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Kyoto University started a new research project not only for the Japan but for the World
in the early 1950. A shadow “Reseach Institute” had been formed in order to activate the
aggressive works by the staff and the citizen people to obtain a stable citizen life as the
base of the social activity not only for Japan but for World.

The project of the Antarctic Observations at the starting stage, the members were the
representatives from western Europe and from the USA, where an observer from Japan
declared to participate to the Project as a member after the meetings’ agreements
successfully.

At that time, a hot race was for launching the first artificial satellite in the world.
The focused interest was “US-the first” or “the Soviet-the first” for the satellite. In this
21st century, the satellites help for communication, monitoring the earth surface, and for
social activities.

After the satellite launching techniques, a new projects have been started to survey
the planets in the solar system. The spacecraft Jupiter was launched in early 1990s to
report about scientific news about the planet Jupiter. Following this, the spacecraft
Saturn launched in early 2000s to send a set of data for the space scientists.

In this text, one of the recent scientific researches about the planet Saturn monitored
by the spacecraft Cassini, is introduced in order to have an overview for promote the
related researches and for finding a key to have an advanced research work.
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1. LI

FHEEMH Cassini ([C X AT —# 2T LT, HE Saturn OBKEIZ W TOMERRED .
ZEREIND LI TE I, ZITiE, BREOKE Saturn DBEKE DORFIEDREN H
BONBETIL, FOLIIRRBEZRETEENTONTHERSE, ZhiZk > T, REMIRES
ORIRE & 2 Saturn OEKEOREE OB B R2 b0 LEZBND,

2. BB Saturn ORESE OB DI

FEHEE Cassini (2 L 2BHEEENFIRE ST, BE Saturn ORKEICEELZWAW S
D%%KOT@W%ﬁ\gﬁ%ﬂbtﬂ\%ﬁénéi5ﬂﬁoféto

Z Z Tk, BE Saturn OBEOWFED 5 b, BKEORED ERRE 22 LR S — 7 Of
(cf. Rymer et al., 2009) #Z2EIZ LT, ZIZE TOPFRICW D ETORIBE., FEROICEH
LT, FEOER L FRLIZOVWTORMETSZ EICLE,

3. EEOBRKE ORIz ONT

T, —EOFHEERIT EFEA, & LT, NASA iIck o THEE S T & 72 L [FIRRIZ,
ZHIZHEITL T, KEBBREED S BTH, HE Jupiter DFEER L OEKE Saturn DR LHE
IZOWTOBET — & O RIZOVTORILPRENEZEL RO TETCWVWHILIZERL
L TRIELRY,

bR, BELUER L BERMREE V-7 ORREROBELZ5 L, UTDL 51
2% (BEziE, ZZiZiZ, 2B LEERO—TIZOVWTOHEZRT), TRk,

(1) FHEESIT Lo

FHEERITD LTRSS - T, IR EX o, FHEER 7 v R EOIT LHEBERER S,
e, ZOL5%kaly  ERESA LT, HERBEPELZ b HOATHEERZEIT LT b,
HERBmEOBANCFIA S, £, BETIE, WAWADOEMTHHAI T3,
1957-Rosenbluth,M.N., Longmeire,C.L. (Stability of plasma confined by magnetic fields)

(2) FHEEW Galileo T LU

FHEEER Galileo i%, BXE Jupiter DBEIZEHR L LT, 1989 FiHTH EiF b,
1983-Hill, T.W., (Longiudinal asymmetry of the Io plasma Torus)

1986 Pontluer D Hlll TW (Steady state plasma transport in a magnetosphere)

1990 Pontlus Jr. D Wo]fR (’I‘rans1ent ﬂux tubes in the terrestrlal magnetosphere)
1997-Kiverson,M.,Kuhrana,K.,Russell,C.,WalkerR., (Magnetic anomarlies in the Io Torus)
1997 -Bolton,S.,Thorne,R.M.,Gurnett,D..,Kurth,W.,Wilh'ams,D., (the Io Torus)




(3) FHHHREM Cassini T ELIH
?'ﬁf%ﬁ% Cassini i3, T28HZTHAL LT, 1997 FIZIT EiF b, 2004 4, HEB5E,

2004- Gumett DA, (Cassm1 radlo and plasma wave investigation)

2004-Krimigis,S.M.., et al. (MIMI-Cassini mission to Saturn/Titan-Instrumentation)
2004-Young,D.T., et al., (Cassini Plasma Spectrometer investigation)

2004-Sergeev,V., (Bursty bulk flows and their ionospheric footprints-Earth’s magnetosphe
2004-Dougherty,M.K.,SmithE.J, Tsurutani,B.T.,Russel,C.T.., (Cassini magnetic field)

2005-Andre,N,Dougherty,M.K.,Leisner,d.S.,. Khurana K.K., (Saturn inner magnetosphere)

2005-Burch,d.L.,Goldstein,d.,Hill, T.W., Young,D.T.,Cray,F.J.,Coates,A.J.,Andre,N.,

2005-Hill, T.-W.,Rymer,A.M.,,Burch,J.L.,Cray,F.J.,Young,D.T.,Thomsen,M.F.,Delapp,D.,
Andre,N.,CoatesA.J.,.Lewis,G.R., (in Saturn magnetisphere)

2005-Sittler, et al., (Saturn’s inner plasmasphere)

2005-Mauk,B.H.,Saur.,J., Mitchell,D.G.,Roeluf,E.C.,Brandt,P.C.,Armstrong,T.P.,
Hamilton,D.C. Krimigis,S.M.,Livi,S.A.,Manweiler,d . W.,Paranicas,C.P., (Saturn’s )

