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How a conference is born
The idea:
GRBs? hosts? statistical 
samples?
starbursts?!? ...xxx??!?
changing into another field
→ merging the two fields! :-)

The location:
Norway?
Spain?
-> Cabo de Gata

Find a hotel

Annouce it
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Diversity of GRBs&SNe 
GRBs
long (>2s) & short (<2s)
intermediate?
ultra long? ...??!?

Supernovae:
Ia, Ibc, II, IIn/L/P/pec, SLSNe....
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Over the past five years evidence has mounted that long-duration
(>2 s) g-ray bursts (GRBs)—the most luminous of all astronom-
ical explosions—signal the collapse of massive stars in our
Universe. This evidence was originally based on the probable
association of one unusual GRB with a supernova1, but now
includes the association of GRBs with regions of massive star

formation in distant galaxies2,3, the appearance of supernova-like
‘bumps’ in the optical afterglow light curves of several bursts4–6

and lines of freshly synthesized elements in the spectra of a few
X-ray afterglows7. These observations support, but do not yet
conclusively demonstrate, the idea that long-duration GRBs are
associated with the deaths of massive stars, presumably arising
from core collapse. Here we report evidence that a very energetic
supernova (a hypernova) was temporally and spatially coincident
with a GRB at redshift z 5 0.1685. The timing of the supernova
indicates that it exploded within a few days of the GRB, strongly
suggesting that core-collapse events can give rise to GRBs,
thereby favouring the ‘collapsar’ model8,9.
The first GRB associated with an observed supernova event,

SN1998bw, occurred on 25 April 1998 at a redshift of only
z ! 0.0085 (about 37Mpc)1. GRB980425 remains by far the closest

Figure 1 Spectral evolution of the combined optical flux density, f l, of the afterglow of

GRB030329, the associated SN2003dh, and its host galaxy. The details of the

observations are given in Table 1. The upper spectrum is rather well fitted by a power law,

as usually seen in afterglow spectra. The middle spectra show clear deviations from a

power law, similar to SN1998bw at the same phase. The lower spectra, dominated by

SN2003dh, reveal the supernova signatures. For comparison, the spectrum of SN1998bw

after 33 days (ref. 21) is shown (dashed line) shifted to the GRB030329 redshift. All

SN2003dh spectra are presented in observed wavelengths, and no reddening correction

has been applied. Telluric absorption lines have also been left in the spectra. The region

above 9,000 Å is hampered by sky-line emission, but we tentatively identify a broad

feature centred at 10,000 Å that could be due to the supernova. At all epochs we identify

emission lines of [O II] l3,727, Hb, [O III] l4,959 and l5,007 and Ha (Table 2), most

probably from the host galaxy. At the last epoch (May 1) we also identify [Ne III] l3,869,

Hd, Hg, [N II] l6,583 as well as blended lines of He I l3,889 " H8 and [Ne III]

l3,968 " He. From the strengths of the Balmer lines we infer that the extinction in the

host galaxy is small. The metallicity based on the [O II], [O III], and Hb fluxes is [O/H] !
–1.0 (ref. 28). The derived star-formation rate is about 0.2 M( yr21 using either [O II] or

Ha (Table 2). Using the 3j upper limit of R . 22.5 derived for the magnitude of the host

from archival data29, we conclude that the equivalent widths of the emission lines are very

high. The host galaxy is thus an actively star-forming, low-metallicity, dwarf galaxy

and appears to be qualitatively very similar to the host galaxy of GRB980425/SN1998bw

(ref. 30).
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CollapsarMerger

GRBs
He-star merger??

Diversity of GRBs&SNe 
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Supernovae

The Progenitor – SN Map

Red
Supergiant

Type II-PSN 2003gd, SN 2004A, 
SN 2005cs, SN 2008bk

Blue 
Supergiant

SN 1987A
(faint, slow)

?
SN 1987A

Type IIn
(dense CSM)

LBV
( Car) SN 2005gl

?

Type IIL/IIb
(little H)

Late W-R
(WN)

SN 1993J, SN 2008ax?

SN 2002ap, SN 2004gt,    
SN 2007gr (upper limits)

?

