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GRB 171205A
cocoon signatures in an early GRB-SN 

hosted by a grand-design spiral
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Figure 1. (a) Multi-wavelength light curve of the optical transient following GRB 171205A. During the first three days the
optical, UV and NIR emission is dominated by a spectrally evolving bump. Beyond day three, a classical Type Ic supernova
component emerges, SN 2017iuk. Grey regions correspond to the epochs of our multi-frequency SED analysis. (b) True-colour
image of GRB 171205A/SN 2017iuk and its spiral host galaxy obtained with OSIRIS at the 10.4m GTC. (c) The best-fit results
using one or two blackbodies plus a power-law spectral model for the six spectral energy distributions, obtained with Swift for
UV and X-rays and ground telescopes (GROND and X-shooter), that are marked in panel (A).
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Long	GRBs	&	BL-Ic	SNe
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in [23]). Similarly, if we inspect the observer-frame !-band
LCs of GRB-SNe (redshift range 0.145 < " < 1.006) shown
in Figure 3, they too span a similar range at a given epoch.
Indeed, the peak SN brightness during the SN “bump” phase
ranges from ! = 19.5 for GRB 130702A (the brightest GRB-
SN bump observed to date) to ! = 25 for GRB 021211.

For a typical GRB-SN, there are three components of flux
being measured: (1) the afterglow (AG), which is associated
with the GRB event, (2) the SN, and (3) the constant source of
flux coming from the host galaxy. A great deal of information
can be obtained from modelling each component, but, for
the SN component to be analysed, it needs to be decomposed
from the optical/NIR LCs (Figure 4). To achieve this task, the
temporal behaviour of the AG, the constant source of flux
from the host galaxy, and the line of sight extinction, includ-
ing foreground extinction arising from different sight-lines
through the Milky Way (MW) [21, 22], and extinction local
to the event itself [10, 23–26], in a given filter need to bemod-
elled and quantified.The host contribution can be considered
either by removing it via the image-subtraction technique
[27–29], by simple flux-subtraction [30–32], or by including
it as an additional component in the fitting routine [33–36].
TheAGcomponent ismodelled using either a single or a set of
broken power laws (SPL/BPL; [37]). This phenomenological
approach is rooted in theory however, as standard GRB
theory states that the light powering the AG is synchrotron
in origin and therefore follows a power law behaviour in both
time and frequency (#] ∝ (% − %0)−"]−#, where the respective
decay and energy spectral indices are ' and ().

Once the SN LC has been obtained, traditionally it is
compared to a template supernova, that is, SN 1998bw,
where the relative brightness ()) and width (also known as
a stretch factor, *) are determined. Such an approach has
been used extensively over the years [10, 18, 31–34, 38–43].
Another approach to determining the SN’s properties is to fit
a phenomenological model to the resultant SN LC [10, 42–
44], such as the Bazin function [45], in order to determine
the magnitude/flux at peak SN light, the time it takes to rise
and fade from peak, and the width of the LC, such as theΔ,15 parameter (in a given filter, the amount a SN fades in
magnitudes from peak light to 15 days later). All published
values of these observables are presented in Table 3.

2.2. Spectroscopic Properties. Optical and NIR spectra, of
varying levels of quality due to their large cosmological
distances, have been obtained for more than a dozen GRB-
SNe. Those of the highest quality show broad observation
lines of O i, Ca ii, Si ii, and Fe ii near maximum light.
The line velocities of two specific transitions (Si ii -6355
and Fe ii -5169; Figure 6) indicate that near maximum light
the ejecta that contain these elements move at velocities
of order 20,000–40,000 km s−1 (Fe ii -5169) and about
15,000–25,000 km s−1 (Si ii -6355). The weighted mean
absorption velocities at peak .-band light of a sample of
SNe IcBL that included GRB-SNe were found to be 23,800 ±9500 km s−1 (Fe ii -5169) by [46] (see as well Table 3). SNe
IcBL (including and excluding GRB-SNe) have Fe ii -5169
widths that are ∼9,000 km s−1 broader than SNe Ic, while
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Figure 5: Peak/near-peak spectra of GRB-SNe. The spectra have
been arbitrarily shifted in flux for comparison purposes and to
exaggerate their main features, and host emission lines have been
manually removed. The spectra of SNe 2012bz, 2013cq, and 2013dx
have been Kaiser smoothed [31] in order to suppress noise. Most
of the spectra are characterized by broad absorption features, while
such features are conspicuously absent in the spectra of SN 2013ez
and SN 2011kl.