2005-Krimigis,S.M.,Mitchell, D.G., Hamilton,D.C.,Krupp,N.,Livi,S.,Roelof, E.C.,Cheng,A.F.,
Choo,T.,Gloeckler,G.,Hayes,dJ.,Hsieh,K.C.,Ip,W.-H.,Jaskulucek,S.,Keath,E.P,,
Kirsch,E., Kusterer,M.,Lagg,A.,Lanzorotti,I.J.,LaVallee,D..Manweiler,d.,
McEntire,R.W.,Rasmuss.W.,Saur,J., Turner,F.S.,Williams,D.d.,Woch,d ., (SaturnMIMI)

2006-Sittler, et al., (Saturn s inner plasma sphere)

2007-Andre,N., et al., (Saturn inner magnetospher)
2007-Sittler, et al., (Sattern’s inner plasmasphere)
2007-Parks, et al., (Barth’s geomagnetic tail)
2007-Burch,d.L.,Goldstein,d.,Lewis,W.S.,Young,D.T.,Coates,A.J.,Dougherty,M.A.,Andre,N.
2007-Carbary,d.F.,Mithell, D.G.,Krimigis,S.M.,Krupp,N., (Saturn magnetosphere)
2007-Leisner,d.S.,Russel,C.T., Khurana, K.K.,Dougherty,M.K.,(Saturnian magnetosphere)
2007-Paranicas,C.,MitchelD.G.,Roelof A M. Mauk,B.H., Krimigis,S.M.,Brandt,P.C.,
Kusterer,M., Turner,F.S.,Vandegriff,J., Krupp,N, (Saturn’s neutral gasa cloud)
2007-Rymer,A.M.,Mauk,B.H.,Hill, T.W.,Paranicas,C.,Andre,N.,Sittler Jr,E.C.,,
Mitchell,D.G.,Smith,H.T.,Johnson,R.E.,Coates,A.J.,Young,D.T., (Saturm’s magne)
2008-Chen,Y., Hill, TW., (Saturn’s inner magnetosphere)
2008-Schippper,P., (electron populations in Saturn’s magnetosphere)
2008-Menietti,J.D.,,Santolik,O., Rymer,A. M.,Hospodarsky,G.B.,Persoon,A.M.,Gurnett,D.A.
Coates,A.J,Young,D.T., (Local injections seen in Saturn’s magnetosphere)
2008-Rymer,A.M.,Mauk,B.H. Hill, T.W.,Paranicas.C. Mitchell, D.G.,Coates,A.J.,Young, D.T,
2009- AM.Rymer, B.H.Mauk, T.W.Hill, N.Andre, D.G.Mitchell, C.Paranicas, D.T.Young,
H.T.Smith,A.M.Persoon,J.D.Menitetti,G.B.Hospodarsky, A.J.Coates, M.K.Dougherty,
Cassini evidence for rapid interchange transport at Saturn,
[Planetary and Space Sciemce, Vol.57, 1779-1784].

PLED X 512, 2009 4F I FIRIAE S -3m 021X, 1983 £ LIS D B & Jupiter @ Plasma Torus
DOWFFEEEBEMRE T, FHEAE#0989 T Lo Galileo 38 LT 1997 44T L Cassini) i B
5 LIFRBARBERENRMDY | SXOEEL LTEHSMLTNEZ B3bnd

HipAaz, TWHill iX, 1983 €Eizix, BE Jupiter OFFE Io @ Plasma Torusni OHFFE#.

M L C. FEHBEEM Cassini OFFFEQO0ICH BN L T3, 2007 40 Cassini BIE RO
Russel IZ, 1997 ££® Io Torus X NEHE TH D, 2008 £ Cassini BIERRCITIX, 1997 £
® To Torus FRXXDEHE T 5 Gurnett bHAICEHE L T 5, T HIZ, 2004 £D Cassini D
B, EFH ThH D Young I LU Dougherty 1, 2009 FEDFRHIIZH, D4 EHEHR T
5, WFEHEOEABBICESOMREENR., TOROEBENFREE L LI, 25 FELBR D,

EHificbizY, T—FBITICHEDY, IRRROLVELDIIBITIBEBEEZR-L TN,



4. FHIEEE Cassini IZ X 23RE Saturn DR & 75 X~ D EDOBRIEICHWT

ZZ T, 2009 fED AM.Rymer HiZ X5 “FHEEM Cassini 7> 5 A7 BE Saturn 1B 5
BT A<BR” OBR%E, BiT5ZL127% (Ryer, et al., 2009),

T OBMEIX, ROBEY ThdH, TR, FHEEH Cassini IZ X 288 Cix, BB Saturn
ONHIESBIZAIN > T T AwHWARLRNLTROLND ZENHHL TS, £ T,
Rymer, et al.(2009)i%, Cassini 7% Saturn OFREEICK T BRI Z -, “FTLW
plasuma-bubble {Z- DWW THERB Z LiZT 5, Z® bubble D—#fiX, Saturn OFREEIZIL
T, ZO¥ERON THEOHRHIEDH N, ZOEEH 0.25 Rs (Rs=60330 km/Saturn D ¥:4£%)
OIS IE->TWD, ZOEHARBENTWAB & ZIZIX. bubble HOBFEEIX. BX %
171000 BENEL 22T T, ZOEBETFBRER, BLv b REL 22T S, ATS
plasma OBEHAIMDIIABOBEHUNT LY b LKEVETH S, Z D purasma bubble
8D pitch angle D736 L U plasma drift DBIEE % €7 1k L T, bubble DFAEDRED
LA EBOHE RS, O bubble F#41T 9<L<11 (BALIX Re), FOHLNTMHD> D BHEE
i, E5o283HHH, BLE 260 km/s Rk Th 5, Pontius et al.(1986)iZ L 5 HIERD PN
BB OBE BT 2BAEEICSE LEHEFITIX. &KX 140 km/s Th2, ThbOHE
FHEEIL, FHEEMRE Galileo 23, HE Jupiter IZFEVVEREDH (IoTorus) 125V T Thorne et
al. (19972 b & WIHEILE, ZOX I RERND, T Z THREOXSR L LEBRE T,
FIEBBRBEDONDI O LW TX 5,

