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Introduction

Gamma-ray bursts (GRBs) are short and intense
pulses of soft gamma-rays; o
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The hardness-duration correlation for BATSE bursts. HR is the ratio of
fluence between BATSE channels 3 (100-300 keV) and 2 (50-100 keV),
short bursts; s, long bursts; solid line, a regression line for the whole sample;
dotted lines, the regressions lines for the short and Ilong samples,

respectively. From Qin et al., 2000.
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Gamma-ray bursts (GRBs) are short and intense
pulses of soft gamma-rays;

eDuration: =102-102s ;

long GRB (Tgo 2 2 s), short GRB (T < 2 s),
(Kouveliotou et al., 1993), however see now GRB
211211A and GRB 230307A (long GRB with
kilonova);

eenergetics: Liso ~10%1-52 erg/s, and narrowly

beamed;
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Introduction

Gamma-ray bursts (GRBs) are short and intense

pulses of soft gamma-rays;

eDuration: =102-102s ;

long GRB (Teo 2 2 s), short GRB (T < 2 8),
(Kouveliotou et al., 1993), however see now GRB
211211A and GRB 230307A (long GRB with
kilonova);

eenergetics: Liso ~10%1-52 erg/s, and narrowly
beamed;
*Associated to a catastrophic event: death of star |
(Paczynski, '98), BH mergers (Paczynski, '91), BNS F JE <1 0Ob
mergers (Eichler et al., 1989), TDES...;
*Collapsar model: core collapse + bipolar jet
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The hardness-duration correlation for BATSE bursts. HR is the ratio of

driven by a central engme (Compact ObJeCt) fluence between BATSE channels 3 (100-300 keV) and 2 (50-100 keV),
(MacFadyen & Woosley 1999; MacFadyen et al. 2001); short bursts; s, long bursts; solid line, a regression line for the whole sample;
dotted lines, the regressions lines for the short and Ilong samples,

respectively. From Qin et al., 2000.



Introduction T

Gamma-ray bursts (GRBs) are short and intense
pulses of soft gamma-rays;

eDuration: =10-2- 102s ;

long GRB (Tgo 2 2 s), short GRB (T < 2 s),

(Kouveliotou et al., 1993), however see now GRB
211211 A and GRB 230307A (long GRB with
kilonova);

eenergetics: Liso ~10%1-52 erg/s, and narrowly

beamed,;
*Associated to a catastrophic event: death of star

log HR

(Paczynski, '98), BH mergers (Paczynski, '91), BNS 2 -15 -1 05 0 05
mergers (Eichler et al., 1989), TDES...; log T
*Collapsar model: core collapse + bipolar jet ”
driven by a central engine (compact object)
(MacFadyen & Woosley 1999; MacFadyen et al. 2001),

'What are the Slgnatures Of a let? respectively. From Qin et al., 2000.
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The hardness-duration correlation for BATSE bursts. HR is the ratio of
fluence between BATSE channels 3 (100-300 keV) and 2 (50-100 keV),
short bursts; s, long bursts; solid line, a regression line for the whole sample;
dotted lines, the regressions lines for the short and Ilong samples,




Signatures of high velocity
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F1G. 1.—Observed, smoothed spectrum of SN 1997ef on 1997 Novem- F1G. 2.—Observed, smoothed spectrum of SN 1997¢ef on 1997 Novem-
ber 29 (thick line), compared to two synthetic spectra computed with ber 29 (thick line), compared to two synthetic spectra computed for t =9
the CO100 density structure. The fully drawn thin line is a spectrum days. The dashed line is a spectrum computed with the original model
computed for t = 9 days, while the dashed line 1s a spectrum computed for CO100, while the fully drawn thin line is a spectrum computed with the
t = 11 days. modified outer density described in the text.

from Mazzali et al. (2000)



Signatures of high velocity
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F1G. 8.—Original density structure of the hydrodynamical model
CO100 (solid line) and the modifications introduced to improve the spec-
tral fits (dashed line). The outer part of the modified density structure has a

power-law index n = —4, while the inner extension has n = 1 between
v =3000and v = 5000 km s~ 'and n = —1 below v = 3000 km s~ .
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F1G. 2—Observed, smoothed spectrum of SN 1997¢ef on 1997 Novem-
ber 29 (thick line), compared to two synthetic spectra computed for t =9
days. The dashed line is a spectrum computed with the original model
CO100, while the fully drawn thin line is a spectrum computed with the
modified outer density described in the text.

