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WFZER RO EE  (330) : The nature of eddy turbulence induced in Earth’ s magnetospheric
boundary layer is examined by using data from multi-spacecraft measurements, with a view
to revealing the mechanism by which collisionless solar wind plasma is transported into
the magnetosphere. The methods have been established for identification from in situ
measurements of Kelvin-Helmholtz vortices developed to the nonlinear phase, and new
insights have been obtained regarding the excitation and nonlinear evolution of the
vortices and their consequences. The vortices may not be the major player in the solar
wind entry itself.

SN IR TERR
(REHAT - 1)
[ERES L LIEESES ¢ e i

200 9% 800, 000 240, 000 1, 040, 000
20104 1,100, 000 330, 000 1,430, 000
201 14 600, 000 180, 000 780, 000

I

I
wwFk 2,500, 000 750, 000 3, 250, 000

BRIV SRR
PR 50t - AIE + HUBRECRY: - BT BB
F—U— K i&£¥%¥%@§ﬁ\ $5ﬁ7°'72‘"7\ 7/Vt\‘/ . /\/I/‘A/—k/l/‘\/z:ﬁi\ 7031\‘7%%

1. WFIERAR S D1 5

() HEMIEORKEEDEEORENE T
X, HEAREHHTZ R VX —LT 57 0E
Voo~V ARAY (KH) REEE TN AR
ERAZEDRE L D D, KK 5
KGR 7 7 X< LEKENDO T T X~ L0
Bz, HEENRHLINOLTHD, ZNETO

HEBNNG, HMEREKE O XE T K
REZENIERICERE E CTRlRE L, BX E2i-
TN SND 2 ENMBILTWE, Ly
L. KHiROFAEDHHACK R BEE, FiEL
7o ELUIE I S s U B O M 22 T X< 2B W
TRETHENZSOWNTIT, RAZRERE -
72o BT, KEGEESGALm & Oy & £ -




TUWDERIZ, KH TN KGR T X~ Dl
BADOBWBFRICIBNT, BEELZEZHE LT TV
HOMNE D, BREYEZEOKMETH

ST,

(2) HEEABLE L, REBSE S KIGE OB
S KBS 0 i i & ARG R O B2l |
RMEBEAREPSHHESNDTHY = b
JEA A & OMBAER SRR & FHT T X

~ P ORRZ RGN ET D, FrET ST,

HEREKEER A IX, N TEEIC X > TH
B - GBI CX 2l EAREORETH D
EWVWHZEThHD, EFERFELTELLM -
W 2 N v b U — 7 2R AT, &
W22 7" 7 X~ OEL RO FEREZ B b 2 Z
THZLEMTEDHLEERT,

2. WrstoHBY

(1) AWFED BT, TEFEZRFEH 77 X<
B2 RFMENHRICHFLELTND L X
LD RELITE DR ZE 5 i % . I ERRE 8 D BE S
I TR LT 2 R EBLAT — & OfifiT
WCE-oTHLMNZTDZ &) THhD, BFEE
pe s G110 1Y A 1A (DL C TR B Y Y ANVAY YA e
WO oOZ L THY . R Y 23
7 a DR - RS, 7T A~ O KRB
HEIC BT DL o TWDATREMELN B 5,
Sk OPRARIX, FTHZEMICH T 20
MWOLAF Iy 7 BRBBO—A—n1 T h
F ORI, RN T T X~ O KIFAE
EREENDIEMEA—FREHNTZ LI
DIIND . AW TIL, FFIZLLU T ORI % fiF
wrITsrZEHBRLE,

O KHARZEIZWDITIAEL TWHEN?
BHISND KH oM - FRIX, BEHimn
LPHEEND LY HEREWVIEENZV, 0D
HEIIAHATH D, KHEDRNE A =X LD
BRI D720, BEREBRAOBERE Iz
TR B HM 2 FF > TV D O 0FRE
T 5,

@ BERBEIIIV ) HELIRRE £ THET
D2

KH R 7 Z X< Ok - IRG#51 &k 27
T2 OIZIE, iBAVEE BNV IERES RN BN

LETHET DHEND D, BREOLEZT,

ED X HREEE T KH \BBRIET DS DO
ST 5,

@ IV D RETE « IE MHD Bigens
FAELTWDEN?

