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Large-scale TID/TAD

> Where and how are they generated in the
auroral zone?

> How and how far do they travel to low-
latitude regons?

> How wide in longitude are their
wavefronts?

Large-Scale
TID
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Tsugawa et al. 2003
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Second overtone
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Stationary magnetic structures
Mirror-mode waves

Linear analysis
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the higher wavenumber space.
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Time evolution of magnetic dips-like structure

EAOBUESE

magnetic decrease

E> magnetic decrease DL T, HEHNLLEHTLNVD

3D result near the threashold

0.4
0.3]
0.2 J $=2.86

o1 | T/Ty=1.86

0 200 t QH 400

skewness >0

% FRBREBNEIDLANILETELTLEL

Summary

DI5—FREMLEMICFRER DR EBE
—ZEMBRTE
—SERBOIFRMEROER
—SEAAUDFE
SHRATNTOBLSURES TAHOBR

SI5—FREHICK>THShBmagnetic decrease/peaks
—#EET R ARHT TIL. 3DIZH LV Tmagnetic peaksh % U (#:2 EXFE)
— BRI, B OB I</NSUVEIEAYE B (FERR L BB
—EMICO IR MEDFE(ZLY . decreaseh HRERL TLVD

Future work

-magnetic decrease = RITHIGFKE
+OhHelplbEhtz/\ (T yRa—RIZ&D ., &Y KIRIE - SRIGELRIT
> SERRE

IT—AREMDIFRBERDBHE

29







BBIEE

KEG R D /N A 2 — VELFRAESE
- HGELD BRI DT -

3 il )

2)S. Peter Gary

DAL Tl B RS K B U ER BREE AT 2 P
2Los Alamos National Laboratory

LA
Magnetic spectra in solar wind

[ Smith et al. 2006 ]

104; T T L USR] | T
5 3 » ACE/MAG Year=1998 Time=084.375-084.4583 1
10° ¢ |68, 6B%/6B2 = 6.2 + 25 3
— 3
N 102 r N’{‘:?EB‘Z ~ £33 E
T BRI,
~. 10' Tl % 2 o 2
o~ 3 o M e ‘BB‘ ~ 3
— oL ) [ WY
100 b ) : (@ > 5/ 3
c E X 3
S Inertial Range 3
a o rE . E
%) 2 E Proton inertial length or
o 10 f Larmor radius E
107* L Dissipation/Dispersion Range ES
1074 L 1 I 1 1 ‘-L’
1073 1072 107" 10°

Spacecraft—-Frame Frequency [Hz]

IINA T — )VELTE O BEA

» Kinetic Alfven fluctuations
BRMICCOMEDERARLND

» Whistler fluctuations
BFEEEZRLEILOTL

» Nonlinear fluctuations

BEEAEALOTRE, FRAMERN DD

JE&  ioinumol

igm Los Aamoy

Kinetic Alfven Fluctuations
b Fn. Bale et aI; PRL(2005) | Dayside CHiKEZ T TKRIBEZE
"1 Wavelet- Cluster 4 observation

\\\. i
= " T“ 513 = [ " e
ek SN B8 | DRy — L CEIB R A A
£ e \\\\.

H2485& & A¥Kinetic Alfven&—3

| == aka
1. H-‘.--v..f::k | (Whistlere&HANZELER)

Kinetic Alfven

o _{Wﬁ’fﬁi@%

e, | DMATLEREISETS

Whistler fluctuations

ACE observation
272 8\

Pl

|y e -
@ %m'hﬂﬂﬂ“.,;ﬂ-'\mv?
E;'n:.l‘l.”""l' %wwﬂqw

T s

e an,
g

5 L,J-“‘ L'W’\fj'r"lﬂ]‘fu"

ity 17 W g R e e e

M= [ Kinetic Alfven D E A
o a n: [ 18,000 (ngh Bt;k‘)
J& Lok amos J&  ioinimos

Broadening of pitch
angle distribution

L

Scattering by whistlers

L

Enhancement of magnetic
fluctuations

AIBERRIZIEWhistlersEEINFEL TS,

Pagel et al. JGR (2007)

Nonlinear fluctuations
Markovskii et al. (2008)

Reconnection

KmeucAvaW,

AU TTREEOLRE

BRR T — N ED LB

KERFD/NRT—ILELRHE
-EFEELDOBRIKEFIEIZDULNT-

31




Electron distribution in solar wind Variation of Strahl width
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Storm-time inner magnetosphere

“"QNETOPA‘U%‘

DRIFT PATH OF
RELATIVISTIC \
ELECTRONS.

