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Gamma Ray Bursts (prompt emission)
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Observational data
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GRB0O60614, from Gracia-Cifuentes, Becerra & De Colle (2023)

Variability due to shock front collision

A relativistic jet is propagating

The shock region zoom
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TDRSS Satellites
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This gamma-ray burst was recorded on August 20, 2005, by the
RAPTOR telescope system located at the Fenton Hill Observatory, near
Los Alamos.




The complete GRB emission (on-axis)
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TheProgenitors of Gamma Ray Bursts
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Jet, Cocoon and supernova from collapsars

Cocoon, non thermal
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Central engine
formation

Breakout from the star
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Explosions from mass

Successful Jet 1 Jet + Supernova B Failed Jet ™ L Supernova
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Collapsars are studied at two different scales

Small scales, e.g, Obergaulinger & Aloy 2020 e.g., beyond the star surface Urrutia + 2023
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Neutrino transport is not included In our study
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Connection of central engine activity with large scale dynamics?

 Magnetically driven explosions e.g. Burrows 2007;
Moesta 2014

 Luminosity vs time

* Distribution of velocities

» Variability

 Mean life time of the progenitor
» Jet opening angle

* Final estructure of the jet
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Jet launching from the center

Fast spinning BH (e.g., MacFadyen & Woosley 1999)

Angular moment distribution [ Iy sin“(0)

Dynamical time  fayn ~ 10

Accretion rate M~ 0.1 Mgys™

14 15
Magnetic Field By ~ 107 =107G

Flux ® ~ 10°" G m™*

(e.g., Burrows 2007, Mosta 2014; 2015;
Obergaulinger & Aloy 2020; Gottlieb 2022)
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Progenitor Star
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Central engine activity
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Jet luminosity and efficiency
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High magnetized Weakly magnetized
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Jet propagation

High magnetized Weakly magnetized

Shock front
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model m1-10~'B0

Jet structure
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Afterglow estimation from jet structure at 3 GHz
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Afterglow estimation from jet structure at 3 GHz
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Summary

- Jets are launched only when a dipolar field with peak strength BO >1e12 G. It produces a magnetic
flux > 1e25 Mx.

- We obtained jet luminosities: 1€50-1e53.

- Strongly magnetized models develop a narrow, highly magnetized core surrounded by moderately
magnetized wings.

- Hybrid field geometries yield a quasi-cylindrical outflow described as a failed jet.

- The progenitor star impacts the final structure, morphology and emission of the jet.
Limitations:

- Only GR-MHD evolution in 2D, for example, hybrid 3d simulations Gottlieb 2020;2022;2024

- Not radiative transfer, or neutrino leakage. See Janiuk, Sahi and Urrutia (2025) about
Improvements on these methods.

- Evolution of BH spin, see Piotr Plonka (2025 to be submited) improvements on this approximation,
iIncoming Arxivl.
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