GRB-SNe appear to be, on average, about ∼6,000 km s−1
more rapid than SNe IcBL at peak light [46]. Si ii -6355
appears to have a tighter grouping of velocities than Fe ii-5169, though SN 2010bh is a notable outlier, being roughly
15,000 to 20,000 km s−1 more rapid than the other GRB-
SNe. SN 2013ez is also a notable outlier due to its low line
velocity (4000–6000 km s −1), and inspection of its spectrum
(Figure 5) reveals fewer broad features than other GRB-SNe,
where it more closely resembles type Ic SNe rather than
type IcBL [31]. Nevertheless, this relative grouping of line
velocities may indicate similar density structure(s) in the
ejecta of these SN, which in turn could indicate some general
similarities in their preexplosion progenitor configurations.
For comparison, [46] found that the dispersion of peak SNe
Ic Fe ii -5169 line velocities is tighter than those measured
for GRB-SNe and SNe IcBL not associated with GRBs (0 =1500, 9500, 2700 km s−1, resp.). This suggests that GRB-SNe
and SNe IcBL have more diversity in their spectral velocities,
and in turn their density structures, than SNe Ic. Finally, [46]
found no differences in the spectra of 11GRB-SNe relative to
high-luminosity GRB-SNe.

During the nebular phase of SN 1998bw (one of only
a few GRB-SNe that has been spectroscopically observed
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Early	components	in	GRB-SNe
• X-ray black-body components in GRBs (e.g. Starling et al. 2012, 

Friis et al. 2013)

• The curious cases of GRB 060218 and GRB101225A  
(the „Christmas burst“) →no early spectra!

Campana et al. 2006 Thöne et al. 2011



SUPPLEMENTARY INFORMATION
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where n(R) is the particle number density, β =
√

1 − Γ−2 is the velocity, ϵ is the shock-generated thermal energy
(in the comoving frame) that is radiated, and cs =

√
(4Γ + 1)(Γ2 − 1)(3Γ(4Γ2 − 1))−1 is the sound speed. The

temperature of the jet spine is derived by assuming that the pressure is dominated by the photon radiation, so that
P (t) = aT 4(t)/3, with the radiation constant a = 7.56 × 10−15 erg cm−3K−4, and noting that P = (Γ2 −
1)/(3Γ)nmpc2, (mp being the proton mass) according to [63].

For the jet spine propagating through the CE-ejecta funnel we may take the following initial conditions, corre-
sponding to an ultra-relativistic and cold jet: Γin ∼ 100, Min ≃ 8 × 10−9M⊙, Rin = RCE,in = 2.5 × 1012 cm,
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GRB	171205A
• T90=190s

• D=163 Mpc (3rd closest)

• low-luminosity GRB (Liso=3x1047 erg/s)  
very faint afterglow

• MV(SN)=-18.4 mag 
(second faintest GRB-SN)

• Massive host (log M=10.1 M⊙),  
grand-design spiral galaxy 
(first time for a low-z GRB!)

• Extensive spectral follow-up  
campaign with GTC + X-shooter  
(0d to 180d post GRB)
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Figure 1. (a) Multi-wavelength light curve of the optical transient following GRB 171205A. During the first three days the
optical, UV and NIR emission is dominated by a spectrally evolving bump. Beyond day three, a classical Type Ic supernova
component emerges, SN 2017iuk. Grey regions correspond to the epochs of our multi-frequency SED analysis. (b) True-colour
image of GRB 171205A/SN 2017iuk and its spiral host galaxy obtained with OSIRIS at the 10.4m GTC. (c) The best-fit results
using one or two blackbodies plus a power-law spectral model for the six spectral energy distributions, obtained with Swift for
UV and X-rays and ground telescopes (GROND and X-shooter), that are marked in panel (A).
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An	unusual	light	curve
• Early bump in light curve
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Figure 1. (a) Multi-wavelength light curve of the optical transient following GRB 171205A. During the first three days the
optical, UV and NIR emission is dominated by a spectrally evolving bump. Beyond day three, a classical Type Ic supernova
component emerges, SN 2017iuk. Grey regions correspond to the epochs of our multi-frequency SED analysis. (b) True-colour
image of GRB 171205A/SN 2017iuk and its spiral host galaxy obtained with OSIRIS at the 10.4m GTC. (c) The best-fit results
using one or two blackbodies plus a power-law spectral model for the six spectral energy distributions, obtained with Swift for
UV and X-rays and ground telescopes (GROND and X-shooter), that are marked in panel (A).
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An	early	BB	emission
• Early bump in light curve, consistent with evolving BB starting in X-rays