(4.1) Z ® Rymer(2009) D& LD Intn?duction X, ST LHzhoTns, T41L,
Cassini iZ & % Saturn OEHIZ L hid. plasma injection DER I 6<L<11 D&HRIZH S (Hill
et al., 2005; Chen and Hill, 2008), ZIIZ. E LI OBRBRD bz, Z OFFEOTHIZIZ,
L HORRE TRIEIX 1 Re(=60330 km) & LTV T, EBEIZII<IRs, 1eV ~ 30 keVEED
TRV —TIX, RGN RE Saturn O—BAOHHEL LTh, /hETEL LB UHillet
al, 2005), I T, X HIZKEXLBAKEGL00keV) 2 51X, BHRORKFIL Saturn 23 1 FLL
Lo L 725 D L E % - (Mauk et al., 2005; Paranicas et al., 2007), 2D K& IR A7 —L
@ plasma injection (%, energetic neutral atom(ENA)##8ET 5 Z Lic k> THREL 22 5,
DX BRRAF—NVOBRIT, BKBO tail IKBWTERAT I HLOT, FFT. spinup
DER H 5 (Krimigis et al., 2005; Carbary et al., 2007),

ZHIZH LT, BRI —(<~10kev) DHEEITIE, BAL VI BRRI/HHTH YRR T
HEDLNBEDHBLTHD, BRENZZRINVF AT bAIBIT B8O —2RD
&, BROBAOBSIIBBNICEVL O E ARSI DHI et al, 2005; Chen and Hill,
2008), —F . RPMIRBAIL, FER2LOLLRIND, WTRIZLTH, AHEICEBVT,
S/ E L F DFEIZRFT cold plasma @ flux tubes 2BV TDHFED 51 5 Burch et
al., 2005; Andre et al.,.2007), ¥7-. Sittler et al.(2005, 2006, 2007z LiviZ. ion fluid
parameters 2 E AT 5 &, FHEEE Cassinino RE Saturn F 1 BIZB T, L~6 OHLE
B W TEB SN REBH L injection b ZDMOFI &L ROV BB TESE LI TH S,

A Saturn IZBVTR® Hifz plasma injections IX Saturn DOEREREIZ foot print & L T
Hobhi flux tubes ICBWTHRETH Y, Zhid, BREHROBKBEICBWCHAI I
plasma bubbles {Z X< S LT3, TOFMIZONWTIL, =& 2L, Sergeev(20001Z & %
review paper ¥BEIZ7 5 L KV, Segeev(2004)D paper IZHMN SN TWA XIS, Bx@
TLHE®ETHSH, £72,. Rosenbluth and Longmire (1957)iZ ki, plasma(background
plasma) DFET 3 & 5 RBIZHBWV T, magnetic flux tube OFIRICBIT I EROER L
protons I3 X (Relectrons @ relative flows L B ED L S IZHhD D & H > TWNBENITHONTOD
FEREEBL TS, Hill(1983a, b, ik, T 2T, k@il Z &1k, GE. thr, BICELH




OHPEL LT drift THD LB TWB, ZOZ L OFBEEENT DI, 72 L 21X, Figure 1
DX THD, ZORICL>T, BB ZFE-> TWAREIZBWT, B, EWo
EM D/ ¥ — 2 B E, plasma injection DRBEEHN OB X DBIMERRAINB Z LicR B,
O X 5 BREEIZIL, bubble #8815 BES BRI, X7 MK ExB D2 X - T plasma
23 bubble PIUZILE - 7 KB BH T 5, £ LT BARIZH » TTE = flux tube ZRD Hi,
ZTNURBREREDIZTI~EBEHTLZ LIRS,

ZvE COMETIL, 7= & 21X, Rymer et al.(2007) DI Cid, Saturn @ electrons @ 5 5,
6<L<1l OEHIZH B L DT, 2 BENOLERYI->THWT, BBEMCEZE., zovTh
Maxwell DRIz LB IRy ThH D, Z Z T, electron phase density (PSD) ##hr L& %R
W2 EHUE, 100eV LT o X 5 2{KIR O injected component i L~11 25 L=5 i £ TOHH
{Z local source BAOA3 > TWT, Fhid, /ROBTEIZHFET 5 source & & B2, N~
BE L., ELAICEHERRIRE ERICORN D, TOZ LB RT, electrons DAl E ~&
BXINDIBERE L LR ERBOBERIL. AMZOBEICL > TEEREBL2D LK
Saturn @ neutral cloud O E LTRDOLNE, ZDEE, BELHL, BLAK Lo TE
CAREZERESE L TWBIZEN R,

