KATSXRIZH T DRI FINE#EE

T 4

mEIZE LN F 2oL — 3y

F¥Eh
FRUERE - R BERFHEL




N

** PIC (Particle-In-Cell) 2L —33> **

O TS5XATHIEFRBOHE (MHDTIFIRRIHAIIZHRS
FhE, EXE. BMeEICEDHLSMEE)
O FBRWISAT (BB TEETIXLZLVIE)
O BFELAADIRILF—5E

I TOR/IRILEF—RFOE A

&ﬂﬂ_q'l L a7 RE

187128 R TO R R [BIER A~ % TE (Magneto-Rotational
Instablllty) ERLFINLE




MF D

Particles/(c m’sr-MeV/nucleon)

= (@ Ju— N \\_/ \ﬁ
KEERITZXIDIRILE—H
“r Contributions to the Oxygen Fluence
10" [ (10/97 to 6/00) AITETEEFHL\’C
F REMZERTIZXY
4 —_
10" ¥ 4[\ ABRDTFXY DIFILF—EHE
r ¢
10° § S \
-[ SnLar = . —
10" § " HSF*-"I“ N;nm;ﬁimm: KBEE»ODJEIE
;e &
10 !!:Supralhemal T{ ..'. 103ev ~ 300km/s
10° b Gradual s VO '...
{ ?EI:; IR/ "H?‘!Q‘ '.-
10° | /oo e, Ve e
:r Impulsive “"‘ =\?‘151?“'\1. .t 109eV ~ m C2
i SEPs g -.{.."h e GCRs p
100 1197 AcRg = ® -..:‘.--'-
b g s 5x10°eV ~ m_c?
’ uprathermal Region e
“r |
0.01 e ER T PP CTREY LarerTert I e eren JR
0.0001 0.001 0.01 0.1 1 10 100

IR)LF— x106eV



Particles/(cm’sr-MeV/nucleon)

15 10” 19 ‘uiﬂ Fd

Energy (eV)

10%eV 10%1eV

o™ 10 10" 10" 10

1013 T T rrromy T | bl LR | TR
r Contributions to the DK]’QEI"I Fluence _i -
ol (10/97 to 6/00) ] i "R
wey } E o[ Fluxes of Cosmic Raoys
r 7 - 105F
10" = = = 1 5 F
. ¢ AKEBERDTSX<T | = F . 2
oo b ? 4 ] 3wk . 1{@&/m2-second
!- Slow -! ™ C A
r Solar \ 1 F "
10 [ Wind Total i 107°L ':_*‘
100 F ;:I?r \:um to 6/00) 1 [ "y
. 4 Wind / ., 1 LE N
1 i[_Supramennal Tail .'-. : 10 “:{0
® | - !
1°F  oere SNesy e, 1 woF L Knee
- - ™ = b = b
I— 11;5? /“ %“~ - _I 10 - .'.0 2
10‘ :r -ﬁ:;; ‘h“‘ “\"ﬁ\"‘“ '.- .i — .~? 11@/m _year |
E . L i‘ ] 3 -l : /
r Impulsive ————— %, % &_»® 1 10_”...
i SEP Me=—ra™. 8 GCRs 1 - == = .
100 [ 11!‘9? ACRs -". “.i;‘:: ."- —! - % m ﬁs -"'.-
r (10/97-6/00) . . e _F = ~ "y
P s - 1 L KERRADDL
4 uprathermal Region '! [ L ? -,
r _ 1 ; a =[=! ‘ I‘_l
1 on®E
0.0001 0.001 0.01 0.1 1 10 100 :-
Kinetic Energy (MeVinucleon) e
102eV 10%eV w"f
a5l Ankle
10 |
: 11E/km2-year !
6= E — > t
12 1 14 1A 10

5ot 10 10" 10

Il
o}

1021V => FHES ILR/ILF—



B EEREERDINE

Nonthermal Spectrum

5 10%c
§ 102 : g, Fluxes of Cosmic Rays N(E) OoCE™S (S=2~3)
PO |
"'E’ 17! i___ Kq. «—— (1 particle per /(<1015'5 eV) \
“ t Ay Acceleration
107 %, at supernova
i % shocks
10—7 _ .‘Q
= 09
_ 0
o o % SN1006
E 10 i ' /
- 10‘132
- (>10'°>->eV) Extra-Galactic Origin }
T Escape from | %
F the Galaxy
-1 0
6 >~1015 gV \
102 :
i Ankle
108 !:_ (1 particle per km*~year)
.k Energy(eV) +f
10 F s
 yoomad wooned v voned soind woned owed viod el ool sl ryud o o

108 1012 1016 1020



EERFEOEHZKOERA

SN1006

shock width=
electron gyro-radius of 10 TeV

Tycho (1752) Cas A (1680)

BIRILF—HFOEE;
T Hvio D Hi B> Fermi fIlE

i !||||
: (a) |.~,_“_| ....... |_|...:

counts
20 40 60 80 Q

0

(=]

10 20 30 40
arcsec

upstream downstream



FHEHEREILRIILT—OFEHLR

(102%eV = 16J)

Fluxes of Cosmic Rays

A ¢ (1 porticle per m*—second)

Flux (m™ ar s GeV)™

T T T T T T T

L R |

‘ (1 particle per m*~yeor)

