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e The most luminous
explosions in the
Universe

« QObservable at any redshift

e Classified into soft-long
and hard-short (perhaps
others: intermediate,
ultralong, ...)

Gamma ray bursts
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Gamma ray bursts

e The most luminous
explosions in the
Universe

- Observable at any redshift =

e Classified into soft-long
and hard-short (perhaps
others: intermediate,
ultralong, ...)

Jakobsson 2012
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Typical GRB-SN light curve
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o Tstweek: Light curve dominated by afterglow
e 2" 4thweek: Supernova bump

« > 1 month: Host galaxy dominates

Cano et al. 2016



The GRB-SN connection (long

GRB 980425/ SN1998bw
z=10.0086 (40 Mpc)
Very low luminosity GRB
No optical afterglow

|s this a normal GRB?

Confirmation in 2003 with |
GRB 030329 /SN2003dh

Galama et al. 1998; Patat et al. 2001
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The GRB-SN connection (long

GRB 980425 / SN1998bw ol
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The GRB-SN connection (long

.+ GRB980425/SN1998bw
+ 7=0.0086 (40 Mpd) i
« Very low luminosity GRB : | mwwja f
* No optical afterglow , fr lmWﬂ WMM
* |s this a normal GRB? ” wiidhs "li:,,h‘. i
» Confirmation in 2003 with {#"f Nl B
GRB 030329 /SN2003dh || s | __ ‘

Hjorth et al. 2003



Biased and limited studies

« Follow-up of GRB-SN was biased towards nearby, peculiar events

 Most GRB-SN are low-luminosity GRBs that may not represent
the GRB population

» No systematic studies for short, intermediate or ultra-long GRBs
» Good spectroscopic studies for only 4 GRBs, all at z < 0.17
 No component detected for short GRBs

« Two SN-less GRBs discovered in 2006. No further cases
confirmed later



The GTC GRB-SN programme

In 2010 the 10.4m GIC
programme starts

Systematic search for all GRB-SNe
atz< 1.0

Spectroscopic follow-up at
7<0.6

All types of GRBs (including short)
Support from smaller telescopes

Still some biases (e.g. dust
extinction)



The GTC GRB-SN programme

In 2010 the 10.4m GTC
programme starts o~

Systematic search for all GRB-SNe = -~
atz < 1 O 21.0 | e

Spectroscopic follow-up at 5 20
7<0.6 j =0

All types of GRBs (including short)

Support from smaller telescopes

L - 4 A — A .
00 100 200 300 400
T'T: (days)

Still some biases (e.g. dust
extinction)

=01
2«02
2«03

205
~06
=07

08

2.09



The GTC GRB-SN programme

In 2010 the 10.4m GIC
programme starts

Systematic search for all GRB-SNe
atz< 1.0

Spectroscopic follow-up at
7<0.6

All types of GRBs (including short)

Support from smaller telescopes | //

Still some biases (e.g. dust
extinction)

200
T'T: (days)




The GTC GRB-SN programme

In 2010 the 10.4m GIC
programme starts

Systematic search for all GRB-SNe
atz< 1.0

Spectroscopic follow-up at
7<0.6

All types of GRBs (including short)
Support from smaller telescopes

Still some biases (e.g. dust
extinction)

Jakobsson 2012



7 years of follow-up . -—=0

20 objects followed

e 4short

« 11long

e 4intermediate
e 1 ultralong

014 <z<0.9/
= 7 spectroscopic detections

GRB 120422A (z=0.28)
GRB 140606B (z=0.38)
GRB 150818A(z=0.28)
GRB 120729A(z=0.80)
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Schulze, et aI 2014, A&A 556, 102



7 years of follow-up

« 20 objects followed

 4short

« 11long

e 4intermediate
e 1ultralong

0.14 <7<0.97 :
= 7 spectroscopic detections ,
GRB 120422A (z=0.28) |
GRB 1406068 (z=0.38

GRB 120729A(z=0.80

)
GRB 150818A (z=0.28)
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Cano, de Ugarte Postigo, et al. 2015
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7 years of follow-up