WHIST'LER-MOOE
CHORUS

RING CURRENT DRIFTS

Fig: Plasma environment of the Earth’s inner magnetosphere
during a magnetic storm [Summers et al., 1998]

Whistler-mode chorus

CLUSTER
10 ?l

Fig: Chorus emissions
observed by CLUSTER in
the equatorial region of
the inner magnetosphere
[Santolik et al., 2004]

V
S o
f S
——
kH;

MLat (dcq) -5.85
MLT (h): 2222

s Jath SR N

T

a
@ Cluster 1

(b)

uT. 0709:36 0709:38

Chorus in planetary magnetospheres

VOYAGER-1 MARCH 5, 1979

Fig: Typical example of
chorus emissions observed
by Cassini/RPWS during
injection events in Saturn’s
magnetosphere
[Hospodarsky et al., 2008]

Fig: Chorus emissions
observed by Voyager-1 in
the equatorial region of
the Jovian inner
magnetosphere (~7.8 R))
[Coroniti et al., 1980]

Basic equations: Electron Hybrid code

Cold electrons are treated as a fluid
energetic electrons are treated as particles

[?Lf ~(vi Vi + L (B4 x B)]

ot my

d(myv

d—’t”)zq,,(E+v,,xB) %? -V xE

J=qmpvi+) gV P L e gt Ly
P ot Moo o

Magnetic equator |n model & initial settings

Injection of
seed electrons

B

500 250

Chorus generation region

Fig: Schematic illustration of radiation belts

@ Electron Hybrid code

@ |D, field aligned system II, = 4Q.

@ Loss-cone velocity distribution N, =5x 107Ny
with a temperature anisotropy Ve, = 0.225¢

Py Ez =0 Vth,L = 0.6¢c
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Chorus generation near
the magnetic equator

fp/fc=4

t 599.04 [0,7")

-
=]

a U.)/Qe()

Phase bunching of resonant electrons

Y| - - caused by the
balance between
Lorentz force
(vi xBw)

Vr

and mirror force

3n2 2

[Omura et al., 2008]

Fig: Trajectories of trapped/untrapped electrons in the wave phase space

0<(<m E-v <0:wave particle

< (<27

E-v > 0: particle

wave

Energization of electrons in chorus generation

oo v -1
t = 10000 - 15000 [Q;']

4
-
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N

Energy [MeV]

g &
o =
£ <
E S
1.0

[Katoh et al., 2008]
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Simulation of mode conversion process
from
upper-hybrid waves to LO-mode waves in
the vicinity of the plasmapause
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Department of Geophysics, Tohoku University

Introduction: Previous works
Jones[1976,1980,1981,1982,1987] applied the LMCT (linear mode conversion theory)

to explain NTC. He assumed the window is located at the equatorial plasmapause and

the plasma density gradient is nearly perpendicular to ambient magnetic field. The
prediction of LMC that free space radiation emerging from the radio window v

by

Beaming
angle

Uh Wave
generation

y path, a is the radio  Fig. Sketch of ray path of ESUH, Z and

window (Jones, 1 0O-mode 28.015 KHz. (Jones,1988)

Purpose of this study

In order to solve the problems on mode conversion theory pointed out by previous
works; The followings have been investigated by simulation study:

Part 1:

1- Relation between and mode conversion efficiency .
2- Relation between wave normal angle and mode conversion efficier

3= Retlation between and mode COnversion

4- Effects of the spatial scale of density gradient.

can be invalid.
6- Comparing of the beam angle from simulation results with LMCW .

Simulation of mode conversion
process from upper-hybrid waves
to LO-mode waves in the vicinity

of the plasmapause

Introduction

If plasma parameters are function of position in plasma the local value of the
refractive index will also be a function of position.
So, under a condition, a wave of one type (mod
of another (mode), tl he mode convers
There are various phenomena probably related to the mode conversion proce:

<ilometric continuum radiation, Auroral kilometric radiation and Jovian
decametric emissions.

n be linearly coupled to a wave

e locations of the escaping,
ic and continuum enhancement

. Schematic diagram
of mode conversion process.

In general cases:
» In almost previous works WKB s}
method, Multilayered method by mat:

1d be valid, such as Integral approximation
multiplication and Ray tracing.

A self consistent simulation which is free from the WKB approximation
has not been used in the previous study.

In plasmasphere:
» The LO radiation emanating from the radio window is beamed away from the
magnetic equatorial plane by Jones (1981, 1982) at an angle

xplain the latitudinal Location of high-
re beamed at

Hashimoto (2006) showed that in order to
frequency of KC radiation a theory is required in which these frequenc
equatorial angles that are smaller than the predictions of LMCT.

