-burning products at the surface (Groh et al. 2009b, 2014).
Unfortunately, the progenitor spectrum analysed here does not
show any strong emission of CNO lines, and therefore the abun-
dance of these elements cannot be constrained using solely the
12 November 2013 spectrum.

The model discussed in this section has X = 0.49 for H and
Y = 0.50 for He . However, we have found that, for di↵erent val-
ues of Ṁ and T?, we can still reasonably fit the observed spec-
trum for H abundances in the range X = 0.25 to X = 0.75. A

Article number, page 4 of 12

Surviving star/SN remnant 
in 2018 (HST) 
M = -5.9 mag

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)

Pre-explosion spectrum + LBV model spectrum



• SN hosts at < 30Mpc with 3+ CC-SNe with IFUs (~48 galaxies)

• Determine massive stellar population

• Lots of legacy value

NGC 6946 („Fireworks galaxy“) Driftscan spectroscopy with OSIRIS/GTC

Project:	Pre-explosion	spectroscopy	
of	SN	prognitors



• Showcase: SN2019ehk & SN2020oi in M100

• SN 2019eh: MUSE data 44h before discovery! 
Hα  P-Cygni: wind or SN?

• SN 2020oi: Ic, progenitor with broad lines 
or small cluster? 
Mabs=-11.5 mag

MUSE Hα HST

Project:	Pre-explosion	spectroscopy	
of	SN	prognitors



GRBs as lighthouses



GRBs	illuminating	their	high-z	ISM
• z = 0 to 9

• Clean synchrotron spectrum, 
absorption lines from ISM (similar to 
QSOs)

• Chemical evolution over large 
range of redshift

• Sometimes rich velocity structure
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GRB	hosts:	abundances	and	distances
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• Metallicity, dust in the host 
and (often) in intervening systems

• e.g. GRB 161023A, z=2.7 
 
9 intervening systems! 
strong dust depletion in component 
closest to the GRB 

de Ugarte Postigo, Thöne et al. 2019,  Thöne et al. 2010



GRB	hosts:	abundances	and	distances
• Fine-structure lines and line variability give distances 

(excitation by the GRB itself)

• Sometimes rich velocity structure

Thöne et al. 2011
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VHE	emission	in	GRBs
• 5(6?) detections at VHE (TeV) with MAGIC/H.E.S.S 

inverse Compton?

• peculiar environments: excited lines of Ti, Fe, HeI

• dense/dusty environment needed to produce UHEs?

Ti fine structure

SED

MAGIC collaboration 2019, Thöne et al. in prep.

DIBs



First	metallicity:	160410A

• X-shooter spectrum 8min post GRB, z=1.7

• Weak absorption lines, no CIV/SiIV, single component

• very low metallicity: [Fe/H] = -2.7

• no dust depletion

• no host galaxy (Mabs > -18.17 mag)

Agüí Fernández, Thöne et al. under rev.

afterglow (host)
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Are	short	GRB	environments	special?	or	not?

• 161004A: Low density environment 
130603B+201221D have average 
environment (compared to lGRBs)

• Are EE-GRB hosts/environments 
different?

Agüí Fernández, Thöne et al. under rev.



Conclusions

• Hosts of different stellar explosions are indeed different

• Depending on the host the immediate environment is most crucial

• Star-formation triggers still largely unknown and might be different 
for different hosts/samples

• Need to get better correlations environment - progenitor in the very 
nearby Universe

• GRBs very interesting as probes of the high-z galaxy ISM, but large 
samples at high-z missing

• Is the ISM in short GRB hosts significantly different? or not?