7T Ak, R ax s g vl
DIEMID WFENRE G- LTI TR 5, B
Bk DB L 70 D /NEEZE 2 — L DR
BRA, W B 5 X EL TR S S
Er, BRISH D ETIEW DR DR

FioTWa o, HHMNIT 5,

3. WHFED ik

(1) 77 2% 2 (R 4B CRxi %
17> CWADESA-NASA L[S v g ), 73
2fE (AE 5 T RBlEZT-oTnD
NASA DI v vay), VAT A LVERE
(ISAS/JAXA-NAXA H:[FORKEEE S v
a2 v) FED, WRERERE R L OEEFE 2
MIZIBWT, DS FRIRHELIHI 21T > 72 BRIZH
BENET I ARBLVEMEDT — 4 %
fftT9 %, ZHUIZXY KH % - W@EREL.
R BB O R EIZ10 5 KH OMHE
e o & ME OB B 2B 1T D iELIE O R
P, B OENS OA IERTFRIE DA HE 2 5
T 5,

(2) ZOHBRBANC L > THE NIRRT
— B IND T T XSO 2 IRottg & P ELT
LI OT — 2T FE (X 1) FEFIHL
T, LT O ECRE (& D22 A 77—
V). IMORRESRHE (Bl 2IX, RO ERSS
AN ETWDEN) BT D,

5
=10t

1. REBEARICOVWTDI YR Lv IS5 /78 A

EBRXEZRAVT. 87— oBHIN-RE (2

). BVWKRHIZISRAI—REIZK>TERIZE R
SNFTSXTEERINL.

(3) =R RRE D EMYs. 36 L OE B
DT —Z ZFM LT, LRIk S D
Z LR SN S ETUE OfE (B AIE, B
T, BIEOR, BT 7 v 7 An—
TREEMOF R L) 2T 5, ZhiZ
F 0T TIE MDD RS X TV D E D
AT D,

4. WFIERRE

(1) KH N2 IR, KGR 7T X~ O
ANEWIBENBIX, HEZEOYHIEE TIX
N LI, FoBmIE, (1) KH
O RREA - TR O o = I8 CHRE) &
NARY ax7 > a i, IEFICRFTNT
HO, KRBT I A<M AZS SR LE
HNZRNWZ &, (i) 7T I AEEICX BBEA
PEI 5SS O 2 S RIRFBLINC K 0 | KH AL E &
BB RS BET IR Y ax7 v a vk
I L TR TR T D KGR T
X~ DB, BREORACFEET S
T A v— MefllT oL+ ThD I L,
DS ST=2BTH 5,

LL, BMICIHA LT T X<=R0nmnZ



BRPMIE Tk S, 77 A~y — &
T DICEDONTIRTFEMINTE S
T ZOWBRICBNT KH RELENEE LT
WA AREMIIFE STV D, A1k, KEE
OIEBEELE L VO BLAND S KH REED
BB 2 FLAERNAREIA L T MR D D,

(2) KH D RR A > THEOCETE R S
., TOEREP TR ) ax7 v a UHvE
Az A FEIFLE (K2), 2k, 3HHE
e Ial—varBRECLsTPHER
TUN7z KH RZEDFERICHE S F MHD 2D
FEN A BUEIZEER L7 &0 5 BT, 1l
HHLHRTH D,

2. (a) TR ZaL—2avIc&oTFREINT

Lz KH BOImTRAET IR )aryave, (b)

YSRI—EEIZL>TRIESNZER AR 3>
DI EX R (BARITHE DR .

