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» 1968: Colgate predicts shock breakout from SNe should produce bursts of
X-rays and gamma-rays

» 1973: Existence of Gamma-Ray Bursts revealed by Klebesadel et al.

* 1970s — 1990s: Unsuccessful search for the progenitors

» 1993: Woosley proposes Collapsars as GRB progenitors (initially: failed SN!)

* 1997: GRB 1997 opens the Afterglow Era (van Paradis et al., Costa et al. Metzger
et al., Frail et al. etc.)
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Historical Background

» 1968: Colgate predicts shock breakout from SNe should produce bursts of
X-rays and gamma-rays
» 1973: Existence of Gamma-Ray Bursts revealed by Klebesadel et al.
* 1970s — 1990s: Unsuccessful search for the progenitors
» 1993: Woosley proposes Collapsars as GRB progenitors (initially: failed SN!)
* 1997: GRB 1997 opens the Afterglow Era (van Paradis et al., Costa et al. Metzger
et al., Frail et al. etc.)
» 1998: GRB 980425 and SN 1998bw!
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Historical Background

Galama et al.
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Historical Background

Kann et al.

Type 11 afterglows

Type 11 SN burst afterglow limits
Type I afterglows:
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Historical Background

* 1998: GRB 980425 and SN 1998bw: Association not 100% clear, but very likely.
Instead of no SN, a ,hypernova“ (broad-lined Type Ic SN)!
BUT: GRB 980425 in no way a classical cosmological GRB!
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BUT: GRB 980425 in no way a classical cosmological GRB!

* 1999: GRB 980326 shows a late flattening, not due to the host.
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Historical Background

Bloom et al. 1999

@ Keck (Direct)
o Keck (Spectrum) ' But spectroscopy not successful, no redshift ob-
tained (~ 1 from comparison with SN 1998bw)
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> Attempts at spectroscopy: - GRB 011121 (Garnavich et al. 2003):
Blue continuum, no SN features
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Historical Background

* 1998: GRB 980425 and SN 1998bw: Association not 100% clear, but very likely.
Instead of no SN, a ,hypernova“ (broad-lined Type Ic SN)!
BUT: GRB 980425 in no way a classical cosmological GRB!
* 1999: GRB 980326 shows a late flattening, not due to the host.
 Late 1990s to early 2000s: Expansion of examples:
» Low-significance bumps for, e.g., GRB 970228, GRB 991208, GRB 000911...
» Multicolor red bumps for, e.g., GRB 990712, GRB 011121, GRB 020405...

> Attempts at spectroscopy: - GRB 011121 (Garnavich et al. 2003):
Blue continuum, no SN features

- XRF 020903 (Soderberg et al. 2005)

Moderate S/N, XRF association, published late
- GRB 021211 (Della Valle et al. 2003)

Low S/N, but at z = 1!
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Historical Background

« 2003: GRB 030329/SN 2003dh: The Rosetta-Stone GRB!
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Historical Background

« 2003: GRB 030329/SN 2003dh: The Rosetta-Stone GRB!
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Historical Background

« 2003: GRB 030329/SN 2003dh The Rosetta Stone GRB!
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Historical Background

03: GRB 030329/SN 2003dh: The Rosetta-Stone GRB!
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Historical Background

« 2003: GRB 031203/SN 2003lw: The 2nd nearby low-luminosity GRB with a
spectroscopic SN (Malesani et al. 2004, Soderberg et al. 2004)
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« 2003: GRB 031203/SN 2003lw: The 2nd nearby low-luminosity GRB with a
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« 2004: Zeh et al. 2004 systematically study GRB light curves and late red bumps:
,All GRBs at z < 0.7 are associated with SN 1998bw-like SNe."

k, s formalism introduced
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,All GRBs at z < 0.7 are associated with SN 1998bw-like SNe."
k, s formalism introduced
» 2004 — 2005: Further cases: Low S/N bumps for GRB 040924 and XRF 050824,
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Historical Background

« 2003: GRB 031203/SN 2003lw: The 2nd nearby low-luminosity GRB with a
spectroscopic SN (Malesani et al. 2004, Soderberg et al. 2004)
« 2004: Zeh et al. 2004 systematically study GRB light curves and late red bumps:
,All GRBs at z < 0.7 are associated with SN 1998bw-like SNe."
k, s formalism introduced
» 2004 — 2005: Further cases: Low S/N bumps for GRB 040924 and XRF 050824,
high S/N bump for GRB 041006, high S/N bump, low S/N spectrum

for GRB 050525A
Zeh, ... Kann, ... et al. 2005 present first results on host-extinction-

corrected SN light curves.
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Historical Background

» 2006: XRF 060218/SN 2006aj: Clear shock-breakout flash for an extremely long,
soft, nearby XRF.
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Historical Background

» 2006: XRF 060218/SN 2006aj: Clear shock-breakout flash for an extremely long,
soft, nearby XRF.