(Boardson, 2008)

{Hashimoto, 2006)

Part one :
Simulation of mode conversion
from UHR-mode waves to LO-mode waves
in general case
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Simulation Model
» The simulation system; consist three parts regions: homogeneous regions with
plasma frequen (Region-A) and (Region-B) smoothly connected by
an inhomogen

(Basic equations)
o

. A schema (VW1,;T-_€H"""?

of simulation b -

--¥ul

. The tables indicate the initial parameters such as wave normal angle and

AT B W GG (o1 TS (it e LU PESTE e, Fig. An example of the variation of the efficiency with different wave normal

angle The maxi i is occurred where the curves of the extraordinary
and ordinary mode branches is connected for the real number of n, .

w=wp | W
w=wz-cutof

t13 48 M R

| —
ket saiis sid

Depen dence on steepness

By considering the dispersion relation e AR

for waves in a cold plasma, of density gradient

> The steepness of density gradient
as a variable parameter (Ar).

I Disconnected
Disconnected (n, # n’) =wrem ¥oond case

X (X -1
- Fisin‘ gLl

Disconnected case

6: angle between K vector and
+(-) sign: extraordinary (ordinary) mode

| Disconnected a gap (evanescent layer) for the
Snell’s law: nsin 6=Constant | " case n occur by tunn
Two modes coalesce occurs when I'=0 | J ndicate the variation of

—_—

When two modes connect together —— mode conversion
is
When two modes don’t meet each other — mode conversion
~ islow.

connected for the real number of n | , but the efficiency
almost is cons f e that curv

Concluding Remarks

Part two:
A computer simulation study on the mode
conversion process by using the Akebono
observation

The simulation was performed in inhomogeneous medium by
considering density gradient perpendicular to oblique external magnetic
field, with different wave normal angle, different incident wave frequency

and different steepness of density gradient .

» The initial results indicate, with increasing the steepness of density gradient, the
efficiency increasi

is a maximum value, the efficiency is independent to
steepness of densi

The results mentioned above have been published to EPS Journal.

Simulation of mode conversion
process from upper-hybrid waves
to LO-mode waves in the vicinity
of the plasmapause 38
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We considered several realistic cases in plasmasphere that lead to mode

conversion, in which mode conversion processes were observed by the
Akebono satellite.

The comr on has been performed as follows:

> We estimated the density gradient from observed UHR freq.

» The incident wave normal angle was estimated by comparing
observed Ex / Ey with Ex / Ey derived from dispersion relation.

» Numerical simulation of mode conversion was performed based on
estimated density gradient and incident wave normal angle.

Estimation of wave normal angle

1- Ex (obs.) and Ey (obs.) components are obtained from observation, in the

satellite coordinate. -
sat.
Ey
2.1- By using the direction B0 in equatorial Ex “Yaat,
coordinate. Defini_lion of Satq
¥sat. coordinate

y, 'équatunal yEg.
 coordinate

¥sat. (Ex,Ey,Ez)

Dispersion relation
(Ex‘, Ey*,Ez") 2.2- By using the direction of Ex antenna and
Ey antenna in equatorial Coordinate.

3. Comparison of ratio of Ex and Ey between Ex and Ey of dispersion relation.

4. By changing 0 in the prime coordinate and repeating the process, we
choose most possible 6 whose the ratio of Ex and Ey is nearest to observation.

Summary of parameters used in this study, consists of wave
normal angle, cyclotron frequency, incident wave frequency and plasma
frequency, UHR- frequency and Z-cutoff in region A and B (All of
frequencies are in kHz) .

wave nomal  wavelength Validity of WKB

angeld )/, S 2fe) Lot S s Sroga [y oo S s frags ML

ad
Jl

I3
W

RunB 618 69 143 0426 140 13608 10068 1888 201 15748 0%

RunC 71 109 388 0248 385 400 33424 452 465 4007 09

Simulation of mode conversion
process from upper-hybrid waves
to LO-mode waves in the vicinity

of the plasmapause

Time

Event-A Event-B

Frene-¢ Fig. Profiles of plasma
frequency and UHR

ation period
of each event.
(a) 21 and 22 MAR.
1991. (b) 150
1990.

(C)]

electric field in the
Simulation system at

B (a)t=52.5
8 (b) t=172

and
in event-2.

Rafected UHRanods
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Summary of simulation results, consist of two parts, one part related to
comparison with dispersion relation both observation and simulation for incident and
LO-mode waves, part two related to amplitude comparison between simulation
results and observation.

(Comparison With Dispersion Relation) |Amplitude Comparison |
mm.*"‘ ’ P o oy ; o o o o
InRegiond. 15 LT]-!- [ tﬂn (b AT]I- {&\. hm]. ‘hu &mL [E:rl. }-,TmL [Efl. }-J':ML

Run_A UHR 560 R a8 2% 5
o & 1 50 10 |

Run_B UHR 618 . : Y 041 062 061
o 12 ! 089 !

Run_C UHR T 164
Lo 10 k 182

Concluding Remarks

We considered several realistic cases in plasmasphere that lead to mode
conversion.
Using density gradient and incident wave normal angles estimated based
on the observation by the Akebono satellite, numerical simulations
were performed.