from Mazzali et al. (2000)



Signatures of high velocity

N SN Type E. . Mejb E’ M.° 0. Comments
| 1997ef (1)  Ic-BL 20 8 O 04 20° No GRB
\
\ 4 1998bw (2) Ie-BL 50 11 >2 ... ... [IGRB980425
N 1 2002ap(3) IeBL 4 25 03 - .- No GRB
2003bg (4) IIb 5 45 1 02 20° No GRB
2008D (5) Ib 6 7 1.4 X-ray burst
_o/|=—SN 1997ef 2016jca (6) Ic-BL 50 10 >2 ... ...  GRBI61219b
10 1=—SN 2002ap E
|—SN 1998bw | References. 1. Mazzali et al. (2000) 2. ITwamoto et al. (1998) 3. Mazzali et al.
|— SN 2003bg from Piran et al. 2019 | (2002) 4. Mazzali et al. (2009) 5. Mazzali et al. (2008) 6. Ashall et al. (2017).
_ SN 2008D

— Spherical model |

0

10

V/V

Scale velocity:|

Fig: Energy-velocity distribution as a function of the velocity for various SNe



Distribution of the duration of GRBs
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Distribution of the duration of GRBs
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from Bromberg et al. 2012
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Estimate for jet breakout:

2/3
- L. 13, g\ [ p M.
~ 15 sec — —
PO 10°1 erg/s 10° SR 15M

- Jets (try to) drill their way out of the star;

» Some collapsars (or a large fraction) harbor
a jet, (t}, ~ b, —1.);

* Not all these jets might be able to break out
(7. <t )

) 1/3



Jet - matter interaction
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Jet - matter interaction

Jet’s head & contact

COllimated Jet Uncollirnated Jet discontinuity
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Jet head dynamics: Jet collimation parameter
from Bromberg et al. (2011)
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Height of the jet after end of injection: Zehoke = J Predt ~ fict ke = -y t,
0 — Fh
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logp [g cm™]

- - from Harrison et al. (2021)
Simulation setup .
Jdeb heoad ==~ 3
2D cylindrical RHD simulations performed with PLUTO (Mignone, 2007): 25
 Jet injected through a narrow nozzle w/ Zj = 712 2
: Stellar —
envelope
. Relativistic energy flux L; = J T% dX%,,, = pjhjczrjz,ﬁic ] s
'* ] * ] — I
' ~ — — 51 . 105
with FO,j ~ 1/(1.46’j) , hj =100, E, = 10°" erg; i
10
Jebt cocoon=—"""
unshoked jet
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Simulation setup

2D cylindrical RHD simulations performed with PLUTO (Mignone, 2007):

» Jet injected through a narrow nozzle w/ Zj = 7r?

ev\vewpe

Relativistic energy flux Lj = | 7% dZOZ = pJ 2F2ﬁ C

1/(1.46))  h = 100 . E 105! ero

» density profile for the stellar atmosphere:

with F()

Jdebt head ———>re

| tellar "

from Harrison et al. (2021)

x1010

R 2
A —=1) +p, forR<R..
p(R) = 3" (R ) Fo

for R>R>x<
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Simulation setup

2D cylindrical RHD simulations performed with PLUTO (Mignone, 2007): 25
. Jet injected through a narrow nozzle w/ X; = zr? 2
: Stellar —
envelope
Relativistic energy flux L; = T dZOZ = pJ 2F2,6 C P 1t
i |
with s = 1/(1.40) , hy = 100, E, =107 erg ;
» density profile for the stellar atmosphere: .
Jet cocoon——""
(R* ’ N
_ ) P+ ——1> +py, for R <R, .
PR) = R unshoked jet _
,0()9 fOI‘ R > R* . )

 We can scale our system via following transformations: 13

R. = JR! t, = At k=L
75E() — I’IE(,) P = 7’]/1_310; - Cthe/R* _Zhoke/R; d 45 <4 48 0 05 1 1§ 2

from Harrison et al. (2021)

logp [g cm™]