« 20 objects followed

e 4short e | | R
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Cano, de Ugarte Postigo, et al. 2014, A&A 568, 19
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GRB 161219B

z=0.1475

Amongst the closest GRB/
SN to date

SN discovered by GIC (de
Ugarte Postigo et al. 2016)

Well detected 2 months
after the GRB

Host galaxy well resolved
HST observations

Cano et al. in prep
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GRB 161219B

z=0.1475

Amongst the closest GRB/
SN to date

SN discovered by GIC (de
Ugarte Postigo et al. 2016)
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Host galaxy well resolved
HST observations

Scaled flux
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GRB 161219B

B
- 7=0.1475 §
 Amongst the closest GRB/ :
SN to date ¢ o
« SN discovered by GIC (de g
Ugarte Postigo et al. 2016) 533
« Well detected 2 months g o
after the GRB e
» Host galaxy well resolved ;OZ
« HSTobservations ; 00
10

88 88hion,

.
B
0‘..
=

<10 -5 0 5 10
Projected size (kpc)

Cano et al. in prep



11

 Intermediate duration GRB at
7=10.63

Luminous afterglow and host
galaxy

Host magnitude r = 22.1 mag

Image subtraction reveals SN at
r=24.8 mag

Supernova component peaking at
M ~-17.0 mag (1998bw reached

-18.7 mag)

GRB 100418A: An underluminot

de Ugarte Postigo, in prep.
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GRB 100418A: An underluminot

Intermediate duration GRB at
7=0.63 28 d 90d diff

Luminous afterglow and host

galaxy g e .Q’ o
, e & k
e Host magnitude r=22.1 mag o T R i
« Image subtraction reveals SN at T e ; = 1 e
r=24.8 mag R ., SRR A
A - -
« Supernova component peaking at ’7 Cee " g s Bl
Mr~-17.0 mag (1998bw reached . T
-18.7 mag)

de Ugarte Postigo, in prep.



GRB 130427A: A hyper-energet
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GRB 130427A: A hyper-energet

« GRB13042/A/
SN2013cq

e 7=0.34

Eiooy = 9610”7 erg

SN was a typical BL:Ic,

as for other GRBs
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z=0.597 (at the limit of our
spectroscopy)

Fjecta at ~5000 km s

Slowest GRB-SN ejecta to date !

Non broad-line Ic

Possible millisecond
magnetar powering the
afterglow

GRB130215A: “Slow” ejecta

GRB 130215A /SN 2013ez
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Cano, de Ugarte Postigo, et al. 2014, A&A 568, 19
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Ultralong GRB

Thermal emission instead of
synchrotron afterglow

Luminous blue supernova
component

z=0.847

GRB111209A, ULGRB had
also a blue SN, but even
brighter
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First short GRB with an
afterglow spectrum

z=0.36

HST observations show NIR
excess

First kilonova detection

Possible new, faint detection
for GRB160821B at z=0.16
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GRB130603B: First kilonova detectio
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de Ugarte Postigo, et al. 2014



GRB130603B: First kilonova detectio

First short GRB with an
afterglow spectrum

z=0.36

HST observations show NIR
excess

First kilonova detection

for GRB160821B at z=0.16

Time since GRB 130603B (d)

AB magnitude

Possible new, faint detection

Time since GRB 1306038 (s)

Tanvir, et al. 2013
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GRB130603B: First kilonova detectio
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GRB130603B: First kilonova detectio
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GRB130603B: First kilonova detectio

First short GRB with an
afterglow spectrum

HST observations show NIR e
exCess e &

o First kilonova detection

« Possible new, faint detection % o ‘
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Conclusions

« Early observations focused on peculiar GRB-SNe
« Systematic surveys begin to allow statistical studies

e Our GRB-SN programme at GIC has followed ~20 objects
(11 long, 4 intermediate, 1 ultra-long, 4 short),
with spectroscopic detection of 7 GRB-SNe

e First SN for an ultra-long GRB

e First SN for an hyper-energetic GRB

e Under-luminous SN for GRB 100418A
* Slow ejecta for GRB 130215A
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