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Gamma-Ray Bursts?



Multi-messenger Astrophysics: GRBs
Non-photonic signals + Electromagnetic counterparts

Off-axis models (without structure) Cocoon and quasi spherical models

Mooley et al. 2018

Breschi et al. 2021

Old Jet’s modeling

Radiation from Kilonova

Improved Jet 
simulations

Example: GW/GRB 170817
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Yesterday: Talk by R. Margutti
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High opacity

Jet Dynamics ?
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GW Signals?



GW memory from ultra-relativistic sources
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□ h̄μν = − 16π Tμν

Tμν = ∫ m uμ(τ)uν(τ) δ(4)[x − x(τ)]dτ
u(τ)

m

h̄μν = − 4m
uμ(τ)uν(τ)

−uα ⋅ [x − x(τ)]α

Braginskii & Thorne 1987, Segalis & Ori 2001, Sago 2004, Akiba et al. 2013, Birnholtz & Piran (2018), Leiderschneider & Piran 2021




GW memory from ultra-relativistic sources
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(e.g., Urrutia et al. 2023)


Fluid Parcel



Star

Initial conditions

θj

Jet

ISM ρa = 10−5mp

1011 cm

108 cm

vj

ρj

pj
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(AMR Mezcal Code: De Colle et al. 2012)

Initial Conditions
Size of AMR computational box

• Stellar striped envelope WR (Woosley & Heger 2006)



Jet dynamics
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Where is the GW emission produced?
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Succesful jet - GW signal t = tobs
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Succesful jet - GW signal t = tobs
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Injection time



Succesful jet - GW signal t = tobs
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Injection time Breakout



Succesful jet - GW signal t = tobs
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Injection time Breakout

Acceleration phase



GW signal tobs = t − cos ϕ sin θobsR/c − cos θobsz/c
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Detectability
h ∝

E
Dc4

D = 1 Mpc

E = 1052 erg

θobs ∈ [0∘,10∘] ⟶ Rate [yr−1] = 10 LGRB

θobs ∈ [10∘,40∘] ⟶ Rate [yr−1] = 3 LGRB
θobs ∈ [40∘,90∘] ⟶ Rate [yr−1] = 0.1 LGRB

Ligo

LISA

ALIA

eLISABBOASD = 2 f1/2 | h̃( f ) |

Sensitivity curves from Moore et al. 2014
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Detectability
Fermi

Swift

Gehrels, Ramirez-Ruiz & Fox (2009)

Urrutia, De Colle, Moreno & Zanollin (2022)
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Detectability
Fermi

Swift

Gehrels, Ramirez-Ruiz & Fox (2009)

Urrutia, De Colle, Moreno & Zanollin (2022)



High frequency?
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Gottlieb et al. 2023

Δt ∝ 10−4 s (Temporal resolution)

Ecocoon = 1052 − 1053 erg

h ≈ 10−22 40 Mpc
D

E
1053 erg

Storage ~ Petabytes



Our Currently methodology
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Jet dynamics

(simulations)

Post-processing

(GW signals) Detectability

Jet dynamics

(simulations)

+ GW signals

Detectability

New implementation

New methodology

Sotorage ~ GB

Computational time: 1 week  

Sotorage ~ TB

Computational time: 3 days  
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10−2 s−1

10−3 s−1

10−4 s−1



Estimation of GW signals during the jet propagation (not post-processing)
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Δt ∝ 10−4 s (Temporal resolution)

Ram memory ~ GB

Storage ~ GB

Urrutia  (in Prep)

ASD = 2 f1/2 | h̃( f ) |

LIGO 04

VIRGO 04

CE
KAGRA

ETLISA

ALIA

BBO
DECIGO

Ej = 1051 erg

tj = 10 s

R⋆ = 1011 cm

Jet θobs = 5∘

Cocoon θobs = 30∘

hjet ∝ E(Γ ≥ 10)
hcocoon ∝ E(Γ < 10)

Dobs = 1 Mpc



Estimation of GW signals during the jet propagation (not post-processing)
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Urrutia (in Prep)

LIGO 04

VIRGO 04

CE
KAGRA

ET

LISA

ALIA

BBO
DECIGO

Ej = 1052 erg

tj = 2.5 s

R⋆ = 1011 cm

Jet θobs = 5∘

Cocoon θobs = 5∘

Dobs = 1 Mpc

θobs = 30∘



Conclusions
• A new generation of observatories will observe GW signals from GRB jets.


• The rate of detection by DECIGO and BBO may be


• Jet parameters: injection time, L(t), velocity, size of GRB progenitor, 
acceleration region, jet observing angle are strongly connected to the shape 
of the GW signal.


• GW signal will provide unique information about the early jet dynamics, the 
progenitor and the physics of central engine.
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10 GRBs yr−1 Gpc−3
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Thank you! - Grazie! - ¡Gracias!