Campana et al. 2006

)

Flux (ergcm=—= s

Gamma-Ray Bursts: New Missions to New Frontiers

Moscow State University, October 07-11, 2013 MAX-PLANCK INSTITUT FUR EXTRATERRESTRISCHE PHYSIK




Historical Background

» 2006: XRF 060218/SN 2006aj: Clear shock-breakout flash for an extremely long,
soft, nearby XRF.

Pian et al. 2006, Mazzali et al. 2006
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Historical Background

» 2006: XRF 060218/SN 2006aj: Clear shock-breakout flash for an extremely long,
soft, nearby XRF.
Ferrero, Kann... et al. 2006 model the SN 20064aj light curves and put them
into the context of the overall GRB-SN sample.
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» 2006: XRF 060218/SN 2006aj: Clear shock-breakout flash for an extremely long,
soft, nearby XRF.
Ferrero, Kann... et al. 2006 model the SN 20064aj light curves and put them
into the context of the overall GRB-SN sample.
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Historical Background

» 2006: XRF 060218/SN 2006aj: Clear shock-breakout flash for an extremely long,
soft, nearby XRF.
Ferrero, Kann... et al. 2006 model the SN 20064aj light curves and put them
into the context of the overall GRB-SN sample.
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Historical Background

« 2007 - 2010: Further incremental progress
- X-Ray Outburst 080109/SN 2008D: Real-time discovery of an X-ray
transient associated with SN shock break-out (Soderberg et al.
2008), SN was of Type IB, possible transition object between
Type Il and GRB-SNe (Mazzali et al. 2008, Malesani et al. 2009)
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Type Il and GRB-SNe (Mazzali et al. 2008, Malesani et al. 2009)
- GRB 080319B: Discovery of a late red bump for the ,Naked-Eye
GRB" (Tanvir et al. 2010)
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Historical Background

« 2007 - 2010: Further incremental progress
- X-Ray Outburst 080109/SN 2008D: Real-time discovery of an X-ray

transient associated with SN shock break-out (Soderberg et al.

2008), SN was of Type IB, possible transition object between

Type Il and GRB-SNe (Mazzali et al. 2008, Malesani et al. 2009)
- GRB 080319B: Discovery of a late red bump for the ,Naked-Eye

GRB" (Tanvir et al. 2010)
- GRB 081007/SN 2008hw: Moderate S/N spectroscopic association

(Jin et al. 2013)
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Historical Background

« 2007 - 2010: Further incremental progress
- X-Ray Outburst 080109/SN 2008D: Real-time discovery of an X-ray

transient associated with SN shock break-out (Soderberg et al.

2008), SN was of Type IB, possible transition object between

Type Il and GRB-SNe (Mazzali et al. 2008, Malesani et al. 2009)
- GRB 080319B: Discovery of a late red bump for the ,Naked-Eye

GRB" (Tanvir et al. 2010)
- GRB 081007/SN 2008hw: Moderate S/N spectroscopic association

(Jin et al. 2013)
- GRB 091127/SN 2009nc: Spectroscopic SN of a GRB 030329-like

GRB, including correct host-galaxy subtraction (Berger et al. 2011)
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Historical Background

« 2007 - 2010: Further incremental progress
- X-Ray Outburst 080109/SN 2008D: Real-time discovery of an X-ray

transient associated with SN shock break-out (Soderberg et al.
2008), SN was of Type IB, possible transition object between
Type Il and GRB-SNe (Mazzali et al. 2008, Malesani et al. 2009)

- GRB 080319B: Discovery of a late red bump for the ,Naked-Eye
GRB" (Tanvir et al. 2010)

- GRB 081007/SN 2008hw: Moderate S/N spectroscopic association
(Jin et al. 2013)

- GRB 091127/SN 2009nc: Spectroscopic SN of a GRB 030329-like
GRB, including correct host-galaxy subtraction (Berger et al. 2011)

- XRF 100316D/SN 2010dh: Another XRF 060218-like event!
(Chornock et al. 2010, Starling et al. 2011, Olivares E., ... Kann, ...
et al. 2012, Bufano et al. 2012)
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The Story So Far

