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Collapsars are multi-messenger
sources
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‘Hot’ Fusion forces together Deuterium &
Tritium to release vast amounts of energy
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Collapsing star
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Collapse of a rapidly differentially rotating supermassive star with an initial m=1 density perturbation
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Collapse of a rapidly differentially rotating supermassive star with an initial m=1 density perturbation
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Accretion + Magnetic fie
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Magneto-rotational Core Collapse: Philip Moesta
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Gravitational waves in collapsars
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Equation of memory

Neutrino Memory
Strain
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Electromagnetic counterparts



Jet, Cocoon and supernova from collapsars
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Collapsars

Compact

mergers
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Jet Variability = o o

Observational data
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Merging GW signals and EM signals



Main question

Can central-engine variability and energy injection in collapsar jets produce detectable GW signals?
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Central englne activity
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Conecting Central engine with Light curves
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GW from ultra-relativistic sources
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GW from ultra-relativistic sources
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GW memory from ultra-relativistic sources
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Previous estimations of GW signals from GRBs

Urrutia, De Colle et al. 2023
It is expected the emission of GW
memory, that depends of jet
luminosity and geometric factors
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Connection with jet evolution
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Connection with jet evolution

Successful Jet 1

Lab Frame
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Connection with jet evolution

Successful Jet 1

35 Lab Frame
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Connection with jet evolution

Successful Jet 1
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Previous estimations of GW signals from GRBs
Gottlieb et al. 2023
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Previous estimations of GW signals from GRBs
Soker et al. 2023
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Intermediate summary

Elements to generarate our hypothesis

 Can GW from jets generate high frequency GW?
* Which elements generate that: Turbulence, central engine activity ?
» Jittering jets or variability from the central engine?

 We would like to have an interpretation or direct observations of the physical
properties of the jet
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Modeling Cosmic Explosions
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We rewrite the equations to express a general rule
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The solution of such global expression

Numerical simulations are our virtual laboratory to reproduce extreme conditions
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The solution of such global expression

Numerical simulations are our virtual laboratory to reproduce extreme conditions
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Shock capture scheme

Numerical simulations are our virtual laboratory to reproduce extreme conditions

14 levels
16 levels == —~-

18 levels
20 levels ===

1.0015

- Eulerian Special Relativistic Hydrodynamics
- Harten-Lax-van Leer-Contact; methods

- Fortran 90

- MP|



The initial conditions of the jet
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Jet models

Three numerical experiments

- Constan luminosity:
to study the
progenitor efects

- Smooth increasing: to
study the rising
effects

- Luminosity imported
from GRMHD
simulations




Jet dynamics
(simulations)

Our previous methodology

Post-processing
(GW signals)

Detectabillity




Our previous methodology
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New methodology: module coupled with simulation
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New methodology
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Results

» Effects of observing angle

* Frequency regions of EM counterparts, jet activity, central engine and GW
o Effects of progenitor

o Effects from luminosity evolution

» Detectabillity



Regions of emission
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Measuring luminosity from different regions

Jet luminosity aligned by arrival time at each surface
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Frequencies involved

Intrinsic jet luminosity
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The effects off progenitor star
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The effects of the energy injection
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The luminosity Is self-consistent with GRMHD simulations
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From the strain evolution, we estimate the ASD
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Conclusions

 We developed a module that captures gravitational wave signals from SRHD
simulations.

 GWs can reveal hidden jet activity, central-engine variability, viewing

geometry, and choked/off-axis explosions even when EM counterparts are
weak or absent.

o Jets that presents high peaks in luminoisity at high frequencies could be
candidates to observe with a new generation of ground based
interferometers. (~100Mpc)
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