SIGNATURES OF COCOON IN GRB/SN
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1. As a massive star nears its end. it takes on
an onion-layer structure. At this point in 1ts
evolution the star 1s hundreds of millions of

are shown here.
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5. The shock wave sweeps through
the entire star, blowing it apart.

3. Within a second, the
core collapses to
nuclear density.
Inward-falling
material rebounds
off the core, setting
up an
outward-going
pressure wave.

kilometers in radius; only its inner regions

2. Iron does not undergo
nuclear fusion, so the core
becomes unable to generate
heat. The gas pressure
drops, and overlying
material suddenly rushes in.

Neutron-
rich core

Pressure
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4. Neutrinos pouring out of the
developing neutron star propel the
shock wave ourward, unevenly.
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SN types and progenitors

Type Ic-SNe

CC SNe from H- and He-stripped
progenitors
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Gamma-ray bursts
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GRB-SN connection

— : Gamma-Ray Bursts. & - gamma-ays are prodicedwhen * - (M Observer g
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The jet cocoon
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Figure 1. Schematic description of the Collapsar’s jet and the cocoon. The
cocoon is composed of two components: an inner “shocked jet cocoon™ and an
outer “shocked stellar cocoon.” The jet cocoon 1s more dilute and hence it
expands after breakout to faster, possibly relativistic, velocities. Also shown are
the different emission components 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.

(Nakar & Piran 2017, Harrison+ 2017)
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The jet cocoon

Density distributions
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(lwamoto+ 1999, LI+2019, Maeda+2023, Harrison+ 2017)
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The jet cocoon
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GRB 171205A/SN 2017iuk
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GRB 171205A/SN 2017iuk

rapid decay in the X-ray
afterglow emission
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GRB 171205A/SN 2017iuk

from near-IR to X-rays

Radius (cm)

. —3=~e_ ~Day0.06{107
~ _"~Day 0.17
L e (x100)
——
.\ M Day 0.37
TR i (x10)
+GROND - @ - ' : ¥~Day 1.04
+ XRT AR C ‘-
X-shooter -

Flux density (Jy)

Luminosity (erg s') Temperature (K)

1014 1015 1076
Frequency (Hz)

103 104
Time after GRB (s)




T
T
I

|

W
2
3
4
£
o
+
T

5000

GRB 171205A/SN 2017iuk

SN 2017iuk evolution and modeling (Days 1-15)
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GRB 171205A/SN 2017iuk

Very early spectra - modeling
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GRB 171205A/SN 2017iuk

Spectral synthesis model (TARDIS code)
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Arnett model

Homologous expansion, spherical symmetry, constant optical opacity,
Ni & Co as energy sources and... self-similar energy distribution

(Kasen 2017, Arnett 1982, Valenti+ 2008)

Mejecta = 4.9 MSun
Mseni = 0.18 MSun

Ekin = 2.4 X 1052 erg

(but see Khatami & Kasen 2019, Woosley+ 2021)
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GRB 171205A/SN 2017iuk

Check with other density model configurations

4.5 9.9
0 /~_CO138_nomix

N 4 5 3
j 7 ~\ /7 N
3 5 / ~ g N \ // S~
_ \ .y o \. ,
J/ ™,

% CO138_ mix
N ,,«.\\Mpow_mix .
NPy e———
NALA DN T oy i N POW_mix
. ki ﬁ“\‘{\ S
2017iuk, 2 d o s SOEE

[ 1.5 2017iuk, 7 d
4 .

80,000 km/s

3.5
3 F

LN
L 4
N

80,000 km/s
100,000 km/s
120,000 km/s

Normalized Flux
Normalized Flux

0.5 . 1998bw, 7d

0
4000 5000 6000 7000 8000 900

Rest wavelength (A) Rest wavelength (A)

(Maeda+ 2023)



B NDA\RS

Ic BL SNe w/o GRBs

Relative number of CC-SNe

~10% of Ic-BL SNe are

“apparently”
associated with a GRB

\

What about the

remaining 90%?¢

(courtesy Stevance)
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Ic BL SNe w/o GRBs

GRB-SN are Ic-BL SNe, but not all type Ic-BL SNe are
associated with a GRB => no relativistic jet emission
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SN 2020bvc

Light curve of SN 2020bvc
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SN 2020bvc

SN 2020bvc spectral series
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SN 2020bvc

Check again with density model configurations
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Diagnostics

Photometric behavior
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SN 2022 xxf
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Best model with PL -6
0.12Msun 56Ni

Ymax = 27,000 km/s

Density distributions
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Exploring supernovae made easy
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— Day 9
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Neutrinos from lc-BL
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Neutrinos from |
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Summary

Jet-driven SNe give rise to jet-cocoon stellar shocked emission @ UV-optical & radio
High-velocity broad absorptions in very early spectra

Synthesis modeling points out to:

- flat, high densities at vexp > 50,000 km/s

- enhanced IME and Fe-peak abundances due to shock nucleosynthesis

GRB-less Ic-BL SNe could be also powered by choked-jet explosions

Early radio observations suggest high-velocity expanding component

Smoking gun: neutrinos? GWs?2 High-energy?
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So long, and Thanks for All the Mezcal
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Host galaxies of Ic-BL
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