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Multi-messenger Astrophysics: GRBs

Non-photonic signals + Electromagnetic counterparts

m=m 0;=20°% n=10"°cm~3, E =1.5 x 10°! erg m— Ymax=3.5, E(>By)=2 x 10! (By) >, n=8 x 107> cm~3, £5=0.01
mmm 6,=15° n=10"* cm™3, Eis, = 3 x 10°° erg (from Margutti et al. 2017) 100~ ™™ Cocoon model from Gottlieb et al. 2017
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GW memory from ultra-relativistic sources

ﬂ TH = Jm () u? (1) 6W[x — x(7)]dr

4

M(T)"

1h* = — 167 T

u*(7)u”(7)

— Uy |x —x(7)]

W = — 4m

Braginskii & Thorne 1987, Segalis & Ori 2001, Sago 2004, Akiba et al. 2013, Birnholtz & Piran (2018), Leiderschneider & Piran 2021
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GW memory from ultra-relativistic sources

h+Eh)Z;CT=—hTT=

h

2G E [*sin”0),

COSs 2D

oo ¢t D 1-p%cos0,

2G E [f*sin*0,

= hTT — hTT —
WY 4 D 1—-p2cos 6,

(e.g., Urrutia et al. 2023)
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Initial conditions

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

» Stellar striped envelope WR (Woosley & Heger 2006)

m— 12 TH
wind M = 10"*M,,
== |nterpolation
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Where is the GW emission produced?
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Where is the GW emission produced?
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Succesful jet - GW signal
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Succesful jet - GW signal
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Detectability
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High frequency?
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Our Currently methodology

Jet dynamics » Post-processing
(simulations) (GW signals)

>

Detectabllity
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16



h. D [cm]

o
-
o

e
-
N

e
-
[N

o
-
-

o
-
L

e
N
N

~L

I

1073

102

101

17

109

101

102




Estimation of GW signals during the jet propagation (not post-processing)
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Estimation of GW signals during the jet propagation (not post-processing)
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Conclusions

* A new generation of observatories will observe GW signals from GRB jets.
* The rate of detection by DECIGO and BBO may be 10GRBsyr-! Gpc™

o 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 unigue information about the early jet dynamics, the
progenitor and the physics of central engine.
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