* Long GRBs are associated with the core-collapse of massive stars
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¢ The likely progenitors are Wolf-Rayet stars (which are likely associated with
normal Type Ic SNe as well)
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s Most high-quality spectroscopic associations are with low-luminosity, local
universe GRBs/XRFs, which are dissimilar from classical GRBs.
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The Story So Far

* Long GRBs are associated with the core-collapse of massive stars

¢ The likely progenitors are Wolf-Rayet stars (which are likely associated with
normal Type Ic SNe as well)

s GRB-SNe have exceptional expansion velocities

s Most high-quality spectroscopic associations are with low-luminosity, local
universe GRBs/XRFs, which are dissimilar from classical GRBs.

+» Classical GRBs only have low-S/N spectroscopy

* GRB 030329 and GRB 091127 are X-ray rich, moderate luminosity GRBs
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New Results:

GRB 111209A
An UV-luminous SN for the longest GRB
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GRB 111209A

GRB 111209A is the longest GRB ever observed (Golenetskii et al. 2011, Gendre
et al. 2013
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GRB 111209A

GRB 111209A is the longest GRB ever observed (Golenetskii et al. 2011, Gendre
et al. 2013
Evans et al. 2007,

Swift/XRT data of GRB 111209A 2009

cyan: WT setiling - blue: WT - red: PC

100%

&
Cm
=
i
=2
Lo
—-—
|
“
o
—
a
©
o
—
-
=3
Q
Q

104? o a

1000 104 105 108
Time since BAT ftrigger (s)

Gamma-Ray Bursts: New Missions to New Frontiers
Moscow State University, October 07-11, 2013 MAX-PLANCK INSTITUT FUR EXTRATERRESTRISCHE PHYSIK




GRB 111209A

. Optical observations reveal a
highly structured light curve
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GRB 111209A

Days after Burst Trigger
1

Optical observations reveal a
%/ﬁii” highly structured light curve
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GRB 111209A

Days after Burst Trigger
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GRB 111209A
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GRB 111209A
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Summary: GRB 111209A

 Using unique data, we find a clear late-time bump, the signature of an
accompyning SN
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Summary: GRB 111209A

 Using unique data, we find a clear late-time bump, the signature of an
accompyning SN

* This SN is probably the most luminous discovered so far associated with a GRB,
and it is especially extraordinary in the UV
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Summary: GRB 111209A

 Using unique data, we find a clear late-time bump, the signature of an
accompyning SN

* This SN is probably the most luminous discovered so far associated with a GRB,
and it is especially extraordinary in the UV

» Other authors (Gendre et al. 2013) have suggested a Blue Supergiant progenitor
,2due to the lack of a SN*.
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Summary: GRB 111209A

 Using unique data, we find a clear late-time bump, the signature of an
accompyning SN

* This SN is probably the most luminous discovered so far associated with a GRB,
and it is especially extraordinary in the UV

» Other authors (Gendre et al. 2013) have suggested a Blue Supergiant progenitor
,2due to the lack of a SN*.

» Levan et al. 2013 find a reddening, but lack data coverage to properly discover
the SN — possible ,,superluminous bump in J*. Spectroscopy inconclusive!
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Summary: GRB 111209A

 Using unique data, we find a clear late-time bump, the signature of an
accompyning SN

* This SN is probably the most luminous discovered so far associated with a GRB,
and it is especially extraordinary in the UV

» Other authors (Gendre et al. 2013) have suggested a Blue Supergiant progenitor
,2due to the lack of a SN*.

» Levan et al. 2013 find a reddening, but lack data coverage to properly discover
the SN — possible ,,superluminous bump in J*. Spectroscopy inconclusive!

» Theoretical modelling of BSG progenitors yields very late-time cocoon emission
(Kashiyama et al. 2013) or possible earlier emission which is able to fit the Levan
data (Nakauchi et al. 2013) — the latter is in disagreement with our much denser
data.
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Summary: GRB 111209A

 Using unique data, we find a clear late-time bump, the signature of an
accompyning SN

* This SN is probably the most luminous discovered so far associated with a GRB,
and it is especially extraordinary in the UV

» Other authors (Gendre et al. 2013) have suggested a Blue Supergiant progenitor
,2due to the lack of a SN*.

» Levan et al. 2013 find a reddening, but lack data coverage to properly discover
the SN — possible ,,superluminous bump in J*. Spectroscopy inconclusive!