BB evolution
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Figure 1. (a) Multi-wavelength light curve of the optical transient following GRB 171205A. During the first three days the
optical, UV and NIR emission is dominated by a spectrally evolving bump. Beyond day three, a classical Type Ic supernova
component emerges, SN 2017iuk. Grey regions correspond to the epochs of our multi-frequency SED analysis. (b) True-colour
image of GRB 171205A/SN 2017iuk and its spiral host galaxy obtained with OSIRIS at the 10.4m GTC. (c) The best-fit results
using one or two blackbodies plus a power-law spectral model for the six spectral energy distributions, obtained with Swift for
UV and X-rays and ground telescopes (GROND and X-shooter), that are marked in panel (A).
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• First X-shooter spectrum at 1.5h, additional continuum emission visible

• Very broad SN features in spectra at 0.9d  
v~115,000 km/s, FWHM ~35,000 km/s 
(based on CaII triplet and SiII 6355, maybe also FeII)

Extreme	early	velocity	features

  

a b c

Izzo et al.  Nature in press



Modeling	the	spectral	evolution
• Spectral synthesis modeling with TARDIS, model CO138 (K. Maeda)

• Two component model: early/outer/fast - late/inner/slower component

• Fast comp. has „inverted“ composition from expelled core material

• Mej: cocoon > 55,000 km/s: 0.13 M⊙ (0.001 M⊙ above 100,000 km/s)  
total: 4.9 M⊙, 0.18 M⊙ 56Ni  
Ekin = 2.4x1052 erg

• Complete SN modeling needed 
(Kann et al. in prep.) 
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What	do	we	observe?
• First clear evidence of a cocoon from the jet-star interaction (e.g. Nakar et 

al. 2016), now very fashion in NS-NS merger models

• Jet breaks out of star → Fe-peak rich material transported outwards, high 
velocities, early hot BB emission → weak afterglow (X-rays) → BL-Ic SN

• Low-Luminosity GRBs = „normal“ GRBs with stronger jet interaction?  
Explanation for other early BB emissions (e.g. GRB 060218)?  
And/or different progenitors for ultra-long GRBs?? 
(Needs more study, Kann et al. in prep. )
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Fig. 1.— A schematic description of the Collapsar’s jets and
the cocoon. The cocoon is composed of two components, an inner
‘shocked jet cocoon’ and an outer ‘shocked stellar cocoon’. The
jet cocoon is more dilute and hence it expands to faster, possibly
relativistic, velocities. Also shown are the di↵erent emission com-
ponents and their angular extent. A typical opening angle of the
relativistic cocoon components (if exist) is ⇠ 0.5 rad. The stellar
cocoon is sub-relativistic. As it gets out of the star it engulfs the
star and its emission is practically isotropic.

ativistic) velocities. The evolution may be di↵erent if
the jet is Poynting flux dominated (Levinson & Begel-
man 2013; Bromberg et al. 2014). It depends strongly
on the stability of the jet and the location where the
magnetic field is dissipated. Bromberg & Tchekhovskoy
(2016) find that it is dissipated early on and the larger
scale evolution will resemble a baryonic jet. The main
di↵erence is that in this case the shocked cocoon mate-
rial will be magnetized while the stellar cocoon won’t,
and it is likely that mixing will be somewhat suppressed
as compared with the mixing in a purely baryonic jet.
The cocoon emission, from each one of the two com-

ponents has two sources: (i) Di↵usion of the internal
energy deposited during the jet propagation. This emis-
sion is similar to the cooling envelope emission of a SN,
or to the so called photospheric emission of a GRB fire-
ball. Here we denote this phase as the ‘cooling cocoon
emission’. (ii) Interaction of the cocoon material with
the external medium. This emission is particularly im-
portant for the jet cocoon, which could be relativistic.
In this case the emission is similar in nature to the GRB
afterglow. Here we denote this phase as the ‘cocoon af-
terglow’.
Already in 2002, Ramirez-Ruiz et al. (2002) realized

the importance of the cocoon component and discussed
its possible signature. However, these authors consid-
ered only the shocked jet component assuming that it
has the same Lorentz factor as the GRB jet, ignoring
the important possibility of mixing between the shocked
stellar material and the shocked jet material. This as-
sumption implies a relativistic expansion of the shocked
jet, like a fireball. They realize that the emerging flow
would result in a wider angle than the GRB jet and that
this may lead to an o↵-axis ‘cocoon afterglow’ that can
be observed also in cases that the �-rays are not seen.
Ramirez-Ruiz et al. (2002) also discuss a possible photo-
spheric ‘cooling emission’ from this fireball. Lazzati et al.
(2010) carried out a numerical simution of cocoon evolu-
tion. Using the energy distribution per solid angle and
an ad hoc emission model they estimated the resulting
prompt �-ray emission that will be seen by an observer
at 45o finding that it may resemble a short GRB.