» The results ( wave normal angle, Ex / Ey of UHR-mode and LO-mode
waves ) were consistent with the observation.

> The simulation results reproduced the beaming angle of LO-mode waves
smaller than the prediction by previous theories, where smaller angle is
consistent with observations.

» These results can be explained by the condition that the refractive index is
slightly different from the critical value in the mode conversion process in
actual plasmasphere.

The results mentioned above have been submitted to es Ge cae Journal.

« Beaming Angle

Kalaee et al., (2009) by numerical simulation showed
that the mode conversion take place not only in a
case that two branches connected, but also in a case
that two branches disconnected, and the radio
window angle of generated LO-mode waves becomes
smaller than that of the LMCT predictiol

Fig. Variation of wave normal angle vs plasma
frequency, under condition that » is constant, that
slightly different with critical value, two brunches of
Z-mode and LO-mode waves are disconnected. Each
panel corresponds to the settings used in Run A, B

5 obtain the wave normal

= of LO-mode waves, corresponding to
beaming angle o . On the other hand, we

obtain , which is about

more than the simulation

Simulation of mode conversion
process from upper-hybrid waves
to LO-mode waves in the vicinity
of the plasmapause 40
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Our new multi-physics
simulation model

Shock Simulation

by using HYBRID model
- ’ ’ ’ ) I'SHOC

Conductive
Wall

Position

Upstream end

_ Separated

Shock Simulation
by using HYBRID model

Clearly

=

Conductive
Position wall

Shock Simulation
by using HYBRID model

Clearly
. Separated

Fluid Component
N, V, P

Conductive
Position Wall

Shock Simulation : our new model

Super-Alfvenic Flow =
SHOCK
L

<@

Hybrid

EP-Hyb. Trans._

f(E)
Thermak, Theral.
{Hall-MHD)
Energetic

articles
iy (Kinetic)
E

(kinetic)

Energetic

particles

(kinetic)
E
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Basic Equations
Hall - MHD

TE Vo (NpV;)

ZE (Ve V)P 4RV -V,
F: Fluid (Thermal) Component

e Common 0
—=-VxE E=-V,xB-—VP,
ot 2N
J=VxB V,=V,-J/N

Shock Simulation : our new model

“Hall - MHD

oN
ot

Ne __(V, V)V, + -1 (~VP. +1. xB)
at N,

oP,
ZF o (Ve V)P +JP.V -V,

F: Fluid (Thermal) Component J

= :7V'(NFVF)

EP-Hyb.

f(E),
Therndles
{(Hall-MH D)

Energetic
particles
(Kinetic)

I

Energetic
articles
(kinetic)
E
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Reflected Electrons Upstream
of Collisionless Shocks

S. Matsukiyo?! , T. Hirakawa?,
T. Hadal, and T. Umeda?
1ESST Kyushu Univ.
2STEL Nagoya Univ.

ne

Background & Motivation

Test particle simulation
upstream electron distribution for a
variety of shock profiles

Summary & Future Issues

2D PIC simulation (preliminary result)

ground & Moti

ground & Moti

® For high Mach number, a shock surface self-reforms.
® The process is cyclic and based on gyro motions of
reflected ions.

2(]IBy) v shock
) ix o
E,=v, XBy Vs
X (‘ — X
reflected ions

T~01

~
i X Lot ~ A4

temporal & spatial scales:

T
Z 4 B 8 10

new ram
P (old ramp) Ky

® Observational proof has not been successful.
Typical scales of bow shock reformation :
L ~ 1000 km

ol utt
1
= qjﬂu
T~ 10s . L_WAJ,‘;'& L
@ " - 1 - ] ut
L H
The timing method does not work well. 1 i } i
24 Jan. 2001 e ! P

Be=1.7,B;= 2.0, Og, = 81°, M,y = 10 Ll
Distances between spacecrafts : 380-980 km  Lobzin et al. 2007

[
L}

e
s ¥ 8 o838 a8

ground & Moti

® Observational proof has not been successful.

L] L] W

on
Lobzin et al. 2007

Focus on variation of upstream wave activity

but...
Correlation between wave characteristics and plasma
distribution function is unclear.

ground & Moti

1rtayy RN
A GERRE) bt
sep Y Scrutinizing methodology
s («“4.-— of the remote sensing of
-~ EMate bow shock reformation,
,J" r'J by using simulation data
[ ] Fa
]

Extract signatures of reformation by observing
upstream waves and distribution functions of
backstreaming (or reflected) plasma.

BEK LR

RICHTERFEFORDEL
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2T YR A) Electron dist. func.
AQCERE " --- macro- & micro-scale
- structures

el

.../-' ENIaAe macro-scale structure

,J" ‘_,J C) Wave characteristics

& D) Correlation between A & B

orrelation between

BEREROTE— e Lo OEAE .
--- cross-scale couplings.