F 7=, Burch et al.(2005) D45, Hill et al.(2005) DEFZEI L TF. Rymar et al.(2008) DAF%
DORRELIH R T, SR electron component X drift 2k > TR I, /NREEO inflow
(Rymer et al., 2009) T, Saturn 23V CTEH X7z local plasma injection DERD 5 HD
6 B HONWT, TOFMERRDZ L LT D, ZODIC, BRLERLOBEND, SD
? plasma DERER I UEBREEOHELRAL, 2. TOEREER2ICHZ LTS,

(4.2)Dataset- Cassini Plasma Spectrometer(CAPS) 2 #{ 4+ 35 &, = X2 A ¥ — R
1eV/q-30Kev/q LT 0.6eV-30keV OFFHDTHE L 7= ion BL O electron ODRPENBTE D
(Young et al., 2004), T b . K47 63 energy bins @ ion energy 3HElIZE+T A Bfix 4 BT,
Fo, B RXAX—OGEOHEC 2 WEREBRLERET TH D, WTHOFHENIHTZ->T
b, FAMAZERE L TOF—X X, ~HEN 50%%200 0 anodes % 8 BHAVH LD T, £KZE
D~5 6 %EHEKEFL L, Smin RO THAINRTETH D, iz, BKBOEGMEITAIC
BH%E X 7= MIMI(magnetospheric imaging instrument)i¥, ions 3 X (! electrons ® 5 H D
30keV 235 1MeV LAEF TORKEERR L LT, ERFIMERL L LDDILBTES
(Krimigis et al., 2004), Z ® MIMI ZH\ 5 &, energetic neutral atoms(ENAs)DFH3l% L
T, TkeV~3MeV per nucleon DFFHOEBHAEBREZROD L LAETH D, BIED
wave activity (2O Cid, FHIEERE Cassini #£#? Radio and Plasma Wave Experiment
(RPWS)EHEELAVWTWD, ZOEBETIX, AEET. 1Hz~16MHz OfFHEZXRL LT
% (Gurnett et al., 2004), Cassini ##HOBIFTMAGHI., TOHOBB ORI L ZOME
DOFHBNZHT- > T, BRREDHIMNFIRE TH 5 (Dougherty et al., 2004),

(4.3)Case Study- = Z T, fBARRAZTH-HIZ, 20054 10 A 30 Az, BRE Saturn ©
FRIEE BV TEB X7z local plasma injection DBREBD 1 FlI->WT, B %272,

Z @ injection X, BHRHITIX, W THY, TR 57 15 D, BXLE S O H N
WEBREN-BHRTH D, ZO injection IT, ZEMMITIE. ~TRs B0 TEHB I TW3,
FEE ko SZS FEE[-6.840%,1.465y,0.047z17> 5, 6.995Rs D[-6.883x,1.423y, 0.048z]1F TD
R c8flaNn/, Z D injection (TEER T, H L7 corotating DIRBOH Y | FDEM
72 azimusal scale DH#EENRTRETH 5, T @ corotation speed ix, L~7 IV T, =50km/s
(Wilson et al., 2008) T Y., TOHARL, BLZ 300 BHERE, BRI LR TERE, T
?D & % D azimuthal extent (X X% 0.25Rs Thotr, ZOBHBROKEFEIT, BRIAFHT TR,
azimuthally prpagating THholzmThHBH, DL &, BRIZKITL T, drifted electrons /3
PMEWRBELEBH L, anticoronation direction @ ion counts BT B Z LA Ao TV
5, ZOBRKOBRT —F 1X. BLRLEE(CAPS, MIMI, RPWS, MAGIZ L > TEGEShTW3B
(Burch et al., 2007), E£7-. Menietti et al.(2008)i%. CAPS iZ k& 3 electron BH D7 I,




#/E. Rymer et al.(2008)® plasma circulation model ®E{LZETL T35, HBNTED
535 electron density I3, 13 2>5 4 ecm 2B TH ¥ | electron temperature i3, BHEN T,
~30eV H>BH~1keV OFFADOKM(EF)BBD bivie, ZD L D KHORS OH Lo, #E,
~46 JHE 49T TH Y, Zhid, FEHIZHIT D injection events IZDOWVT, T ETCIIHRE
XN TV 5 Hl(Andre et al,, 2005, 2007) L AR THD b DO LRI TN D, ZDE XD
DML, magnetic dipolarization D JKEEIZRHE LTV T, dipolar configulation DJEA Y IZ
LR TATHIRBOEEZZHHATIHCRLI LD TH S,

TIZT EADNRT R, RERICEADOHME THS EEZ TN ThES, MERLE
OHFDT=DIT, ENEHERTDH LI TEdhol, BREEDN S H, CAPSIX, ZZTO
B4 T, ion moments ZEEEITAE SN T2, 72, Wilson et al.(2008) 23 L TW»
% & 51z, Z Z T background ion population (outside the injection event) & > 9 { DX,
BB > T, WAVWADEDOEEZ b TWT, FECTHEN L D THHIILZER TE HRE
2722, X 51T, injected plasma & V5 H D%, CAPS OF#IL P Cix, B LT,
ZIZTOKRGDE D2, H2DPRVPHPIE 26 TERVEE TH S5, MIMI TOFHYTIE,
HHTEIBREDLDTHD, ZOXIRIENDLEEXT, Kyl boik, mXdnsMH
ICHMSICMBRINIRIB L 2> TWT, 20 plasma OE L, FHHAEBORS L LizoxL
F—D L V%X T energy spectra 20 A ERMBELINDHLOTHDHEELDND
8. T Z T, MIMI-CAPS @i aHHIZEE T ions 2OV TP elecrtons HEREDEIEIZ LY,
E L0 OMBERIZIINY ., FEEERbO L Lin, EEIZIEZ. ZoMEIX, HECE
T AW REERHEIC BV THETPOBRBORBIZH 5 LW IDBERTH S,