(3) 7T R~ RoRiy D F DB DT — &
N5, IERIEEMEE TRl L7288 & Edo T
KH iy % [FIEd 5 H ik e et Uiz, BRITIRD
EE SR, BLOHEK I 21— a v
DOFREREZFIH LT, 2R iiE =035
KH i DR A &M L, B—#aE8n., £
T XA IR 2 - CL KH i a B 5720
DOFEERFRE Uiz, AWFE CHENT L7- FIEIE,
A% D KH AR ENZHOWT ORI TES.
BEREE I v v a VEIZBWT, HEkiAE
DA OFHZEMIZHFEEL TS0 Ltk
VN KH iR & [FAE « fffT 3 2 B8, &> &
HmaIns,

4) 77 A —fRLITTANHERIZE
2 W5 T 0 & IR D [RIIRFBLI 2> © | KH i 38
DEETEE ENLEETHRETDZ L,
ZORBBEME T Y THE LR E A

THZ LML (K3), #&IE, Kl
B BMAITCIbE 4, Wb E JFIS B L T
CELEELEBHLIHEELTWAZ LA RTHEET
b, — 5T, WP TEAlsNZA A D
FIVF— AT kI EA A FE RT3 e
I, Zhid, WP TEETWD EER
HILD T T A=igink « A OMAFA . FH
A FHMTHERZ D RIRENE 2 /R T D BB
WRERTH 5,

- e D/
g

LSRE—FEIBLIE

XEEJ ok HaE
; G I5EZ—}
X \ N Gbh & R =5 EE)
EnBEHR
AN A TAILEE

S m
Y

3

3. RIRFEEERICLY. XTI R/HICHK
TEOENERSNIRRE KH BOEXR.

(5) B D Rg S PE B 5 g o LN DT
EEEOBERE I, b TSNS Kb
R Lo WER - RO KH Ak S 4
TWD DT TiEe <, SEBEEE) & D W ENED
BREDIC L 0 sREIIC, BEERTAEI D B EWE
WO KHIENEIE S TWD Z L Z2E LT,
BRENJH DO FEREICHOWTIE, £ ARHAR NS
<, EOvF U FFA5 %O X DRGEE
FFL5HDOTH D,

5. E7pFEFKmCE
(WFFeEA . WHIEo R e O DT IE4 |1
(ES )

(HEsERmsC) (G2 o)
@O Nakamura, T. K. M., H. Hasegawa, I.
Shinohara, and M. Fujimoto., Evolution

of an MHD-scale Kelvin-Helmholtz
vortex accompanied by  magnetic
reconnection: Two—dimensional

particle simulations, J. Geophys. Res. .
& F A . 116 . A03227 . 2011 .
DOI:10.1029/2010JA016046

@ Nishino, M. N., H. Hasegawa, M.
Fujimoto (LA'F 6 44). A case study of
Kelvin-Helmholtz vortices on both
flanks of the Earth’ s magnetotail.
Planet. Space Sci..®&HiA . 59.502-509,
2011, DOI:10.1016/j.pss.2010.03.011

® Owen, C. J., 0. Amm, R. Bruno (LLF




174 .10 ZF H) . IMPALAS: Investigation
of  MagnetoPause Activity using
Longitudinally—Aligned Satellites - a
Mission Concept proposed for the ESA M3
2020/2022 Launch. Exp. Astron.. Z@t
A . 33 . 365-401 ., 2012 .
DOI:10.1007/s10686-011-9245-2
Sibeck, D. G., V. Angelopoulos, D. A.
Brain (LLF 17 4. 9 #F H). ARTEMIS
science objectives, Space Sci. Rev. .
A H A . 165(1-4) . 59-91 ., 2011,
DOI:10.1007/s11214-011-9777-9
Sonnerup, B. U. 0., and H. Hasegawa.
Reconstruction of steady,
three—dimensional,
magneto—hydrostatic field and plasma
structures 1in space: Theory and
benchmarking. J. Geophys. Res.. &t
f . 116 . A09230 . 2011
DOI:10. 1029/2011JA016675
Hasegawa, H., J. Wang, M. W. Dunlop
(LLF 12 4 ). Evidence for a flux
transfer event generated by multiple
X-line reconnection at the
magnetopause, Geophys. Res. Lett.., %
s A& . 37 . Llelol . 2010 .
DOI:10. 1029/2010GL044219
Hasegawa, H., B. U. 0. Sonnerup, and T.
K. M. Nakamura . Recovery of time
evolution of Grad—Shafranov
equilibria from single—spacecraft
data: Benchmarking and application to

a/flux transfer event, J. Geophys. Res. .

