Numerical simulations of Long Gamma
Ray Bursts from small to large scales
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Long GRBs
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Scenario tinj (s) | Energy (erg)
Successful jet 10 10°1
Successful jet 2:) 107%
Failed jet 10 10°1
Supernova 1 10°2
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18
15 -
£ 12
OO
=
"~

Urrutia et al. 2023

061

tme=7s

3

150

6

06 1.2 18 24 3.0

3 :

12 15 18

time =300 s
750

Jet dynamics

tme=7s

_3

6

9

450

Failed Jet

time=7s
0.9 1.2
3.0

2.4

1.8

1.2

0.6

tme=14s

12 15 18 0.6

750 0

1.2 18 24 3.0

time =300 s
120 180 240

1.2

0.9
0.6 1

0.3

0.3

06 1.2

60 120

Supernova

--------
i sl

tme=7s

0.6 0.9

18 24 3.0

time =300 s
180 240

1.2

I 1025

1023

[—
= —
N )
- o

[w—y

=)
(=)
|

(-1

&
[
[,

Il()24

1017

[’pHc? [erg cm™]



The collapse of massive star produce a Long GRB

» Fast spinning BH (MacFadyen & Woosley 1999)
» Angular moment distribution
&5 « Funnel
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- Magneto rotational core collapse (Mosta 2014;
2015; Obergaulinger & Aloy 2020; Gottlieb 2022)
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Figure Credits: Dado et al. 2022



Long GRB Jet is a multi-scale problem

~1011 e¢m ~1013 cm ~101% cm

GRB afterglow
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collisions between
parts of the flow
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Launching point far from the central engine



Launching point far from the central engine

Non symmetric (variable source)
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Launching point far from the central engine

Kinetic or pressure dominated jets
Non symmetric (variable source)
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Launching point far from the central engine

Non symmetric (variable source)
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Kinetic or pressure dominated jets
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Intermediate scales

The jet is imposed as a strong shock condition

» Stellar striped envelope WR (Woosley & Heger 2006)
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Initial Conditions

Size of AMR computational box




Jets initially structured

Gaussian jet + Supernova

Pressure dominated Kinetic Dominated
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Jets initially structured

mee= P 4+ SN Gaussian
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Jets initially structured
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Simulations from small scales

Rotation
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Simulations from small scales
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Simulations from small scales

80 g
] X v ' ¥ ¥
Pseudocolor ] A \ A
Var: u2 -
‘ 0.2000
60 -
— 0.4500 ] L A
— 0.000
2 40 -
—-0.4500

.——O.QOOO

Max: 9.960e-16 ]
Min: -9.286e-16 20

Vector

Var: field_vel
3.343, :
- o)

2,507

o>
1,671 :
-201

0.8357
e 374%53911 :
ax. : 7
Min: 7.353e-11 —40]

- @)=
4

~60-

BHAC code £ — , " | | *, Y

L] P PR PO PLE ) L LILPLELIL PR B PP LAY BRI P TG (LT LU VRS PLY RILLLD.
-40 -30 -20 -10 O 10 20 30 40

YX_Aw1l S




z[x10% cm]

Initial magnetic field configuration
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z[x107 cm]

Jet launching and evolution
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Density
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Flux evolution

= Syccessful : Sy ccessful
——— Failed 10°° 3§ —— Failed
10°!
1
7p) 50
& 10
O
) 1049 _
[
"~
-~

100




10°°
1052_
1049_
1046_
1 1043 -
1040_
1037_

1034_

Energy components and structure

Magnetic

1072

10°3 |

dEiso/dQ

10°9 4

10°1 4

0.0

0.2

0.4

0.6

0.8
6 [rad]

1.0

1.2

1.4




101 em

Computational box

We follow the standard afterglow estimation
(Sari, Piran & Narayan 1990; Granot & Sari 2002)

- Blandford & Mckee 1976 model
- Synchrotron emission. Magnetic field amplified in the shock front.

Yesterday, Talk by Emma Dreas: The kinetic component dominate at scales > 10*1 cm



Off-axis Observer
(e.g., Radio 3GHz)
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Off-axis Observer

) (e.g., Radio 3GHz)

R/(0) ~ (E@)/pT3(0)
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Extrapolation

Computational box

We follow the standard afterglow estimation
(Sari, Piran & Narayan 1990; Granot & Sari 2002)

- Blandford & Mckee 1976 model
- Synchrotron emission. Magnetic field amplified in the shock front.

Yesterday, Talk by Emma Dreas: The kinetic component dominate at scales > 10*1 cm
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- Blandford & Mckee 1976 model
- Synchrotron emission. Magnetic field amplified in the shock front.
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Conclusions

. At scales r ~ 10%cm and ¢ ~ 2g, the jet is still magnetized. In this scenario,

strong shock conditions imposed far from the black hole could be not
consistent with the central engine activity.

« At intermediate scales, the kinetic energy is still not dominant, therefore, an

analytical expansion for estimates of afterglow radiation could not represent a
correct interpretation.

- Failed jets are produced in a low-magnetized scenario. It happens when the BZ
mechanism is not activated. It is more related to the previous evolution of the

progenitor star (special configuration of the magnetic field) and not to the
dynamics of the jet.
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