?Early W-R
(WC/WO)

Type Ib
(H, He)

Massive
Binaries

Type Ic (He)
GRB/XRF

Based on Gal-Yam et al. 2007; updated 

Diversity of GRBs&SNe 
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Observational methods

3D spectroscopy

The local optical playground

Detecting
GRBs

Swift

SVOM
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GRB&SN hosts in 3D
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The environment

11

Fig. 6.— Similar to Figure 5, but using di!erent metallicity diagnostics; Kewley & Dopita (2002) (KD02) as in Figure 5 (left); McGaugh
(1991) (M91, middle); and Pettini & Pagel (2004) (PP04-O3N2), which is e!ectively on the Te scale, (right). As before, host galaxy
luminosity (MB) and host galaxy metallicity (in terms of oxygen abundance) at the SN site are plotted for nearby broad-lined SN Ic (“SN
Ic (broad)”; blue filled circles) and for broad-lined SN Ic connected with GRBs (“SN (broad & GRB)”; red filled squares). Extra circles
and squares designate SN which were found in a non-targeted fashion. Host environments of GRBs are more metal-poor than environments
of broad-lined SN Ic where no GRB was observed, independent of the abundance scale used. Yellow dots designate the SDSS galaxy values
calculated in the respect metallicity scales.

GRBs with harder gamma-ray spectra have associated
SN that are more luminous. Furthermore, he suggests
that the Epk of the putative GRBs if they occurred in as-
sociation with supernovae 2002ap and 1997ef would have
been located in the UV regime due to the low SN lumi-
nosities and that those GRBs would have had very low
gamma-ray energies (Li 2006). If true, those explosions
would hardly qualify as bona fide “gamma-ray” bursts.
In any case, caution should be exercised when extending
a relationship based on four objects to a range outside
that probed by the data, and future nearby GRB-SN
ought to be used to verify the Epk-MSN correlation of Li
(2006).

Thus, we conclude that observations do not support as-
sociated o!-axis GRBs with six broad-lined SN Ic, while
we cannot exclude the possibility of o!-axis GRBs in the
SDSS-SN of our sample.

6. CONCLUSIONS AND SUMMARY

In this paper we presented spectroscopic data of a sta-
tistically significant set of host galaxies of 12 nearby

(z <0.14) broad-lined SN Ic with no observed GRBs.
Using the galaxy emission-line measurements corrected
for stellar absorption and extinction, we derived cen-
tral oxygen abundances and abundances at the SN
position based on strong-line diagnostics that span
8.5 <12+log(O/H)KD02 <9.1 on the Kewley & Dopita
(2002) scale, 8.5 <12+log(O/H)M91 <8.9 on the
McGaugh (1991) scale, and 8.2 <12+log(O/H)PP04 <8.9
on the Pettini & Pagel (2004) scale, which e!ectively
uses the Te scale. Furthermore, we computed local star
formation rates for central regions, as well as for regions
at the position of the SN, and drew from the literature
the host galaxy B-band luminosities, which range be-
tween !17 < MB < !22 mag. This study, which con-
structed local chemical abundances for the locations of
individual supernovae of type Ic (broad), is the first of
its kind. To our knowledge, a broader application of this
approach to other core-collapse supernovae has not been
carried out.

We compared the properties of our host sample with
the properties of five nearby SN-GRB hosts, for which

The big metallicity question

Stellar population modeling & SF-history

Dust from&around 
SNe/GRBs
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Stars ↔Surroundings

A&A 537, A126 (2012)

Fig. 1. Three-color composite image of I Zw 18 and I Zw 18 C, combining HST ACS data in V , R, and I (blue, green, and red channels, respec-
tively). The position of the SF regions NW and SE is indicated by crosses. The regions labeled “Loop” and “H! arc” were studied through deep
Keck II long slit spectroscopy by Izotov et al. (2001a). The region " at the southeastern tip of I Zw 18 shows comparatively weak nebular emission,
its colors therefore allow meaningful constraints to be placed on the age of the stellar component (Papaderos et al. 2002). In the magnified version
of region NW (inset), combining the unsharp masked images Ic, Rc, and Vc (see Sect. 3 for details), about 30 point sources, surrounded by a
complex network of ionized gas shells are discernible. The irregular blue galaxy I Zw 18 C is located !22"" northwest of region NW (#2 kpc at the
assumed distance of 19 Mpc to I Zw 18). It shows faint nebular emission in its bluer southeastern tip and central star cluster complex C (Izotov
et al. 2001a). North is at the top and east to the left.