Step 1

Distribution functions of reflected electrons

round & Mot

B) lon dist. func.

article Simu

| » Motion of 3 x 105 test electrons are traced by assuming
1D stationary magnetic and electric field profiles.

B, =B foot (D; = 75L) L=V, /Q,
R, -1 3(x+D, -3D,
B, =Bl '2 {Htanhu] |B|
f
R -R = } o
AR R fann 3| [P © ht)\
— @
T 2(x_D )] oo

downstream (D4 = 30L)

L]

+tanh 36D = D“)]
D, Gedalin [1996], Yuan et al. [2008]

o
N
o
—
‘U

article Simu

| « Effects of

y shock

(HT frame)

different potential profiles are discussed.
1) B 1) ---enhanced foot
O
[ 4
X X
1Bl
Parameters :
M, =77
g, = 80°
B, =0.46

« Clear loss cone

B, /Byl /4

8o

« Reflected electrons = ring-beam

A

A
=1

g

X1 (/)

B, /Byl /4

gﬂ

Vo | Vo,

« Potential overshoot suppresses
reflection

« Larger loss cone
« Reflected electrons < ring-beam

A
=]

g

100

o
x4 (v fta)

« Electron hole in vy-x phase space
due to the enhanced foot

B, /B, (/40

gﬂ

« Upstream distribution function
almost unchanged

« Reflected electrons =» ring-beam

Vo | Vo,

A
£=]

g

-100 0
X/ (v/13)

BERLRICETOIRMNEFDRDEZEN
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tion Ratio

Reflection ratio depends on maximum value of potential
when magnetic field profile is unchanged.

2
E, = ,%m exp ,Lz xa—B ---enhanced foot
X A OX
¢ 4 14
X X X

Reflection ratio

~ 55% ~ 35% ~37%

8,18, (h/ )

* No-magnetic overshoot

15: I I suppresses reflection.
i reflection ratio ~ 28%
=
- 0
)‘ > -
150 . ; 120 |.
150

Vg ! ¥a
L=
v Iy,
=1
i E-
e ,’

g
8

T f
-100 0 100 A
1 {vgf2)

B, /8y (b /49

scale

the F

_+  whistler wave with kc/ep,=1:
8B = Acos(kx-ot) exp(-(x+D;-3D,)?/D¢)

« Loss cone becomes unclear

« Reflection ratio = 64%

T
100 0 100 A

X/ (i l2)

B,/ Bylh 4

0+——-——— Dragging force due to

&0 trapping resultin large o = = B
. 1000 1500 2000
< o L ot
5 ~
-0 T T
-100 [ 100
X1 (v 1 €2,)

« Trapped when incident

« Kiched after reflected

ary

Issues

| @ Reflected electrons show loss-cone feature and form ring-
beam distribution function upstream of the shock.

@ Electron reflection ratio is controlled by maximum values
of ¢, B and microscale waves.

4 Enhanced potential foot produces electron hole.

4 Microscale wave in the foot destroys the loss-cone.

It]T_——‘—’z:

| @ Effects of microinstabilities in the foot
WRFAY—ARR !

@ Effects of higher dimensions

{a] 2wk —

@ Effects of nonstationarity
(2D/3D PIC simulation)

@ Correlation between upstream waves
and local distribution function
(ring-beam inst.?)

o

BERLRICETOIRMNEFDRDEZEN



simulation

Shock rest frame simulation (Umeda et al. [2008])

Parameters for
injection plasma

MAin =6
w192, =4
m;/m, =25
B =05
B =01
G, =60

1D Pld: simulation

Parameters for
injection plasma

MAin =4
@l =4 =
m;/m, =625
B =03 =
B =01

G, =75

BERLRICETOIRMNEFDRDEZEN
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BREXREGERZHED
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BEFALEERAOBRIEL S TERE
SBEFREMMZZOMH

=
+V

V=0

LEFE->TNSIFTARE

(FSRXXIE or HRET) 9

(KZES.HE etal,. Lembege et al.)
LR R

BERRELFOTVIETRHFIES
(REF&A etal)
TRELER

HERFLRI—F

meREE HERY s
HFH :-20,000000 Fyairr mmpEYR
—) ~ 1GB (BETRETEEB)

