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Diffusive Shock Acceleration (DSA)

reflections with energy gain SHOCK  reflection with energy loss

O V-V, >0 (div(V)<0) = head-on

O 1st order Fermi acceleration

O Energy spectral indexy=r+2/r-1,
where ris the compression ratio

O vy=2 for strong shocks (r=4)

upstream downstream

Treumann & Jaroschek 08



Parallel / Perpendicular shocks
Parallel shock ( ®,, <45 deg.)

‘

downstream

Perpendicular shock (@, > 45 deg

downstream \



r, / or L shock?
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e accelerations in 7 shocks

| twpe/TOS |
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O 1D PIC simulations

O Both p* & e accelerations
O Electron injection: SDA

O Shown only recently
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Park+ 15 PRL
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Current understanding of shock
accelerations from PIC & Hybrid simulations

. Parallel shocks Perpendicular shocks

Yes NO
, , From 2D-3D hybrid simulations
,D+ 1D PIC S'EUIat'OHS (Capriori & Spitkovsky, 2014abc)
5 | YES
2D_3.D.hybr.|d simulations If charge exchange included
(Capriori & Spitkovsky, 2014abc) Ohira, PRL, 2013: submitted
May be possible Today’s talk
e but still controversial Electron pre-acceleration

Only from 1D PIC simulations in 2015  High-M, shocks relevant to SNR



Particle-in-Cell simulation

Vlasov eq. as particle motions

/dxp_up )
da Yp
d
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Maxwell egs. on grid points
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TFLOPS

Shock experiments on gam
supercomputer systems il

' strong scaling
weak scaling strong scaling

1000.00

100.00

000 Oin-house 2D/3D particle-in-cell code
Loo OSIMD Optimized on K computer
- OMPI+OpenMP hybrid parallelization

O~15% to the peak performance
e e e e OScalable with ~10° cores

Number of cores




Y (c/ )

‘[{Jlil\l
i
N
A
=
et

=
downstream upstream
0. T=900.25
0.90
6
5 0.43
4
-0.05
3
< 0-52
1
0 . , % % —1.00
40 45 50 55 60
X (c/w.)

Matsumoto+ 13 PRL

gray: electrostatic field strength , squares: electron orbits
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e accelerations in high M, shocks
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Trillion-particle simulations on K computer
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O 3D PIC simulations of quasi-perpendicular shocks
O (N, N,N,)=(8801, 768, 768)

O ~10% particles (~ 100 /cell)

O On 9216 nodes (73,728 cores)

O 1 PBof data in total for analysis

O 3,000,000 node*hour / run
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Drift + scattering
(around shock front)




Evolutions of tracer particles

1.e+00

= 11 | iy =
— s ! _ —
1) [ -
_ R &t _
# ’ *i"'-"!l\ 1
1.e-01 = | i, _E
P = o T | U AT N around
z B shock front 3
) — -
Z. B ] I _
= ! 11 |
* i
= le-03E- LI =
& - N 3
1.e—04 = 7.0 1.5 : ﬁl 'i \\1 ? .
N I MmO :~ .
: ‘ v Drift + Scatterin
le-05 rll H | ' m‘\‘ = 5
=111 o ot I N =
0.01 0.10 1.00 10.00

v1