Z ZIZ,CAPS.MAG, BX U RPWS 0BBIT—# 28 L TRARTHZ LIXWRETH D,
LU AT, SCE_EOBBA O T, 87 %23 2 (R f 03X, A M Rymer et al.,2010
DFEEZBELT D),

9. ZoFlE, FHEEE Cassini OF 17 ARI(2005 £ 10 A 30 B)D 07 B 30 40D
07 B 50 £y (UDIC B4 2 BAIRREFI TH 5, FHRIRTIT. HER EORRE 0 EiZi 1T DRI
YEHL | - 5 R (universal time) THH Z & THD, BRIT—# Tix. BAHTH Day303 i
BT 5E&ETHD,

Z ZC.CAPS B3R IZ X 5 electron @ energy-time spectrogram BHIFEEIC SV THEIT
T3, T2 T, 078 35 4 Z A2, electron energy 23, lkeV iZE—Z7 BHh, $3 5O/
12, 3~20keV DOEILT energy @ level 2 5x10°~3x107 L J< 220, 07 B 40 iZiX, £D
energy O level I%, 07 B 35 SLLETOREBICH &> T3, FERARBHSHNIL, Menietti et
al.(2007)3 L T Rymer et al., (2008)i2B\ TH, BA I T3,

Xz, CAPS IZ &k » THH &SN 7- ion data M5, ZiiZid. pulsed appearance of
the ion count rate (p)D/XFZ — HERLTH B, 07 B 35 3i2iE. Z D p(KeV ) counts A3
peak L 2 BB TH B, FIFFIZ, ion energy @ level 0~35 keV OB T, counts M level
23, 5x10 counts 7>5H 100~1000 counts ? level @ spectrum & 72 Y | Z D spectrum peak i,
07 B¥ 36 43 £ T2, 0~35 keV D#&ifH Iz 7z - T ion energy spectrum D&V level (XADS
BHFDH%. 07 B 40 43 F T2, FIHID ion energy level iZF THAT 5, % 2 KD ion energy
level 300 counts & ® peak(0~5 keV)H3#) 6min HIFR CROLND N, I CTOEBNHD
frift out & A &h 3, Zhix, dipolar drift out & A TXWTHA I,

B Bmag 1. ZZ TR L TV BBHAOFZICBWT, HBMELEVTWT, 07 B 30
535 07 B 50 53 £ TOM, 42~46 nT OBRE THH P, ZORBOMIL, 41~50 nT TH D,
Linb, BEOHBEY LDy LT, BBORENELLERESMICKRE <250 T, Bl
dipole DIRENZ UM E S OMBEEBR LR TUIR bR ARD, ZOBBAED L XTI,

BB REDOFBIZxHEG LT, electron gradient drift &9 Dt injection BHRDLH

(RHS) Ti, ZA& Saturn OPO~Embpvy, i (LHS) Tk, FLrbsmE s,
I BHHEET B L | drifting electrons & V9 b DX, HE Saturn OFL~EH 5 injecting
plasma bubble ® ‘orbit’ ¢ Z X TH L WVD TRV NHEEZBDIT TH B, ZHIZDOWTH,
SHOBEE Lz,




ZZC, CAPS IZ X 28HIT, £0 counts & LTOT—FITHEH LV, BABRAIC
BWTFHEN D ion counter drift I3, electron drift & FEFICZED bh b, FHESKD
FERE S B AT, FHEREE OSSO FRICHBERH D L 5> ThHDH, TR TH, I T,
FBIrLTBE 0ok, CAPS Ik > TE#El SN 7z electron density ne (cm™ )33 X UNEE
Te(eVIDFEETH D, THIZOWVWTIL, Gethyn Lewis & 9 BAKERZH TV 5(2007),

BREFE O D spectrum (Hz-Bif7) X, RPWS (2 L - TBHIEE I - LD THh B, E7-.
FERBURIL DA% 1T 7~ electron density IZOWTHEIR L TWABA, FEMICOWTIL,
Z D#CBHED Web version #2E2 315 Z & SEE L (Rymer, et al. 2009),

2B, T, BREGROBKTOETE L., W O»rOMERRELZEBE L, & XE,
(DEHIX dipole THHZ L, QKRRICLHPBERIZEHTEHLD L Lz, (3pitch angle
scatter during transport [ZEH TX 5 b DL L, (Wplasuma transport 135 1 BLUE 2
OBHBFAEEDEERTHH LD L L, B)L~11 IZBIJ % angular distribution X
isotropic(% HH)THD LD & L, energy spectra it F(v)oc E2RRY M- TWHHDE L,
EBIZ, BiifRE LT, plasma BNHHBELLOE#ICH S & 121X, TOFEL, L~111KB
WTERIEN S spectrum DD LD LEHETHD BDEEX DI LIT L,

BEICE X, 20X BRBITICIBWT, BLED X IR, W OPDREIZOWTIE, £D
BILZ+ZITHALDIC L TEBLERD D, BIEOLZA, EDOL IR ENERTERNE
WHORBBICH D Z L E2AMO LT, AICHEFBEINDZLEFLEL TS,