FEEE‘HIEEFILIE.
REBIIaL—avIZm

opet ~ 100,000
HFmk © ~24,000

MEEREFIERI—FIZKD
Ar—ILEHEEDHE

MR GRERRER)
ME—REHFIIalL—avITEd
BEREE KON F RS DAZEA |

- X EE:
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- R R/ a2 (REaV) BIZ, 3kt 15|k
HMFI—FERFKTS
=SH214EE : RASCPU(x86, SPARC)RFa1—=2%
H22EE . 2R STl 5 AR - 3RFTT T AL —~FRAS
H234F B : 3R Tt il 5l hin A 5
- HAIUR 2RTYB(RT—ILEEE)EES
=-~30GBOFHEA2DOEREIRE
Nehalem-EP (437 x 2CPU) 2&

WRDFTEDMEER

BTREIES
—kFOTVWATRISHLT, FHERA ERIIGE
o TSXATERT
—bFES>TWBERISHLT, FHERA ERITIGRE
- TN
BREOFE#EAT LI

BERDAAFTIVRE
HAHREREDRRESIZIX EWWIalL—ia R
FESIENEDIFEL

CRUVERMASBE
N
BEREHOERELDONGN 2N

Electron Scale:

Microscopic W-P interactions.  Global Magnetosphere

o s Re ~ 6350km
X Solar Wind

Ripples
~ lon Inertia

R l:l

From macro- to
micro-scales
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Objectives

« We study cross-scale coupling between
ion-scale processes (cyclic self-reformation
& ) and electron-scale
microscopic processes.

< A large-scale 2D full-PIC simulation is
necessary to include in'both
and normal dirgctions.

=A “shock-rest-frame model”
[Umeda & Yamazaki EPS 2006, Umeda et al, ApJL 2008]

Run @ : 20.48%0.64 X, =(d/ a,)
4096 x 128 cells

Shock tangential box size shorter than
ion inertial length.
=Cyclic self-reformation

Overshoot + Ripples
Run @ (~784)

High magnetic pres e gradient

MEEREFIERI—FIZKD
Ar—ILEHEEDHE

By, m, ty, T,
Upstream

)

Super-sonic

54

MA
Ta Ope/ 05=10 By, 1y, Uy, Tep, T
p=0.125 m/m,=25 Downstream

By #
3 | l Subsonic
- -6 -4 -2 (1] 2 4 [ i

lon X-VX

Run @ : 20.48x5.12 &, =(d/ a,)
4096 x 1024 cells

Shock tangential box size longer than
ion inertial length.
=7"Quasi-stationary” but rippled shock front.

10N X-VX

« Excitation of microscopic
electrostatic waves in
a localized region.

* No strong ES waves
in Run .




tBHEET

» Formation of an ion beam
in a localized region.
=Reflected ions by the strong
magnetic pressure gradient.

* T > Ty, at the overshoot. = IAW.
* Ty << T, and T, < T, at the shock front.
* T, becomes higher at the overshoot.

* T, > T, at the overshoot. = Parallel diffusion.

MEEREFIERI—FIZKD
Ar—ILEHEEDHE

55

Micro structures along the
shock overshoot in Run @

01 02 03k04 05 06

* Micro turbulence of Ey y

along the shock overshoot.
» Phase velocity almost equal
to ion acoustic speed.

Summary

A large-scale 2D kinetic (PIC) simulation of
a low-Mach-number perpendicular shock
shows a cross-scale coupling.

e The rippled shock front results in the excitation
of microscopic electrostatic waves.
— lon scale = Electron scale

< The cyclic self-reformation is suppressed.by
microscopic turbulences (ion acoustic-waves)
at the shock overshoot.
— Electron scale = lon scale

* Question: What is the source of the ‘mieroscopic
turbulence at the shock overshoot?
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FILE D AL LARIVYiE(MHDBY IR I £R)

FIVEL - ANVLRIVIFRTE
S>EEQRICKYRESNDRANTRE
FFIIaL—3avVICRS

S - IR EREARERTHEBELTHE

REAIREBOHEE

FREBEEH |
AN (HD): KHARE [FEMEIEICKYRRABEESNS,
b 2. .
T EE (T.K.M. Nakamura) =SHRRM: V<,
BHFANZE(MHD): KHRRE TR NI L>TERENEESN S,
ISAS/JAXA SHREH: (K BOBE) Vy<Vy<Co=yrB12-V, ~ 125V,
(k LBOBE) V, <V, =C7+V,* = 112+1.V, ~ 124 +1V,,

Collaborators: R &I ¥, BERE
@ EFHERTSX TR TIEEAKMICtransverse case (k LB)DIZFAITHELYLT LY,

HERIZ 3 1+ BKH;E KEIZHITHKHIA

O EEQERREOREE: 1000kmA —4 — (BAA4 2 v/ O$E)
[Berchem & Russell, 1982]
=S{EARA KKK 10000kmLLT

