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Collisionless shocks as particle accelerators

Planetary bow shocks

R shocks (M,>100)

GRBs, AGN jets (v_, ~c)
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Theoretical issues

“|njection
® Shock scale L~Oc7ni >> [
® Thermal electrons are

strongly magnetized
®y_>~ 10 can be injected

® Pre-acclerations for electrons
are necessary

Shock front

U — u,—

Upstream Downstream

X=0 X—

wScattering bodies Bell, 1974
® Alfven waves — preferential in paralllel
shocks
® magnetic clouds — found in perpendicular
shocks (this work)
® magnetic field amplification (x ~100)



Physics in high M, shocks

out-of-plane field
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Physics in high M, shocks
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M/m=225, M,~45 shock

Electron shock surfing acceleration
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Physics in high M, shocks

out-of-plane field

reflected ion

k 1B,

elecron pre-acceleration

kil B,

~

magnetic field turbulence
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In-plane B field case

%w|on-scale ripples along the shock
surface

%lon cycrotron-instability
w|lon-beam Welibel instability
%QOrigin of ion-scale magnetic field

turbulence
Burgess, '06

Kato & Takabe, 11
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Shock experiments on supercomputer systems

® SIMD-optimized 2D PIC code

® |njection method for shock creation

® Moving injector (Riquelme & Spitkovsky '11)
®M/m = 225

oM, ~41.7, M ~45.7 (v_/c ~ 0.28)

®N_ ~ up to 10" particles (24000 x 2048 cells)

®256 nodes (x 8 cores)



Overview around the shock front

O(NE/NO) upstream
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Overview around the shock front
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Current sheet formation via ion Welibel instability

0.2 PSD-1 cf. Kato & Takabe 08,10

shock front reflected ion

upstream




Current sheet formation via ion Welibel instability

0.2 PSD-1 cf. Kato & Takabe 08,10

shock front reflected ion

upstream




Stochastic electron acceleration
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blue: B, component, gray: in-plane B field lines, red: electron orbit



Stochastic electron acceleration (contd.)
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Time evolution of energy distribution
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Condition for turbulent reconnection
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Summary
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