(4.4)Injection event ORIDOHEE-Z Z T, injection DFHEAERDMBEEZHET D HIEOV LD
& LTI, injection @ phase space density (PSD)ZfEHTIZL > TRDB Z L THD, ZDH
4. Liouville’s theorem iZ L#LiE, PSD iIRFEENB Z L B> TS, FHIZ, EDAL
BOE 1R E2RD D DT BERE R VO & ZIC injection BFENR H 5 0% X i kv,
ez, BRI THONLERERDI L, ZOXIRFESERTESH1L LT, 2005
EDEHI R (DOY) 303, DOY358 ¥ L T 2006 420 DOY080 % %% & L T, normalliized PSD
vs pithangle @ diagram Z#< Z L8 TE %, TRiTH, pithangle 28 90 EZBWT, PSD
23 peak(normalized PSD~1.00), pithangle %% 25 EE¥ L U 165 BEIZ BV T PSD~0.50 L 725
X O BB EOERL, BHRGROBRZRTHOL LTHLILD (cf Rymer et al,, 2009
BXoRE2m|), '

Z® 3 B&yo PSD Kb 8Rl7 —% ofEnd. BRIEN. Rs BRI T, 7.8, 9.1,
85 DHITHD, TNIV LI HIAMUIDMBIZBW TS, FERR2EMAIFED LI, P~k
m» 9 PSD O BIIE HICEHEL 25, bHA A, PSD 0BRIEDIZS - &1, HE Saturn
NODOHEMENE RDIFLHEFLIRDLVWIRT, TOLIRBHFERTHAOMRTES LT
2 LTIV AR, ThTH, LROBEMIZ, BREOTENL. £OMUITHIT T, K
EROTWRNWEWNWS ZEITHEETH S,

=@ PSD (%% % pitch angle distributions(PADs)DEF V% 0LK 5FHkEE LT, Lo
BlL X R FIERD D, FORKRIL, dipole DEEBIZIIT B isotropic electron PAD 0¥
HMEHOBEAITHT HRROBEEE X TVWD FEMIZ, Rymer et al, 2008 #2H), F1IHO
electron distribution % . f{v)=sin™(a)E= & L. m=0(@isotopic PAD), £/=, n=—2.0 D & X

b LY., FHD isotropic PAD R L2\ T, #I#id PAD O peak % 0 ERS XU 180 &
EL. BMEIZOECHODbhDE LEEET 5L, normallized PSD #/h X< F¥liT5 2 &
12725 T, “pancake” B PAD 22> TCLEH>DTH5D (cf Schippers et al.,2008),

W &

Mnjection Propgation Speed DHEE

Z Z T, injection event DB Hi(age) DHEED - HIZ1X, injected volume DREFIZ IV TR
® 515 particle drift Z5HF i L v, BED X ) 72 dipole field DFREREIZOWVTIE, £
@ gradient drift (v,)ix, E.L2BsursceRs) ™ ICHHT 5, Z 212, E i, energy TH Y, 7=,
Bsursice 13, BXE2 Saturn REOBBE DK X(~2.1x107°T)TH 5, Rymer et al.(2009) DFICIZ
BsRLTW3S & Z AT, electron counts 3 & UNion counts %, MEEE i< T, BF




DEEIZL > TGRLTWS, Z 2T L=9128i} 5 electron drift ® speed % . I D drift speed
L L.1keV O electron O drift % BEHEIZ X - T,.900%260 km & ThiT. Z Z T injection
¥, 15t Iminold THDH L VW5 Z LiThed,

FZ T, Z?D 15min &) age V>, £7-, plasma bubble OB EIE#EA ~4Rs & T5
L. HFHE CH O D proton OFEFTHBES, injection DEHSEEDOHEEM[E VD Z LT
DT THB, ZZIZ, Rymer et al.(2009)iZ I hiE, age of injection= distance/time
(~260+60/-70km/s TH 5D, Z 2T, HE L TEL & Z L, Sitter et al.(2005, 2006, 2007)
DOBWETIE., L~10 23317 % protons {22\ Tik Vr~-40 km/s T& Y. water group ions IZ
DV THE Vr~-20 km/s THo7eEWH & THDH, ZD LS R EOERRIZBITS
BHICBO T, EITHR ST 28 L1281 5 small inward injection structures b EE
L7l dil2oT, ZOXIRBRPBONDZEIZR-sTEbDEEZLND,

Rymer et al.(2009)Dik <3 & = A2 KX, Sitter et al.(2005, 2006,2007) & [FHE 72T .
Z OMOBRFUZ OV TRA THA T, injection HD drift & —FEL TV B X HITIXR X2V,
ZOFR—EOEMA L LTI, Rymer et al.(2009) DA 121X, injections 2% very young TdH o
7= Z &R0, drift 4% simple dipole drift IR > TWERFOBERRBREZ D, THIZ, BR
DHEVBITHRDLY ORFRIZBITAEBOBERNFHLEERHZONb L ENEEZ L
b,

T OEMIZ, BB OWTHT L7261 & LT, Pontius et al.(1986)DHINH 5, ZD
FHZ BV TIXL, injection DBRIZX LT, KO LI RRIC X DHEZ L TWD, ThIEH,

v,=IL3A n Q2Rsl/[ZBsl> 14t0 140km/s  ..oooieiiiiiiiieieeiiieeeeeee, 6y
Z ZIZ. 7 X mass per unit magnetic flux THY, 2¥D LI X THOLbENB,
H= § 0d8/B  corieeiiieeeeeee ettt et et ee e e e e e e ata e aa 2