Choked jets simulations

16

* Injection phase lasting for ~ few s (1 s in this picture);

['B/Bo

denSity P/ Pmax

-10°

pressure P/ Pmyax

-10°

from Pais, Piran, Nakar (2023)

jet tracer .
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Choked jets simulations

* Injection phase lasting for ~ few s (1 s in this picture);
» Jet choking (few tenths of second);

from Pais, Piran, Nakar (2023)

[B/Bn . densitv 0/0may . pressure P/ Pmay . iet tracer

100 100
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0.3 10
0.2-
1073 0.1 1074

0.0 0.2 0.4
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Choked jets simulations

* Injection phase lasting for ~ few s (1 s in this picture);
» Jet choking (few tenths of second);
* Cocoon Expansion and breakout;

from Pais, Piran, Nakar (2023)

llOGA

;10_1

[B/Bn ) density 0/0mav . pressure P/ Pmax . iet tracer

Z fiéiacmj

;10_2

103

10~%

2.0
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z[101%m]

Choked jets simulations

19

Injection phase lasting for ~ few s (1 s in this picture);

Jet choking (few tenths of second);

Cocoon Expansion and breakout;

Breakout and star blanketing.

['B/Bn

density 0/0max

r[101%m]

109

_10—2

_10—4

10°

108

10—10

10—12

10-14

pressure P/ Pmax

r [101%m]

109

_10—2

_10—4

10°°

108

1010

10—12

10—14

from Pais, Piran, Nakar (2023)

et tracer

r [101%m]



Successful jets simulations

* |njection phase lasting for ~ few s (1 s in this picture);

* Injection continues or stops before jet is ~ (2/3)R:
* Breakout;

» Jet material spreading sideways;
from Pais, Piran, Nakar (2023)

pressure P/ Pmax jet tracer

density p/Pmax

[B/Bo




Jet characterization

— to= 4 s — to= 0.85
to= 2s — t.= 0.67s from Pais, Piran, Nakar (2023)
1.4 —— t.= 1.35s —— to= 0.57 s
6j=02rad __ ¢t =15 —— to= 055

6(zn)

0.0 0.2 0.4 0.6 .10_1 | | - IlCl)O | | - Il(l)l | 10-1 | | - IlCI)O | - Il(l)l
r[10°%m] t [s] Zh [1019 cm]

* Does the choking height mirror the energy-velocity distribution?

21



Jet characterization

— to= 4 s — to= 0.85
to= 2s — t.= 0.67s from Pais, Piran, Nakar (2023)
1.4 —— t.= 1.35s —— to= 0.57 s
6j=02rad __ ¢t =15 —— to= 055

6(zn)

0.0 0.2 0.4 0.6 .10_1 | | - '1(')0 | | - Il(l)l | 10-1 | | - IlCI)O | - Il(l)l
r[10°%m] t [s] Zh [1019 cm]

* Does the choking height mirror the energy-velocity distribution?

* (Good correlation with jet-cocoon volume vs total volume:

IBO — \/ZE/Mcz <,0>x<> = <pcocoon>

22



Energy-velomty distribution (at the homologous phase)
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Energy-velomty distribution (at the homologous phase)
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Cocoon volume - choking height correlation

from Pais, Piran, Nakar (2023)
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Origin of the ejecta with different velocities
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from Pais, Piran, Nakar (2023)
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Origin of the ejecta with different velocities
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from Pais, Piran, Nakar (2023)
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Effect of different stellar profiles at the homologous phase
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Profiles at different:angles
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Profiles at different angles
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Takeaway points / Summary

* Jets choked (not too deep) provide a natural explanation to the fast material
seen in the early spectra of stripped-envelope SNe without LGRB;

 SNe not associated with GRBs possibly harbor choked jets while LGRBs
contain a successful jet;

. All jet-driven explosions with 7 .. =~ R« have a roughly constant amount of
energy per logarithmic scale in I 5;

* jets, even if choked, carry a significant amount of energy at high-velocity matter;

« However, to observe broad absorption lines, we need a choking at 7 i = Rx;

» Off-axis material will become optically thin faster, disappearing earlier in the
spectra, making the observation less likely... ;

* QOur results can be easily scaled for longer jets and bigger stars according to our
scaling relations, generalizing the result;




