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Multi- zone collision model
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Ultraefficient shocks
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- Kobayashi, S. & Sari R. Rishin

R Plasma shells propagate at different speed
2001, Astrophys. J., 551, @
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TABLE 1
EVALUATION OF EFFICIENCY W
Efficiency Efficiency . . - . '
ANNAE
[{ee =01) (e, = 0.5)] L N Ans
- - . Shells merge and particles are emitted
30....... 102 10° 92423 16.2 + 3.0
30....... 10 10* 40.0 +£9.2 67.5+9.3
10%...... 10% 103 151+ 1.5 177+ 1.5
10°...... 10 10 629448 724143 . i 3 F B

Taken from KS ‘01, assuming initially equal masses
. Shells separate again
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Now... how do we set it up?

- Aim : Make it comparable to the standard multi — zone

collision model

- ldea: Lightcurves should resemble one another + same
basic features of the system
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Now... how do we set it up?

- Aim : Make it comparable to the standard multi — zone
collision model

- ldea: Lightcurves should resemble one another + same
basic features of the system
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What changes?



Optical depth

Merging shells
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Optical depth
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Collision radii

Merging shells Reflecting shells
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> Less collisions at small radii

> More collisions at large radii (releasing less energy)
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Particle production

Merging shells Reflecting shells
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But how well supported Is the
model?



Hydrodynamics of colliding shells

Hydrodynamic simulations

> PLUTO : finite-volume / finite-difference, shock capturing code
Integrating a system of conservation laws — numerical solutions
for high Mach number flows in fluid dynamics

> Assumptions:
(1) no radiative cooling
(2) cold plasma shells initially
(3) shells move with relativistic speeds

(4) no magnetic fields
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Hydrodynamics of colliding shells

Setup: identical to KS ‘01

DB: data.0000.vik
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Hydrodynamics of colliding shells

Setup: identical to KS ‘01

r.=10
I'.=1000

A=A

-

Behavior can be reproduced,
but shell spreading cannot
be neglected.

— How robust is the model?
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Hydrodynamics of colliding shells

Setup: Identical to KS

DB: data.0000.vtk ‘01’ bUt equal energy
Cycle: 0 Time:0

r.=10
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Hydrodynamics of colliding shells

Setup: Identical to KS
‘01, but equal energy
r,=10
I'.=1000
A=A,
/Dependency on: \

> Lorentz Factors of shells

> Relative densities

\> Time between collisions /
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What could be reasonable
parameters?



Current model parameters

Equal energy - case

Time between collisions

0.6

o
wn

I
IS

=]
W

0.2}

fraction of collisions

0.1}

1 merging shells

[ reflecting shells

-3 -2 -1 0 1 2
loglO(At source

Annika Rudolph | NEUCOS Workshop | 30.05.2017

Distribution of Lorentz- Factors
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Current model parameters
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Distribution of Lorentz- Factors
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Combine with PLUTO simulations
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Combine with PLUTO simulations

Maximum densities

After 200 s in the CD frame After 1000 s in CD frame
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Combine with PLUTO simulations

Maximum densities

After 200 s in the CD frame After 1000 s in CD frame
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... SO whats the conclusion?

~ Reflecting shells unlikely

- At least some of the shells will disappear after the collision

Future prospects:
> Benchmark models

- Peak finder — merging / reflecting shells
> Include radiative cooling / magnetic fields
~ Limit particle acceleration / radiation on mildly relativistic shocks

> Couple multi- collision model to hydrodynamic simulations - each
collision is treated individually by PLUTO
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