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Physics of Collisionless Shocks

Shock: sudden change in density,
temperate, pressure that decelerates
supersonic flow.

On earth: most of shocks are mediated
by collision.

Collisionless:
Shocks must be mediated W|thout direct collision,
but through interaction with collective fields

Collisionlesshocks are common in Astrophysics

Y . Sources of particle acceleration, Abrermal
' S 5 emission, and magnetic fields amplification



PIC Simulation: A Powerful Tool-for StudMsmnlesshocks

TristanrMP PIC codeBunemanl991,; Spltkovsk32005]
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TristanMP Is parallelized by MPI



TristarMP optimization: Multthreads and Vectorizati@n, sspicos

80% computing time spend on particles, current deposition costs 60%.

Improve performance of current deposition is key!
Parallelize particles by OpenMP

Data writing conflicts Good scaling

for 2, 4, 8, 1:

use ATOMIC to prevent threads.

Vectorize Current Array Elements N
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Reorder and vectorize the array elements ;
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then using SIMD
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How CollisionlesShocks Work
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Coulomb mean free path is large Do ions pass through without creating a shock?

Welbel mediated
For low initial B field, partiClgdnsty fiaments

are deflected by self p¥
generated magnetic fields
(fillamentation/Weibel
Instabllity)
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Experiment by laser: Fox et. al 2013, »
the density|

Huntington et. al 2015

Magnetic field

For large initial B field, mediated shock
particles are deflected by

compressed prexisting fields

measurement of density compression
throughshadowgraphySchaetffer et. al
2017)
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