Magnetic field amplification
by the relativistic
shock-clump interaction

arXiv: 2204.08222v1
Sara Tomita (Tohoku University)
Yutaka Ohira (The University of Tokyo)
Shigeo S. Kimura, Kengo Tomida, Kenji Toma(Tohoku University)
The 7th Heidelberg International Symposium on High-Energy Gamma-Ray

Astronomy (y -2022), Barcelona, Spain, 4-8, July 2022


https://arxiv.org/abs/2204.08222

Kinetic energies

Thermal particles ot
P _ Thermalization of outflows from
Non-tharmal narticles (Particle scattering -
. astrophysical
etc.
l ? (d) . Shm'k Front

nstream

- Energies and rates of th - o ';w‘_. —
Cosmic rays T S Yo
10° F = " . g

protons only PEB _— ! MHD waves ‘
3 T e
N O n - t h e r m a I ﬁi all-particle “'GI—I;TEWCS f‘:f:_:‘:ie—z’% Soheiw
radiations © "= 7 gt
7] HE!

X
o s
) pogitrons x E CasaMia —e—
£ k’i\x ‘ Ti
4

AAAAA —a—

B—fieldxs arod shocks is neede to
reveal the particle acceleration and
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Magnetic Field Amplification in Collisionless Shocks

©Turbulent dynamo amplifies b-fields in the large scale 155 > Tg.
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@MHD simulation cannot solve b-fields amplification

concerning high-energy particles.
@ Particle diffusion is negligible?? _

Density structures are maintained in post-shock regions? ,




_ ] _ *Source code given by Matsumoto Y.(Chiba Univ.)
®Particle-in-cell (PIC) simulation

« Two —dimensional electromagnetic PIC codex.

- eT plasmas
+ Calculator : Cray XC50 (3000core) @NAOJ 5\ itude

- Boxsize : L,=3120%,, L, = 1200, N /N
(Ax = Ay = 0.1%w,,) ,
0
- Number of particles : nj=120/cell, Total~1012particles
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® MHD simulations are also performed in the same setup.

Athena++ MHD code.




GSD approximation (Sironi & Goodman 2007) A
MHD sim. m Theoretical estimation based on
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rge : Gyroradius of thermal particles

® Ac/rge =53.7, in the shock compressed b-fields
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MHD : Clump is deformed in the shock normal direction.

PIC : Density distribution is uniform in the y-direction
due to particle streaming.




rge : Gyroradius of thermal particles
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MHD : Vortex is generated.
PIC : Particle streaming suppresses the vortex motion.




Binaxl distribution (A¢/rge = 53.7, n/ngy = 2,20)
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Time evolution of the |B,,.,|
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In relativistic collisionless shocks,
 the shocked clump
. from the clump suppresses the vortex motion.

« B-field amplification due to the turbulent dynamo caused by
the shock-clump interaction is not efficient.

Future work :

- the dependence of the ratio of 4./, on the effect of escape
and diffusion?

- the dependence of the plasma parameter (magnetization etc.)

« When shocks interacts with multiple clumps, sound waves or
weak shocks interact with each other. -> turbulence occurs?
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The vorticity in the PIC is much smaller than that in the MHD.



Particle-in-Cell(PIC) Simulation

Fundamental Equations :
« Equation of motion of N + Maxwell equations

particles 10 _ o o 4_7T].
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The Algorithm: N
1. Compute charge density in a grld point:s s
from velocities of particle in a cell. . L
ey. y ,/
2. Compute electromagnetic field in 'grlq |3,0’|,m5_
k.’ SR

from the charge density.
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3. Update velocity and position.
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