Z ZIZ, I IX height-integrated Pedersen conductivity TH Y, i, ZZ Tk, Zo%&H
ZDoWT, 2=100FI&, £=0.15DHLIZONWT, HEZZEIT L, BE Saturn no [l
AEWEEIT Q=1.67x10"* radians/s Th Y. E/z. HE Satun OREREB ORIV ONT
X Bs=2.1x10"°T TH 3D, ZIZT n #RDBZLIZTHHIT, cold plasma scale height
IZR > TORS%Z L Tidde 672V, # Z T, average mass per positive charge carrier (16
amwDHMEZ V5 Z &2 L. density Dff, injection DPllE X USMUlOBEE O & LTI,
BEBRZHAWLZLICTEE, kDS 7 Offiix, 047118 L5 = L1z 5 (Persoon et al.,,
2006), = DFRIL, corotation-dominated system DEIEIZBIHE L CTHEHXFINEZHDTH
255, transport IZ31) 5 plasma pressre DEAR SIXEH S TOHT, ZEShTWiZRW
ZEITHEEER LTEI L TR bRy, EEERE ionosphere @ conductivity(0.18) &\ H /h &
VB (ow value) % VT, Pontius et al.(1986) DHEEMIZxIL L-3HE 2 L2 R T,
propagation speed iX LFEEDOT —Z M CHRONEER LY 2H/h 3V &I2725 2 & AVHIA
LTw5,

4.6)BLVIT-U LD X ) BRI OV TH L TERLLIAERELEHBE, UTOLIIIZ
2%, T35, Rymr et al.(2009)1, 5 — & BT L B3 & ORHHBRI 217> T, 2006 4 10
A 30 B(DOY303)® 07 B% 30 4 (UT) HICHE Saturn D~7Rs DBV CERE Shi-
plasma injection DBRIZIS T 5 age B L W speed DHEEEZ L. TDFEBD plasma (2T
¥ density drop i3~13cm™3TdH Y, injection NI Tli~4em 3 TH 2 Z L BBHIZNL TV B
ZEEROMILE, 2L E BTFREO LREIIK I0BMORBIZE eV b ¥ keV 2072,

ZZTCO, BBOMS(z HFEIE 46 oT 75 49 n T~EE L, ZDO LI RBRO,

azimuthal special scale i 0.25Rs T3 -7z, Rymer et al.(2009)i%, Z DX % 2Rz Ez
DEF NG R LT, ZOL5BRPBIRRICR>TOTHBLELTNS, LrL,




FERIZBGONT —F Db, AXO LD REROTEIREITEZ LOTE BT,
WEDEZA, IENT, ROoTWiky, &< I, injected plasma 7% CAPS D EHHIx%R &
LTW5 energy KBWTHA LT, BLEALERDONRW LVOREL Y, . FlE
IZ. MIMI @ energy #HHIGEHICE N THALEZEWV S JITEETHD, LrL, TOFEMIC
DNTiE, T TH, BN L ET5, R TH, LRBOZ L5, injection event DN
Bz 1T 5 transport D EIZ water group ions (ZHZUIMBASI NI T TH B Z L 2 HRIT S
ZEMTED, DF Y, contained pressure #FHET AT, S OOBANEERRIFE
L 7= energy ranges %# %8 L T continuous ion intensity & energy spectra & DEhE % R X
RETHEBRLRNWEVWS ZETHD, LTAT, ZOL54T &I, MIMI-CAPS #Hl:ED
ions {22V VT D project 128V C, MIMI-CAPS B2 O electrons @ inter callibration @
B TEBELR>THWBRIERTTHD, 20, FIIHEBIZHDRVWEZIARSDB LV Z
EZRRoTLED, ZOXKIRHEHFT, HIEOHEDT-DORBIMFEK R EORR DI IV &
LT, pressure balance DfifEIZ, SH%OMEL LT, E~EDIINIT, EIL LI bRVE
BIZBE-TLE-o TV BIRETH A,

I TEHORS L LEBROOSERIEEE O 2 TEB X /- electron drift 2% L Tii,
I8 & 45 injection X, JTEIAYIZ 156min old & V) HEE(E % Rymer et al.(2009)i37R L7z,
—REDERHETIERBITLHE 1 BLCE 2 OMBARERIZX L T electron PSD Of#HTr % L THIHA
L=z kit 27 &b L=7.8 "5 D inward transprt & Z Z T® contained PSD & 5t L
TWd ez 5, BETH LN injection BIBIZIIT D electron pitch angle distributions
DEFNEE %, o, B transport X FIHIRE A O isotropic source 76 ThH B & Hid,
B3 X7z pitch angle distributions 7% L~11 2>5 ® inward transport IZ X5 b D & LTHEY
THDHENIZEERTIERTELI LIZRD, LA - T, injection (X radially ~4Rs T
HBEWHZETHD, £, Bl time-of-flight OFEOE RN L. injected flux tube D
IEIEE & LT 260+60/-70 km/s ZHEE L THI LN TEH LI D, Rk E.
P ® 5 B0 injection IHARIZx L TH . pitch angle distributions 78 3 ~ 5 Rs O&iFHN
OEEHEED & DEEL transport THh 5 L WX B biT TH B, 728, ZHik, contained phase space
densities 7% transport at least 1Rs (ZX¥HE L TWTHELX IRV, TOXIICRTL B,
Ryer et al.(2009)iX. #FB LzBRICHIT B drift © age ZRDOT, ZOMOBR TO drife
IR LT, AU L 5Ty &< LIRS — AT, BT ST Tho L1
AT ERTERDPSTEEVWI I ERDTH D, ZOMWHIE, FHEH THS Rymer et al.(2009)
DXBEDRNPTCHLRBMMB Ry Lo TND, BRXORELEZHMML ZEBRUTH D,