We present here an analytic framework for estimat-
ing the di↵erent cocoon emission components, both from
the shocked jet and from the shocked stellar material,
that has been ignored so far. In this framework we esti-
mate the cocoon’s signature as a function of the cocoon’s
parameters at the time that it breaks out from the stel-
lar envelope. The signature of the shocked jet depends
strongly on the amount of mixing between the two co-
coon’s components, which is currently unknown. This
amount is likely to depend on the properties of the jet
and the progenitor, and it should be explored by de-
tailed numerical simulations. We therefore leave it as
a free parameter and calculate the resulting emission as
a function of the mixing. We focus, however, on the
signatures resulting from partial mixing as suggested by
previous numerical simulations (e.g., Morsony et al. 2007;
Mizuta & Aloy 2009; Mizuta & Ioka 2013; López-Cámara
et al. 2013, 2016) and by our preliminary numerical re-
sults (Harrison et al., in preparation).
While we focus on cocoons arising in LGRBs as sug-

gested by the Collapsar model, we note that cocoons are
also expected in short GRBs, if those are generated by
merger of two neutron stars, and that our formalism can
be applied to them as well. When two neutron stars
merge, matter is ejected prior to the jet’s onset by tidal
forces, by winds driven from the newly formed hyper-
massive neutron star and from the debris disk that forms
around it (see e.g. Hotokezaka & Piran 2015, for a brief
review). The cocoons are generated during the interac-
tion of the GRB jet with this surrounding matter (Na-
gakura et al. 2014; Murguia-Berthier et al. 2016). These
cocoons will be much less energetic than those produced
in LGRBs, reflecting the fact that LGRBs are much more
energetic than short GRBs. Still they may lead to a de-
tectable signal from events taking place at a few hundred
Mpc from us, giving rise to a new potential EM counter-
part to the gravitational radiation signals arising from
these mergers.
Cocoon emission would arise also in failed LGRBs

where the jets are chocked before they break out. This
happens when the central engine stops early enough be-
fore the jet reaches the outer edge of the stellar enve-
lope, so the entire launched jet ends up in the cocoon.
Chocked jets may be quite numerous, in fact the duration
distribution of GRBs suggests that they are much more
numerous then successful GRBs (Bromberg et al. 2012).
When the jet is choked it dissipates all its energy within
the stellar envelope and there is no GRB. However if be-
fore chocking the jet crossed a significant fraction of the
stellar envelope then the cocoon is energetic enough to
break out of the star by itself and produce an observable
signature.
Various authors (Kulkarni et al. 1998; Tan et al. 2001;

MacFadyen et al. 2001; Campana et al. 2006; Wang et al.
2007; Katz et al. 2010; Nakar & Sari 2010; Bromberg
et al. 2011a) suggested that the emission from the shock
breakout of chocked jets’ cocoons produce the low lumi-
nosity GRBs (llGRBs). However Nakar & Sari (2012)
have shown that shock breakout can produce the ob-
served llGRBs only if their progenitors are extended
(> 1012 cm). In particular Nakar (2015) have shown that
both the signature of GRB 060218 and the accompanying
SN2006aj show that indeed the progenitor star must have
had a low mass extended envelope of ⇠ 1013cm. So, if

Nakar & Piran 2016
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The	host	

Thöne et  al. in prep.
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The	host	

Thöne et  al. in prep.
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The	host	
• Barred spiral, GRB in HII region in spiral arm

• star-forming „ring of pearls“

• high ionization region, 12+log(O/H)~8.45, shallow Z-gradient

Thöne et  al. in prep.
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The	host	
• Barred spiral, GRB in HII region in spiral arm

• Regular velocity field

• Rather average SF spiral, GRB not at special position —> why here??

Thöne et  al. in prep.



SN

The	first	resolved	CO	maps	…		

de Ugarte Postigo et al. in prep.

4.8h with ALMA at 0.2“ resolution



SN

The	first	resolved	CO	maps	…		

de Ugarte Postigo et al. in prep.

4.8h with ALMA at 0.2“ resolution
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…and	a	curious	HI	discovery

de Ugarte Postigo et al. in prep.

companion!
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Conclusions

• Earliest GRB-SN spectrum ever showing very broad features

• Material from GRB jet-cocoon observed for the first time

• Fortunate case (weak AG, low z..?) or are there more?

• Large follow-up: new „standard“ for GRB-SNe?

• Interesting spiral host with lots of data (IFU, CO, HI)

• Can gas fueling via interaction explain the unusual host??


