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Gamma-Ray Bursts (prompt emission)
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Gamma-Ray Bursts (afterglow emission)
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Gamma-Ray Bursts (progenitors)
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The origin and evolution of Short GRBs
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Post-merger evolution of the jet

Density + magnetic field lines, t =0.00tg
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Small Scales
GRMHD simulations
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Post-merger evolution of the jet

nterstellar

meaium

e

g GRB
gl Prompt emission

1.00(|e+18 3.16t|e+21 | 1.00e+25

Intermediate
Blue 10° < r <10 cem
Scales
Wind + hydro RMHD or RHD simulations

Ejecta Red

KN

-0.04 -0.02 0.00 0.02 0.04
r/c

& ®
GRB central
Engine

e.g., Urrutia et al. 2021

Cartoon of GRB evolution (Stefano Ascenzi)

14



z/c (x1076)

rger evolution of the jet
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Lessons from GRB170817A

Gamma rays, 50 to 300 keV

Gravitational-wave strain

GW170817

GRB 170817A

Sy (H)y)

| @ Radio data (3 GHz)
| mm 6=10° n=25%x10"*cm™3, E;, =6 x 10°0 erg

m=w 6,=20° n=10"%cm3, E4 =1.5x 10°! erg

mmm 6,=15° n=10"% cm~3, Eiso = 3 X 10°0 erg (from Margutti et al. 2017)

Off-axis models (without structure)

100
] h“--~.....ﬁ.
,:0' ¢~~§~p'.
P ~—00 =S
/‘/'/ + O TN
Y .
/’ I& ~.
5 ..
L
10+ ’/ : ’ 0
I/ 1 - Old Jet's modeling
/ !
| lb 2'0 3'0 4'0 | 6'0 | 8'0 '1(50

Time (d)

Sv (uly)

100

| @ Radio data (3 GHz)

|{Cocoon and quasi spherical models

mmw 3,,.,=0.8, E(>By)=5 x 10°° (By/0.4)™>, n=0.03 cm—3, £5=0.003
m— Vax=3.5, E(>By)=2 x 10°! (By)™>, n=8 x 10> cm~3, £=0.01
m m Cocoon model from Gottlieb et al. 2017

—

Improved Jet

simulations
2'0 3'0 4|0 | 6'0 | 8|0 | 100
Time (d)

Mooley et al. 2018

mag

Radiation from Kilonova

Breschi et al. 2021

100
t |days]



n=10%-5x103cm=3

E=10%-10%erg

Mooley et al. 2018

10

RB170817A: off-axis and structure
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The Jet structure is modified by the interaction with post-merger winds

Energy distribution (jet structure)
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Looking for self-consistency at intermediate scales
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Our Connection between small and large scales

Small scales

| General Relativistic MHD simulation
(pu,)., =0

I =0

™ =T+ T

-HARM CODE (Gammie 2003)
-HLL solver
-Kerr-schild metric

Neutrino treatment (Janiuk et al. 2013)
The neutrino optical depth

B H
B 4%0T4

Ta,u; a.,v;
Species:
p+e —n+vr,
n+et = p+i,

e +e — v

r<3x10%cm

Importing data

Methods:

- The disc wind outflow was performed by
Nouri et al. 2023 by GRMHD simulation.

- We constrain the jet parameters from
GRMHD simulation.

- We import outflow data as an initial
condition for a large-scale simulation.
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Large scales 10°cm <r < 10''cm

Special Relativistic HD simulation

' (puﬂ);y =0
‘ Iy=0
TH = Tr’fl”

- Mezcal Code (De Colle 2012)
- Adaptive Mesh Refinement

- HLLC solver

- GR effects not considered



Outflow characteristics
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Initial conditions
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Outflow tracers processed to follow r-process and get the gas pressure

S, 12 22 Temperature = 3.70E+09 K 1o 12
= 8 —  Temperature [K] 20 . 3 108 -
o 4 — Density [g / cm7] 18 Density = 7.48E+07g/cm 106 m -E.
. . 104 oo
2 — Heating rate [erg /s / ] % Heating rate = 1.92E+18erg/s/g 102 un
= Of {16 & 100 278 232
s 14 £ Entropy = 1.00E+01kB/baryon _ 9 —
3 220
- - _ 94 ul
o 8 12 & Ye=0.010 0 HH L 216
~ —12}F - g s 90 0 LI 208
' 204
. _1el - 86 200
= 1o 8 & 84 -LLLL i Lo Abundance
& 20} . 82 - - o 10°°
et 80 ‘-\.LL O g O 192
o —24} 78 N o 188
2 _oa N\J4 y 76 O 5 180 184 ;
_ T EHE ;
2 103 10! 10* 103 10° 10’ 10° 1 H 7 176 10
= Time [s] o SEsiziirissas 168
1 164 . -4
64 N o st O 156 160 Unstable nuclide 10
HH o . 152 _
qoo 148 O Stable nuclide
140 144 — : 10~
136 = Missing nuclide
132
128
- 11 Closed neutron shell -6
129 124 10° | -
112 He = Closed proton shell
oo 104 Time = 1.00E-03 s o7 b
96 = 1.0 ms
92 8
88 2 10
1 10"
-4 )
£ 0.8 107 ¢ 10°
E -
Y 0.6 10° §
g 2 o B
w 0.4 \ 10°% §
: \ 10 Q
8 2 0.2 10 10 |-
° uf 20 24 %8 0 — 10+
2 Eﬁ 12 16 2 72 94 111 145 170 188 206 253 337
0w, 8 » N Made with SkyNet by Jonas Lippuner neutrons 1°' peak 2" peak rare-earth 3" peak fission material A 10 %

(Lippuner & Roberts 2017)

16



Wind distributions at . ~ 2 x 10° [cm]
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z[3 x 109 cm)]

Results of jet interaction

Jet from NSNS merger
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Results of jet interaction
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Jet anatomy: each component is distinguished by the velocity
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Disk wind changes the jet collimation and cocoon lateral expansion
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Energy evolution (jet from NSNS)
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Future distribution of the kilonova
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Future distribution of the kilonova
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Future distribution of the kilonova
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Summary and Conclusions

* The r-process effects was considered to recover the gas pressure of the wind.
 We found that the wind produces a jet collimation (pressure effect).

* The interaction of the jet with a homologous wind results in a spread
distribution of material and energy.

* The disc outflow modifies substantially the dynamics of the jet, making it an
essential component in Short GRB dynamics.
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