s A . 116 . A11219 . 2010 .
DOI.10.1029/2010JA015679
Nakamura, T. K. M., H. Hasegawa, and I.
Shinohara . Kinetic effects on the
Kelvin-Helmholtz instability in
ion—to—magnetohydrodynamic scale

transverse velocity shear layers:
Particle simulations, Phys. Plasmas.
& B A . 17 . 042119 . 2010 .
http://dx. doi. org/10. 1063/1. 3385445
Sonnerup, B. U. 0., and H. Hasegawa.
On slowly evolving Grad-Shafranov
equilibria. J. Geophys. Res. . & FiA .
115 . A11218 . 2010 .
DOI:10. 1029/2010JA015678

Hasegawa, H., J. P. McFadden, 0. D.
Constantinescu (LLF 14 4). Boundary
layer plasma flows from high—latitude
reconnection in the summer hemisphere
for northward IMF: THEMIS multi-point
observations. Geophys. Res. Lett.. &
% A . 36 . L15107 . 2009 .
DOI:10. 1029/2009GL039410

Hasegawa, H., A. Retino, A. Vaivads

(LF 11 4). Kelvin—Helmholtz waves
at  the Earth’ s  magnetopause:
Multi-scale development and
associated reconnection, J. Geophys
Res. . @A . 114, A12207, 2009,
DOI:10. 1029/2009JA014042
Eriksson, S., H. Hasegawa, W.-L. Teh

(LAF 94) . Magnetic island formation
between large—scale flow vortices at
an undulating post—noon magnetopause
for northward IMF. J. Geophys. Res. .

s A . 114 . A00C17 . 2009 .
DOI.10.1029/2008JA013505
Lavraud, B., J. E. Borovsky, V. Genot

(LAF 224 .9%H) .Tracing solar wind
plasma entry into the magnetosphere
using 1ion—to—electron temperature
ratio, Geophys. Res. Lett.. #Fif.
36 . L18109 . 2009 .
DOI:10. 1029/2009GL039442

(¥R G5 41F)
O E & I

Reconstruction of
three—dimensional,
magneto—hydrostatic plasma and
magnetic  field structures  from
multi-spacecraft data, AGU 2011 Fall
Meeting, 20114 12 H9 H, TAa—=—
EEY (v - 7T R0)
ERJINEE, %’Eiﬁﬁ%@ﬁiﬁﬂ%ﬂﬂb\fzzﬁﬁ:
MRS DR B, HIEREERG S - HIEK
BURPESE A 130 [MIEEHS 2011 1
H 3B, #ERY (HF)

£ & JIl ¥f . Reconstruction of
magnetopause and boundary layer
structures, The Sonnerup symposium,
2011429 H 29 H. Hanover (USA)

£ & JIl ¥ . Structure of the
magnetospheric boundary layers: A
multi-spacecraft perspective. ESLAB
2011/Cluster 21th Workshop. 2011 ££ 9
H 21 B. Brugge (Belgium)

£ JIl £ . Three—dimensional,
Magneto—hydrostatic Structures in
Space from Two—point Measurements .
AOGS 2011, 201148 A 10 H, HILEEE
=iy (B

H1 A+ BXK BE . Mechanisms of solar wind
entry into the Earth’ s magnetosphere
related to the Kelvin-Helmholtz
vortex: Particle simulations . AOGS
2011, 2011 48 A 10 H., HILEEESE
% (&40

£ o I ¥E
magnetopause structures in spacetime
from multi-spacecraft measurements,
EGU General Assembly 2011, 2011 4 4