TABLE i LARGE AMPLITUDE SURFACE WAVES IN ISEE DATA

I s T Armpl ™ B,
1 16 R, 1 ]
; e s i e > 4 @ Messenger® 7k Eflybylz kYK 2T BRBEICTKHBER NS (?) BB IREH
S . i a s e ELRIEN 1=, [Slavin et al., 2008,2009]
S IMFA L MZDRKHK EERBISN B8R, =k LBIZHLY, S PLFYIEMEIMFEIZERRI=K LB
SBAINAKHEDE R  BMRE~ B FAA—IILGBER?) S EHAITN B RO KK :500-5000km
[Kivelson & Chen, 1995] S>HRBEO (RARREROE—FZERE)50-500km
SAAUT v OEES—H —
SEEDER . BOY A XHITMHDR 7 — )L DR | BEWSEE BIEMIER T HI=(Hion-kinetic scale & HLEE |
— Simulation settings
HFRAT—IVDEERARBTRET Z7IVEL - ANILLRIVYTREICHFHEEHL<A ? EHE F % :2-D full particle (EM-PIC) simulation
>R FEHEIZLDtransverse case(k LB)DKHAREICDWTHOEBRMFAZR (LKL
it Lo = -parameters-
-] f Nio=const
| N | R Bro=Byo=0 dusk-like ) dawn-like
[ 3 = wl g/ 7T ' YAY, Bz0=Bo =const A E —
- Y . I Dusk-like case: Vxo=-Vo*tanh(Y/D) L} L ==
8 L @ i v Ly - Dawn-like case: Vxo=+Vo*tanh(¥/D) az”"""“* E Eaz”“""" ? E:l.“
e, e o Vo=VAiVthi g/ [t "\% = |t ? e
IF 3 - : T A A D=0.5Ai"1.1pi, 2.0N"4.4pi G [rcte e leyer 2 ] [ty shess ey o
) 0\g 0 5 . o i1 memjzs Vo Evo :EVm
: FrER wol ' | wpe/Qe=1.0 Evgl § =
|E A A | 100 paeticles/cell v Al - 4
pusk EM-full particle ke -»-:.,_.‘__“_i; Lx=1Ak+ 4 Ear 2 A e d
[Wilber & Winglee, 1995] ES vlasov.
[Cai et al., 1990]
®Transverse case(k LB)ICHEWTEEDEBED ISV I FHAEE R DONoTLVEL, SEDT= . NPFE. HHEE RIZEIEERD DAERD) RERZ—E.
R REENURBEECHFOS v AOEHET LS TR0, S BENDFADES2D D E (dusk-like, dawn-like) &%,

SREQAAMNEIE HRESHDAELES,

FENS FTEHTFLIaL—av SUREARBOMTFHTHREEER, |

MFIaL—avIcRS
EELERRBOEE 57
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Kinetic equilibrium

duskciike 7]
y vl A S A DR T RAREIE .
;._jm'“ k"""\ | J’L"l“ Vi * S IEHORHEETHT RS,
T g =
LY = = S+ DR A Zdawn-like case TRELY,
; HHOAEREOEEERZD)
v T
_. dawn-like Bawn
crmne—| | HREBICEL. HEE | -, L
2o : = | EECAA T OBEE Y
-- AR 1% B 20004994,
) Yon : 'M 4

Kinetic equilibrium

dusk-like #Dawn-like caseD AEREHTFBIL
= T 1 SAF v AOEHICLHEAEBEAT,
z ;"I S ARG TIKET DEEB LRI E .
3 /
i
LT
dawn-like

T Y

Kinetic equilibrium

dawn-like

De=Q S0 Vsl OV I=1000"

o A - #Dawn-like caseDREEA F B
R TR PLIE. | S rvOvmEBC s s R RS,
Zam]! WL PN L
- 1 ST DR R .
Eaf® "
= |
7 - m d‘f‘%‘“‘l“ “IIMMI %.["_«ill J I
g 2 (a) BB LD/ EH LAY
3 "l - 1A REEEOTEET,
g (b) BDERHIBED,
- e (©) MR BB,
3™ /-’ DRORREBEF R,
3 E—— SCOBBICRYAF - BFRICHAT B,
Y

Kinetic equilibrium

SDoDFA LRI T H RO BEEDEH

DB, FHEL RO DRBEOES

@ Dawn-like case Tl&DohV/N&<7z 5L 2
D'[FDokY K&E<4 % (D'/Dor Mt MN) o

S TREEBILIEE. —_
Dawn-like case®D'/DoAMEMILTFEY . =
Dusk-like case DD’/Doh EEINASH 4 a

=>xFh 85 FE S Edawn-duskD & (F7%5<7% 5

1, 05

O AU REEERLIZES.
Dawn-like case, Dusk-like case#£(<
D'/DohEMMGERE S,
Vv AOFFENKREGEHEAERBLEL
A,