by Östlin et al. (1996) who described a horseshoe-shaped rim
of intense (EW(H!)$ 1500 Å) ne encompassing region NW.
This conspicuous EW pattern was later confirmed through HST
WFPC2 data (Papaderos et al. 2001; Izotov et al. 2001a) and,
more impressively, by Vílchez & Iglesias-Páramo (1998) who
were the first to present a 2D spectroscopic study of the chem-
ical abundance patterns of the warm interstellar medium (ISM)
in I Zw 18.

Much less attention has been attracted by the fainter de-
tached C component of I Zw 18 (hereafter I Zw 18 C), located
!22"" northwest of region NW. Dufour et al. (1996a), Petrosian
et al. (1997), Izotov & Thuan (1998a), van Zee et al. (1998) and
Izotov et al. (2001a) have shown it to have the same recession

velocity as the main body, thus establishing its physical associ-
ation to I Zw 18. This was also shown through interferometric
21 cm studies (van Zee et al. 1998; see also Viallefond et al.
1987) which revealed that I Zw 18 and I Zw 18 C are immersed
within a large common HI complex with a projected size of
60"" % 45"" connecting with a >!1" southern tail with no opti-
cal counterpart. The SF activity in I Zw 18 C is known to be
weak with its EW(H!) not exceeding !60 Å along its major axis
(Izotov et al. 2001a, see also van Zee et al. 1998). Despite deep
Keck II spectroscopy, Izotov et al. (2001a) failed to detect oxy-
gen lines, so its oxygen abundance is not known.

Traditionally, the distance to I Zw 18 has been taken to
be 10 Mpc, assuming a pure Hubble flow recessional velocity.

A126, page 2 of 21

3D surveys of nearby galaxies Low-Z galaxies
Which stars do they host?

What do the stars with their hosts?

missing:
supergalactic winds
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GRB&SN hosts
[29] Fong, W., Berger, E., & Fox, D. B., Hubble Space Telescope Observations of Short Gamma-Ray Burst Host

Galaxies: Morphologies, Offsets, and Local Environments, 2010, ApJ, 708, 9

[30] Savaglio, S., Glazebrook, K., & Le Borgne, D., The Galaxy Population Hosting Gamma-Ray Bursts, 2009,

ApJ, 691, 182

Figure 1: (a) Spectrum of the afterglow of GRB 130603B obtained using the OSIRIS instrument on the 10.4 m
GTC telescope 7.4 hr 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 telluric features.

9

Figure 2

25

super-luminous SN hosts: 
similar to GRBs??

long GRB
hosts

short GRB
hosts
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SF galaxies at all redshifts
Lensed high-z galaxies Which class of galaxies

could GRB hosts be?

What triggers 
massive SF??
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SF galaxies in radio/submmThe Astrophysical Journal, 755:85 (11pp), 2012 August 20 Micha!lowski et al.
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Figure 1. Radio contours (blue lines) overlaid on the optical images of the detected GRB hosts. The size of each image depends on the host galaxy size and the
resolution of the radio data: 3! for GRB 980425 (4.8 GHz), 10!! for GRB 021211 (1.43 GHz), and 20!! for GRB 031203 (1.39 GHz). The red circles (with arbitrary
sizes) mark the position of GRBs (optical positions for GRB 980425 and 021211 from Fynbo et al. 2000; Fox et al. 2003; and X-ray position for GRB 031203
from Watson et al. 2004). The contours are 3! , 4! , 6! , 8! , and 10! (see Table 1). North is up and east is left. The optical data are from Sollerman et al. (2005,
GRB 980425), Della Valle et al. (2003, GRB 021211), and Mazzali et al. (2006, GRB 031203).
(A color version of this figure is available in the online journal.)
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Figure 2. Star formation rates (SFRs) as a function of redshift of GRB host
galaxies. Squares and arrows denote SFRs derived from radio detections and
3! upper limits, respectively. Circles denote lower limits on SFRs derived
from the ultraviolet (UV) data. For a given GRB, the radio and UV SFRs
are connected by a dotted line. GRBs are color-coded depending on whether
they belong to the z < 1 TOUGH unbiased subset (red symbols), the
GRB-SN subset (blue symbols), both (green symbols), or none (black symbols).
The right y-axis gives the corresponding infrared luminosity according to
SFR(M" yr#1) = 1.72 $ 10#10LIR(L") (Kennicutt 1998). The three low-
redshift hosts (GRB 980425, 031203, and 060505) are consistent with no dust
attenuation as their SFRradio are similar to SFRUV. On the other hand, huge
dust attenuation must be invoked to explain a very high SFRradio of the host of
GRB 021211. Crosses and plus symbols indicate the 24 µm and UV SFRs of
Lyman break galaxies (LBGs; Basu-Zych et al. 2011) and H" emitters (HAEs;
mean values with standard deviations are shown; Sobral et al. 2009). GRB hosts
are consistent with these populations.
(A color version of this figure is available in the online journal.)