Flux
%

Loe (B o« ES
1 Iq!IIIII‘I‘

(1 particle per km*~year)

Ll B} T 1T T T "7 T "1 T 7 ' 1 T '1

Energy (eV)

GZK Effect: extra-

galactic cosmic ray cannot

be observed due to the

interaction of 3K cosmic

background radiation

T
-
=

LN I I LN

' IEJ””
7
b,

ot
GZK theory L

)

LR ELE] |

i1 sepil ] 111111l

Energy (eV)



|TTIT'IEF atructure II:If an Active Galaxy _jJ fE /T 1:#

01 lightyears Shock

Felativistic Jet \\E -LT EI"J ‘Tfﬁiéf&'

":Ed)o 9950)

sSupermassive Black Haole

Accretion Disk

Cpague Tarus
(nner Hegions)

T4 DIEF R A (1)




Auger Cosmic Ray Observation

() Arrival Direction of 6x10%°%eV
X Active Galactic Nuclei (AGN)

Science (2007)



Relativistic Shock/Magnetic Reconnection

magnetic field topoJogy

Meridian plane
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Energetic ions and electrons in solar flares

(GOES class X4.8)

- Flare and Coronal Mass Ejegtion
23 July 2002

CME Energy ‘
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Energetic Particles
<10% ergs -

Energy Budget
ACE, RHESSI, SOHO, TRACE, WIND

[Emslie et al., 2004]

electrons up to tens of MeV,
ions up to tens of GeV
[Lin et al., 2003]
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Wind Observation
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2D Relativistic Shock Simulation
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Numerical Cherenkov “precursor wave”



Simulation Parameters

NX*NY=1024"32

NP (initial)=NX*NY*16

0=0.1, y=10, mi=me

vth/c = 0.02, Lgyro/Ax = 50

cAt/Ax =0.2

time step = 4000

CPU time @SX6 = 5min*4CUP (3.7 Gflops)
Memory Size = 1.2 GB,
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Simulation Parameters

NX*NY=128*128
NP(initial)=NX*NY*16
v=100-0.57, mi=me

vy /c = 0.1, Debye/Ax = 1
JA\AVEN IR

time step = 2000

CPU time @Xeon = 40sec*6core

FFT codes/ Finite Difference code
— 2F&¥EDFFT code
- (@) Maxwell 5RERXDEEZEEICEDIHD
e (b) ZERMANTIZITZT7—) T TESHA-H1D




B,(x,y)

Numerical Experiment (1)

Thermal Run, V., =0
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Numerical Experiment (2)

V,=0.99995, U,=100 % (@r/A-kJ =c*(K +K])

t0,/27= 100.0
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»-k diagram for “light wave”
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/71 (Nyquist wavenumber)



o-k diagram for “entropy wave”
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“aliasing”
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“entropy wave” + “aliasing wave”
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resonance of “light” and “entropy” waves

v, =0.99 v, =0.5

cross section : v/ (27z/A -k, )2 = Cz(kx2 + ky2 )
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Numerical Experiment (3)
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Numerical Experiment (4)

U,=100, Filter (FKEDKEIZHVH)
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Numerical Experiment (5)

(cf. ¥2al—arRX% p.200)
U, =100, Semi-Implicit-FFT with «=0.6

tQPEETr 100.0

3.37
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Semi-Implicit Scheme

B HZEREK(o=kc)IZxt L TIEMIRE . TS X IR LG E
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Numerical Experiment (6)

U,=100, Relativistic hot plasma T/mc?=10

£0,,/27= 100.0

ot 6.82 3.413
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X k,
grid oscillation is suppressed numerical Cherenkov

g'ggﬂ:ﬁﬂ small amplitude 7—I} I%'U:FEﬁ
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finite difference scheme

2 (E E
%8—2 +VxV x =0
c-ot°\ B B

0° 1

VxVx= By x —(B;,—28B,+B,,)
30 52 1
25 —- B A2 (Bj+1 - 2BJ T Bj—l)
; w=kc o’ A
20 f /L——\, Bj oC eXP(lkA — IC()t)
| r;sonance ™ o=ck SIn(ka/2)
10 (kA /2)
0 a):ka (Vb:O-gj “numerical dispersion”



resonance of “light” and “entropy” waves
(finite difference scheme)

v, = 0.99 v, =0.5

“direct” resonance by
numerical dispersion effect



Numerical Experiment (7)

U,=100, finite-difference scheme

10,/ 27 = 0.000
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numerical Cherenkov
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Numerical Experiment (8)

-difference scheme

=0.5, finite

Vb

/2m=0.000
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Origin of Numerical Cherenkov

resonance between “physical wave
(light wave)” and “entropy wave
(density fluctuation wave)” with
aliasing effect

Xk (1) FFREDKENZFilter TE LT .
(2) FFT code #{£5.




FFT scheme

1 0E(K)
. |k><B(k)——J(k)

1BE) _ ikxEK)

c ot |

k-B(k)=0, k-E(K)=4zo(k).

—

E" = cos(kcA,)E" + Sm(iCAt) ( iKx BT — 27 3 “*“2j 47 kL'O
c

B™ = cos(kcA,)B" — Sm(tCAt)k Er 4 ils COE(kCAt) (47[52”’2).
C

(cf. Birdsall & Langdon, p.365)
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