X T, Pontious et al.(1986)1%. FELHDBIFE%EER L T radial speed DHEFEZ LT 5,
ZOBA . XML T HHEST mass per unit magnetic flux between inflow annd outflow
regions DE(difference)liz L 5 & LT3, ZOFEIZ LR D Z LizThid, radial velocity
& LTI 14~140km/s BHEEE E 725, 7272 L. ZOHAITIX, ionospheric conductivity %
EDXH5HoT=n W IERD S,

Rymer et al.(2009)DHFFEIZI T, injection speeds DHEEZTHIH=Y | Slzo>DER
SEFHERIIMELZ AL, MEORERIL, BEEFBRLLLLTH, MBTESL
SRbDOTRRP o, RERRERMICHRENICEEIR2VIITTHD L LALTIEINSIT
e, FOERICIIERTE R, Rymer et al.(2009) D5 Rix. Burch et al.(2005)2345 T\
DRERLITME LTS, 2@ Burch et al.(2005)DHA1ZiX, injection DREMNIZISIT B
6.5Rs I2331) 5 plasma dispersion ¥ 5 £ HHAL TV 34, Z Z Cid. Thorne et al.(1997)
ERERIC LT 95 Rs R & LT 9.5 Rs I8 5 inward velocity % 100km/s & LT\ 3,
L LB, ZORKRIE, Cassini BFRERmNICHEDRH D & & D insertion #F 17z & L
T b, maximum inward radial velocity (Z-2V>T,Vr>-40 km/s & L TV 3 Sittler et al.(2005,
2006, 2007 OFER LTS L TWRY, O X 3 RS HET 3 & | insertion orbit &\
5 b OIBKEOVENRREEZET LO TRV EWN S Z L2/ T, Leisner et al.(2007)
73%3*\*&0‘5 EORLOTRRhoLEEENS,

Ryn:g: et al.(2009) 33 E T L 7= speed iX, BRE Jupiter DEBFFIIZ OV T, Thorne et




al.(1997)%, 55 injection PHERIZH L THE L LD LREEAEEL > TS, Zhz
LY EZARCLTHBIHBROZSES> THDHbD LT 5 L), inward transport speeds i3,
83km/s 7>5 =100 km/s BE L CORBENDEL L2 bDLMEIND Z LIk 3, FHEE
B Cassi IZ & > TEE Saturn BB LR L. FHEER Garireo 12 & - THEE Jupiter
% (Bolton et al., 1997; Kiverson et al., 1997)D&#IF L 11, HHICR T, £BARDB LV
STENTHAH, ol 2L, ZBMRT—NiX 10°km ORETH Y | density depletion i3 2
FREOBATHY ., field magnitude I dipolar direction (2% L CHIADBIFIZH 72 L.
% 7/-. ion pitch angle distributions i injection DEEHNIZB\ Tt pancake-like TH -7z,
ZDXHTRTL L, /ME7 scale(l planetary radidiZ BV THYVM(~100 km/s)iE % b -
TV 5 inward transport i, & Jupiter IZB W THEE Saturn iICBWTHA LD LRSS
DTH-> T, £ TOH magnetic flux iX. EBRDO L > REBTIIB T 5EHEED inward
transport I~ & - T inner magnetsphere ~*HRTHZ LICRDIDTHSD, EHLITEIRD
iX. Raymer et al.(2009)DF 3L ® introduction {Z bR TV 5 X 912, depleted flux tubes
(“bubbles)IZEEHERIZ OV THRDONE DO TH - T, REMROBETIE THHEROPL
PHIEEZPESDROBRCBNTRDONDI LV T LROTHD, ZhEFERRT LT,
¥ 100km/s @ speeds T propagation (2% LT, 7 & xIE, Pontius and Wolf{1990) 3 #EE
EERDTVB L, £z, plasma 22V TR B 5 A2 5803 Parks et al.(2007I2 X 9
RENTWS, BE Jupiter POEREMOFE lo OBD THATICBWTERBMINS
interchange & \>% DDV Tk, Rymer et al.(2009)0%ER &, Fhicktii L Hill et al.
(2005)33 X 1} Chen and Hill (2008)D#E & L 5> 54|l L < . B Satfrn i35t} 5 injection i,
RKE 5<L<il L WO FEHNICBW AT I DLWV TINWTH A I,

(4.7)BAE%BS-Rymer et al.(2000)IC L 23 LOREIL, HoOMT-, EED LS cEREhD L
EZTWB, 2B, Z0RIO LV ELHE TR FHEEE Cassini D4 E(mission)D T,
JPL(Jet Propulsion Lab) & U8 NASA(National Agency of Space AviationmiZ X AHFEIC &
BEZANKEY, 7z, Casssini CAPS Bi5EIEMEI IS & U Johns Hopkins University @
ISFAYBFFAE T Cassini MIMI FHEZEEBERICEE L-BMLOBAIIC LD L 2 A5 60724
RWEEDRI TR LR,

U8B EHR-Z Z CTALICEE L =BEMRIX, BEXICX-oTHLHBZ LN TE B,

AM.Rymer et. al.,, 2009 Cassini evidence for rapid interchange transport at Saturn,
Planetary and Space Science, Vol.57, 1779-1784.
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