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Particle-in-Cell simulation

Vlasov eq. as particle motions
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Weibel-mediated relativistic shock &
Fermi acceleration
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Long-term 2D PIC simulations
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OUn-magnetized Weibel-mediated shocks in pair (e* & e7) plasmas
OMagic CFL number method vs. previous results (smoothing current
density, cf. Sironi+13)
OLong-term simulations ot ~ 6000 to observe particle accelerations
OT =15, Ny=8, 16, 25, 50 /cell in the upstream region
ON, x N, =80,000 x 1,400
0648 cores & 3.5TB memory on Cray XC30 at CfCA, NAOJ
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Time evolutions of downstream energy

spectrum
CFL=0.5 (Non-magic)

ONo efficient acceleration with NCI

ydN /dy1/n,
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N,=50/cell, CFL=1.0

Sironi+13
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- |~ ot =10000
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OEfficient accelerations were obtained by using Magic CFL
number method

OSpectral index -1.8 vs. -2.4
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ORapid acceleration until m,.t ~ 3000 due to strong magnetic turbulence around the

shock front (Vg « t)

OFollowed by slow acceleration stage due to decay of the Weibel magnetic

turbulence (¥,,,45 < t% by Sironi+ 13)
OResults seemed to be converged with ny=50
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Persistence of precursor waves
out-of-plane B,
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Precursor wave emission enhanced by
the Weibel instability (in-plane By)
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Origin of the seed magnetic field (non-MHD process)
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Weibel instability in high-energy astrophysics

B \Weibel-mediated shocks (KatoO7; Kato & Takabe08)
B Particle accelerations at shocks (Spitkovsky08; Sironi+11,13; Matsumoto+15,17)

Weibel-dominated high-M, shock

electron
density

S L Dstream

Matsumoto+17 PRL

X & 10 A,



Weibel instability in laboratory experiments

8 lasers
~4 k), 1ns

\ Protons

........... D—3He capsule
........... 18 beams
(~9 kJ, 1 ns, not shown)

IR short
pulse

Cu foil
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-----
.....
.....
.....

s .
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Proton
radiography

Experimental proton radiographs from 14.7 MeV (D—-3He) protons
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Fox+ PRL 2013 Fiosationiimen) Huntington+, Nat Phys 2015



Saturation mechanisms of the ion Weibel
instability < maximum magnetic energy

mlinear growth : wy,;, ¢/wy;

Bminverse cascade
v'coalescence of current filaments with same polarity
VI = jrnR(t)?,j = const.
v'R(t) x t*(M/m) 2 (Ruyer+15;16)

mUpper limit of the current

v'Alfven current limit (Alfven38)
v'Bio-Savart law

B 2Ir (r<R)
=— (r
5F
=— (r>R)
v'When r;, ~ R(t) in self—gengrated magnetic field
mceyc

IA:

q
v'Constant I ftlvvlth growing R results in monotonic decay of
a

B| after saturation

power
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Alfven current limit in the Weibel instability

m)D electron-positron plasmas (Kato05
PoP)

m|n the strong anisotropy, I, = TR*qnfc
gives the filament size at saturation as

C
rPNZW
p,S

mMagnetic field energy at saturation:

2

w

__ _Binax : __ 214

€8 = Grype? With B, = o
B> 1
|:> g P e —
B 5

Kato05 PoP



Saturation of the lon Weibel instability

Log,.(&:)
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mM/m=25, relativistic cold beams
(M=5) in a periodic box

m(N,,N,,N,)=(1000,2560,2560) g %

m(,, L,L,) =(20,51.2,51.2) c/wp,

m 10 ptcls/cell/species 10

Wm131,072 processor cores with 200TB  <e
memory on the K computer

Mep = B2 /8mpoc(y — 1=




Time evolution
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Weibel instability reaching Alfven current &
limit 10754

03D ion Weibel instability could sustain ]
strong magnetic field (€5~1.5%) after 107 —
saturation {contrary to the rapid decay in .
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3D vs. 2D in-plane

3D 2D breakup of filaments
e e ) in 2D in-plane case
| 3D 8;,3(31225»;,)
2D (in-plane) 0.5 0 0.5

o
e/
yA wpo)

0 100 200 300 400 500 600

x/cw

101 102
51.2 twp,l'
x/(clwp, i) x/(clwp, )
Takamoto+18ApJL
. . . . . 0 100 200 300 400 S00 600
Dimensional limitation could cause two-stream oo
electrostatic instabilities, resulting in breakup of current Kumar+15ApJ

filaments in the 2D in-plane case (cf. Kumar+15)
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3D vs. 2D out-of-plane
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lon Weibel vs. Kink mode
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Post-K supercomputer

 Next generation Japanese flagship supercomputer
 Present-K operation will terminate in FY2019

 Operation will startin 2021 (Approved to proceed to
manufacturing phase from CPU design phase)

« No accelerator!
« CPU: Arm, 48cores, 512bitSIMD, 2.7TFlops
« Memory: HBM2 high band-width memory, but

<1GB/core (32GiB/cpu) W
« B/F=0.37 : high as GPUs =
» Total Flops < 1Exa Flops, but x100 application speed A64FX

up
« expected # of CPUs: 1EFlops/2.7TFlops ~ 3x10°
(~10'cores)