» Theoretical modelling of BSG progenitors yields very late-time cocoon emission
(Kashiyama et al. 2013) or possible earlier emission which is able to fit the Levan
data (Nakauchi et al. 2013) — the latter is in disagreement with our much denser
data.

CONCLUSION: GRB 111209A, despite ist extreme duration, is probably a ,normal®
GRB spawned by a stripped-envelope progenitor.




New Results:

GRB 120422A

The missing link between LL-GRBs and classical GRBs?
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GRB 120422A

* GRB 120422A was a moderate-luminosity GRB at a moderate redshift (z =
0.283). Its properties suggest it lies between local low-luminosity GRBs/XRFs and
classical cosmological GRBs (Zhang et al. 2012)
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GRB 120422A

* GRB 120422A was a moderate-luminosity GRB at a moderate redshift (z =
0.283). Its properties suggest it lies between local low-luminosity GRBs/XRFs and
classical cosmological GRBs (Zhang et al. 2012)

» A moderately-sized photometric and spectroscopic study has been presented by
Melandri et al. 2012.
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GRB 120422A

* GRB 120422A was a moderate-luminosity GRB at a moderate redshift (z =
0.283). Its properties suggest it lies between local low-luminosity GRBs/XRFs and
classical cosmological GRBs (Zhang et al. 2012)

» A moderately-sized photometric and spectroscopic study has been presented by
Melandri et al. 2012.

» A broadband (X-rays, optical/NIR photometry, spectroscopy, radio/sub-mm, host
galaxy, surroundings, correlations...) study is in prep. by Schulze et al.
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GRB 120422A

Time since GRB trigger (days)

10 10! Schulze et al. 2013, in prep.
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GRB 120422A

Schulze et al. 2013, in prep.
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GRB 120422A

Schulze et al. 2013, in prep.
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New Results:

GRB 130427A

Highly luminous cosmological GRBs are linked to Type Ic SNe
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GRB 130427A

* GRB 130427A is the brightest GRB in 29 years, and the first low-redshift highly
luminous GRB.
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GRB 130427A

» The accompanying SN, SN 2013cq, was discovered with the Gran Telescopio

Canarias (de Ugarte Postigo et al. 2013, Xu et al. 2013)
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GRB 130427A

» Clear characterization of the SN in multiple colors awaits precise post-SN host
magnitudes
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Upcoming Studies:

GRB 111211A

(Kann et al., in prep.)
First GRB-SN associated with an AGILE GRB (z = 0.478), SN spectroscopically
discovered by the GTC, photometrically covered by GROND.
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Upcoming Studies:

GRB 130215A

(Cano et al., in prep.)
Possibly transition event similar to GRB 120422A, SN spectroscopically discovered by
the GTC.
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Upcoming Studies:

GRB 120714A

(Klose et al., in prep.)
Another moderately luminous GRB at moderate redshift, SN spectroscopically
discovered by the VLT, photometrically covered by GROND.
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Upcoming Studies:

GRB 130831A

(??? et al., in prep.)
Interesting GRB with steep X-ray decay after plateau, SN photometrically discovered
by Maidanak (Pozanenko et al. 2013). Spectroscopy???
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Upcoming Studies:

GRB 130925A

(??? et al., in prep.)
Another ultra-long duration event at z = 0.347, afterglow extinguished by A,, ~ 4.5 mag
in the rest-frame, unclear if SN-detection will be possible.
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Honorable Mention:

GRB 130702A

(??? et al., in prep.)
Extremely nearby GRB (z = 0.145), GBM-only, discovered by iPTF (Singer et al.
2013), associated SN 2013dx discovered by NOT (Schulze et al. 2013), confirmed by
TNG (d°Elia et al. 2013) and P200 (Cenko et al. 2013).
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SUMMARY

* GRB 111209A is a whole new class of GRB (ULD-GRB, Levan et al. 2013), but
also seems to be associated with collapsars. GRB 130925A is another ULD-GRB,
follow-up is coming up.

* GRB 120422A and possibly GRB 130215A show that events between local low-
luminosity GRBs and classical GRBs exist.

* GRB 130427A cements the link between ,true cosmological® GRBs and broad-
lines Type Ic SNe.

» Spectroscopic confirmation of GRB-SNe is becoming more commonplace, thanks
to dedicated follow-up with Big Glass (GTC, VLT X-shooter).
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Cnacnbo 3a BaLlue BHUMaHue!
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