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Distribution of opening angle of GRB jets
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What determines opening angel of jets ?

Naive expectation Our model
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For the jet from collapsars, the jet is influenced by
the interaction with stellar envelopes.
Before shock break , the jet is not well accelerated (I'~O(10)).
Numerical simulations by Aloy et al(‘00),Zhang et al.(‘03,’04),
Mizuta et al.(‘06,’09), Lazzati et al. (‘09), Nagakura et al.(‘11)
Analytic work by Bromberg et al. (2011)
How about after shock break ?



High resolution 2D relativistic hydro. simulations
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Why Is high resolution necessary ?

hl" (=const along stream line, steady state :Bernoulli's principle)
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Lorentz factor

mass density
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Cocoon confinement (Before break)

Collimated Jet © ¢ on ot ¢ @ w © ¢+ N o N ¢ © © o
Ambient Jet’s head - ! L : "_ - : ' : '-
I I I I 1 | 1 | | 1
medinm o )
B g 9 —_——
e o———— T —— $ 8 - =
Clocoon / S 3 3
/ E E
pressure G o
\ B =
|| T “.: L =
E E
3 i,
b = <
S 1 & 4o 4
Ty} ol o
I L
by ~
3 5
@ a | |
3 B
nD - [
= < B 3
] A2 |
ol O =1 : :
1 1 1 1 1 a | 1 1 1
9} [0} o o o 2] o)} o [+]]
o o ] Q ] o a
+ + + + + + +
@ @ @ @ @ @ O
¥ o o ¥ 4w N

jet injection

Bromberg + (2011)

collimation shock
+

Cylindrical jet (I'~T")

See also Komissarov & Falle 1998

After collimation shock, jet is almost
cylindrical shape as Bromberg et al. predicted.
Some obligue shocks can be seen inside the jet
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Probe particles
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Every 0.01s, 32 particles are injected with the jet
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Particle traces (injected at t=5 s together but different r)

LJ-=5)(1O50 erg/s, I')=5, Azmm=Armm=5x106 cm

Only components
| (h[F >100) are shown.
(Injected @t=5s)
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Probe particles allow us
to follow Lagrange motion of
the gas.

Particle path is bent, when
particle crosses the shock.

Each particle path is straight
line at z>8e10cm.

Opening angle of the jet is
defined as the most outer
particle path.



opening angle (rad)
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Time evolution of jet opening angles
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1D Pressure profile in the cocoon
Lj=5x1 0°° ergls, I'g=5, Az_ =Ar . =5x1 0° cm
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Distribution of opening angle of GRB jets
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Conclusion

@®High resolution calculation of jet from collapsars have been
done to avoid numerical baryon loading

@®Pressure drops in the cocoon just before the break due to
exponential drop of the progenitor's mass density profile.

Lorentz factor increases to about SXFO at the break.

@ The opening angle after the break for first several seconds
0.~CxI'y*t (C~1/5)

@ Structured jet is preferred for large opening angle jets.
(ex. GRB120422A short duration, low luminosity)



Why is high resolurtion necessary ?
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Numerical simulations of GRB jet from Collapsar
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opening angle (rad)
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opening angle (rad)

GRB 120422A/SN 2012bz(Ic%)
(Zhang+, Melandri+2012,Levesque+2012)
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