®Do=0D1BIHFIZEEEER Do

®Boundary*EEICHEYI DEEE D
BpA4 IR

Y} versegusnaary
é i\c";\'z

Bl
X
HABBI- LY ME - FEENT | v, oy, Do _y o Yo
1 OREE "B )

ZOMFOYHEDREFE
(BESvAOH4E)

rorl)

[ SR & $Etg Dhalf thicknessIZxt i ‘

Kinetic equilibrium
BNEBOEHS wT

T T ——

Do [i] Do [pr]

@Do,D'ZDo=0BF DIEE v A O Zp THIEIL T HELT—ANIFIERLT AR S,

@D'[FDo AT OITEDEP ITIREK T B,

SEESYIOFEORERNDOFENEEDRR IS v/ O+ EOREHEECESHEE) D
EHETLMELGNEL,

V,
BESvIOEE | p'=p [lizv—"}

thi

PFIIaL—1avIZRA
EENRREDIEE

58




H AT KBS

Growth of KHI

SHFHERRLIVBRHEERERTE LS.
dusk-like .

dawn-like

2tenDopyo

PtaeDips
oD

T B
OD'THRIEILT HEMHDE H LY FoN R FELEFERLEL D,
SKHFREDHEREDLDICITHFHRIEIALL,
—KHARERRATIZHEE Hkinetic equilibrium(non-kinetic scale layer)IZE 2h' 5,

Summary

-HRE&-
HFRAT—ILOEERDRBTRET BT IVEL AL LRIVYFRREITHFHEEH<H ?

REER-

STIVED AW LRIVYTFREDERISH F AL,
—FREDonset ARTIH FHI T EIKE~ADEBNEZ S0 S,

BESr/O$E

SHTFHTHERETIE, EEARREEHRESHICEST
BESNAF 2 Dr/OEELYELBNGN,

SEEDrAAEE(T(Xdawn-duskIERFRMEN BB,
=lon-kinetic’: &) AL [ [Ldawn-like D 7 H3 53 B 12 B A

-SHROER (KYBRRMGRIREA) -

OEEEEDITHLEESBM?
STBROIANMSET O LVBERIETEIEAFEENS,

O KFERS DHIZDHRE?
SBRAOWSK)ARI2avITkdTIXTES Bk (Nakamura et al., 2008]

Application to planetary magnetopause

Growth for the fastest KH mode

-lon-kinetic scale case
Do=0.5Ai~1.1pi, VO=VAi~0.9Vthi
*MHD scale case
Do=2.0Ai~4.4pi, VO=VAi~0.9Vthi
I2& 1 BKHBD R RE L

30i

10T 1511

07 Density [No] 13

®MHD-scale® ;& E A ELE (LR F AN T . dawn-dusk TREITZEFEL,

@ lon-kinetic scale® ;& AELE [Fdawn-side TFHREITE T 2 DICHFHEASHELTLY,
ZOFER. dawn-dusk TRAET DKHRREDRRAEAL.

=S HIRD LSEMHD R — )L OB B 5 & Tlddawn-dusk I FRIEAZELN . [Hasegawa et al,, 2006]

=SIKED LA AV HF R — L DR BIE 58 Tlddawn-dusk e FRiE <537 !

40Mi

400

FFIaL—avIZRS
RECDERBOEE
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- BRRARI—FT. EARARNIFVT  x86RAARN
SFVTET, ECETHRENHSA (HE DM EHAND,

&R EE
1R 2R3 3R

H[ y (] @) 3) L
L prl 2 7P
x 1 -1);
4 P |
p—1 \p-1)+ ko171

n n n

2 2 2
! = J ! -~ ! s

ETEERR (TS
Ty =k,n*(p=1) T, =k,n*(p-1)
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MHDY 22— a3 DR S

*yT4Y
Ofi#%IELeap-frog+Lax Wendrof5E DR A F ik
~ SETORUFI—DEDLE, Ff-. simpleF FEEANDIE
T ANTEHEROEEASH LT VEERLND,

OXAXYAX
lcoreddT=Y256MBH % E o
KFa—=UJ E#gridThdIenFY

OFlat MPI i 51l

- OYLAIFREIE—D,
- RTOEREIZT—E%EBuffer|ZfF8H T, %215 (MPI_sendrecv)

\':9 KYUSHU UNIVERSITY

HA8000&1& (1)

S HHEKEFT2KA—F > X732 (HA8000)
[ | [HAs0 |

CPU ik Quad Core Opteron 8356
AR 2.3GHz (36.8GFlops)
Cache L1: 64KB/core
L2: 512KB/core
L3: 2MB/CPU
Memory Bandfig 10.7GB/s /CPU
B/FfE 10.7/36.8 0.29
Node Core#}l 16
x86FRCPUZEEAL-AIH AE 32GB
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\':9 KYUSHU UNIVERSITY
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Formation models of Mare ridge [Ono et al., 2009]
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