see Section 4.2 of Micha!owski et al. 2009 for discussion
of its applicability to GRB hosts) assuming a radio spectral
index21 " = #0.75 (Condon 1992; Ibar et al. 2010). This
choice of spectral index has relatively small impact on derived
SFRs because our observed 1.4 GHz data probe close to the

21 Defined as F# % #" , i.e., "
#2
#1 = log[F# (#2)/F# (#1)]/ log(#2/#1).

rest-frame 1.4 GHz, at which the flux–SFR conversion is
calibrated. Namely, if we assumed a flat index " = 0, then
we would obtain SFRs & 25%–40% lower at z = 0.5–1. On the
other hand, if we assumed a steeper value " = #1 (or #1.5),
then we would obtain SFRs & 10%–20% (&35%–70%) higher
at z = 0.5–1.

The limit on the SFR of the GRB 980425 host based on
8.64 GHz data is not consistent with the value derived from
the 4.80 GHz data because, for consistency, a spectral slope of
" = #0.75 was assumed, whereas in reality it is steeper (see
Micha!owski et al. 2009; Section 5.5).

In order to assess the amount of the dust attenuation in GRB
hosts we compared their SFRs derived from the UV emission
(SFRUV) with SFRradio. In Table 2 we compiled the SFRUV
(mostly from 0.28 µm continuum data) from the literature
(Castro Cerón et al. 2010; Savaglio et al. 2009; Christensen et al.
2004; Jakobsson et al. 2012; Ovaldsen et al. 2007; Svensson
et al. 2010). The de-reddened SFRs given by Savaglio et al.
(2009) were reddened based on their reported AV . For the hosts
of GRB 051016B, 051117B, 060814, and 070318 we calculated
the SFRUV from V-, B-, and R-band fluxes, respectively, reported
by Ovaldsen et al. (2007) and Malesani et al. (2012), which
correspond to the rest-frame UV emission at the redshifts of the
hosts. For the hosts of GRB 040924 and 061021 there are no
UV continuum data available, so we calculated SFR[O ii] from
the flux reported by Wiersema et al. (2008) and Jakobsson et al.
(2012), respectively, applying the conversion of Kewley et al.
(2004, their Equation (4)).

We assume that SFRradio reflects the total amount of star
formation in GRB hosts. Hence, an approximate estimate of the
dust attenuation in the ultraviolet may be obtained by dividing
the radio SFR and SFRUV:

AUV = 2.5 log
SFRradio

SFRUV
mag. (1)

The resulting attenuations are presented in Table 2. The uncer-
tainties of SFRradio and SFRUV are of the order of a factor of
two (Bell 2003; Kennicutt 1998), so the uncertainties of the AUV

estimates are of the order of a factor of 2
'

2 & 2.8 (&1.1 mag).
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Massive star hosts as tracers for 
star-formation at high z

SFH of the Universe GRBs as probes of their 
environments and sightlines
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What do we want to know at the 
end of the week?

• What are the current progenitor models and how can we test them 
observationally?

• How and how much does the composition influence a stars death? 

• Can we use observations of the environment to know about the 
progenitor? 

• How much does a massive star influence its environment?

• Which class of galaxy host massive stars? Does it change with time?

• Do massive stars trace the SFH of the Univers? Why/why not?
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