Reconstruction of



ASH, Va—v - F—ARNITEUX
— (g4 —=)
EW)ITE. Evidence for a flux transfer
event generated by multiple X-line
reconnection at the magnetopause, AGU
2010 Fall meeting, 20104 12 H 16 H.
San Francisco (USA)
EWIIE, 0858 A vz ko
IS ORI R O R, HIERERLK -
HER BUR B 2R 5 128 [RIRERHEY . 2010 4
11 H 1A, il
FA)IPE, Plasma transport at the flank
magnetopause under northward IMF., The
10th Cluster Anniversary Workshop .
2010 #£9 H 30 H.Corfu island (Greece)
£ & )£ . Recovery of evolution of
two—dimensional magnetohydrostatic
structures from single—spacecraft
data., The 10th Cluster Anniversary
Workshop.2010 89 H 28 H . Corfu island
(Greece)
EAN)IPE. On the identification of
magnetopause Kelvin-Helmholtz waves
from in-situ observations ., 2010
Western Pacific Geophysics Meeting.

20104£6 H 24 A, & (BE)

E £ JII ¥ . Kelvin-Helmholtz
instability: Observations
identification, excitation, and

evolution, Workshop on magnetopause
processes. 2010 226 H 9 H. Toulouse
(France)
£ NI ¥E . A flux transfer event
generated by multiple X-line

reconnection at the magnetopause:
THEMIS observations, HAHIEREXE R} F
HA 2010 4R K42, 2010 4E5 H 26 H, %
iRk v EEESES (T

FA)ITE. Boundary layer plasma flows
from high—latitude reconnection in the
summer hemisphere for northward IMF:
THEMIS multipoint observations. AGU
2009 Fall Meeting, 2009 4E 12 H 14-18
H. San Francisco (USA)

FA)ITE. Boundary layer plasma flows
from high—-latitude reconnection in the
summer hemisphere for northward IMF:
THEMIS observations, HIEREERIS - HUIER
ARSRE T 126 [RIRER S, 2009 42 9 H
27-30 H, 4R

£ & JIl ¥ . Simultaneous THEMIS
observations of magnetospheric ULF
waves and magnetopause

Kelvin-Helmholtz waves for northward
IMF, HIEREERGS « HIERECE B 25 126
[IFE 2, 2009 459 H 27-30 H, &R

FA)ITE, Excitation, development, and

@

roles of Kelvin—Helmholtz waves at the
magnetopause, AOGS 2009, 2009 4£ 8 H
11-15 H. Singapore

A )ITE. Structural development of
Kelvin-Helmholtz vortices at the
Earth’ smagnetopause, HARHHEREEF]
A 2009 RS, 2009 4 5 H 23-28
A, T3

EW)NPE, Excitation and multi—scale
development of Kelvin—Helmholtz waves
at the Earth’ s magnetopause. 17th
Cluster Workshop.200945 H 12-15 H .
Uppsala (Sweden)

(& Dfth)
I ERNASIL

)

® © &® 6 ©

6.

http://www. igpp. ucla. edu/public/THEM
1S/SCI1/Pubs/Nuggets/2010_nuggets/has
egawa/hasegawa_10. html

http://sprg. isas. jaxa. jp/researchTea
m/spacePlasma/results/0909_hase. html
http://sprg. isas. jaxa. jp/researchTea
m/spacePlasma/results/0912_hase. html
http://sprg. isas. jaxa. jp/researchTea
m/spacePlasma/results/1008_hase. html
http://sprg. isas. jaxa. jp/researchTea
m/spacePlasma/results/1012_hase. html
http://sprg. isas. jaxa. jp/researchTea
m/spacePlasma/results/1111_hase. html

W ZEAH

(1) AFZEAERAE

=B
MNTATBOE N T U2 7E B R g - T8
BHAWFEeT - Bh#

WiZe %2« 50435799

£ (HASEGAWA HIROSHI)

(2) WFFE45 14



