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We statistically investigated the ion bulk speeds in the equatorial region of the Saturn’s inner
magnetosphere using the Langmuir Probe (LP) onboard the Cassini spacecraft. The LP observations
showed that the ion speeds are about 60% of the ideal co-rotation speed at 5Rg and the ions
have between co-rotation and Keplerian speed. Beyond 7 Rg the ion speeds are spread to be a
larger speed and become close to the ideal co-rotation speed. It is suggested that the sub-micron
sized negatively charged E ring dust contributes to the plasma dynamics in the plasma disk.
We also calculated the ion speeds using the three components MHD equations, which include
the interaction with dusts to investigate the effect of the ion-dust coulomb collision and the
massloadings, and the magnetosphere-ionosphere coupling. Our model shows that the ion speeds
can be significantly reduced by the magnetospheric electric fields generated by the collisions
between ions and dusts. It is also indicated that the coulomb and/or direct collisions between ions
and dusts can be effective around Enceladus.
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DBHEEN TS Hill, 1979; Saur et al, 2004). BEEER A v —XOLRBEEE D v v —=1C
RSN BRI X2 BEOBRITIE, 7 A~vEEIZ5Ry (1Rs =60,268km) XYW
MICiEkmEES L, F4 X0 IMUTIIRAICEEPSEL 2D, TRy THILEEREE D 70-80%
BEE TES R ZEDBHLNIC/R -7 (Bridge et al, 1981, 1982; Richardson, 1986, 1998;
Wilson et al., 2008, 2009).

Hyy—=+Fv a7 =7 (LP) ZMAWITEDOER TIEIA AV EHENE ) v 7H
WThr 7T —HER ETEL 252 LR ENT (Wahlund et al, 2009). £2E V> 73,
TR LV ANRITIHAICHEL /& (270 b LFF / A—=FFARX) ¥2RNRT0 O
RENTERY, MEBEFANPTLETST AT 4 A7 ICBMRIICEE L2 TnbdLEZLNT
W% (Horanyi et al., 2004; Kempf et al., 2008). E£72E V> 7 ¥ A hOERMIEIRTH A
Tyt T FAETIE, BTEENRA T EEICHEN TSI L, A4V #ERT 7T —
HWEC D Z LRSS (Morooka et al, 2011). &/, hyi—=-TFIFXA<vAXT kn

A B — (CAPS) TOHUNIA A DI D 50-60% FREICR D T & 2B LN LT
(Thomsen et al., 2010).
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Bx T LENBESEOA AV HELZBLLEDICLP OF—4 ZH\W, LPIiX v —7ICiE
LLLITADBEEZNTEI LTI I A~vE T u—TICHED, TORCHENEBRIS T T A~
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kBY‘i Lf 1— qZ(UlJrUbias)
2rm; 16 mévl kT

I = — A g,

LELZLNTED, Ap 37 v —T O, U ZHWEAAL 7 REE, U lZ7ve—F 4
TRT V%V, nid3A FVEBE, 0, 344 VEE, T, 1344 VIRETH L. BEKOEE
MDA RENETELE kT, <<1/2mp’ L$5ZEMTED, by BRALY <V ERTHD. F
BzEIWMAL L,

|, I/ ~ 94U+ Uy
]ix ALP zQz 4 mvb

2




TRETIRAT 4 RATIZRBIDEAN—TF A<HENEM 135

L%, BN A A VERIEL=a-bU-0U,, LETa b biTENER,
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aq;
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mvi/2

LB, AFXVHEEXa/bPHRODDIENTE S,
a/b < v}

AFVEEE, TEABERETIE S e b KT N—T A BKER 72D T 18 amu & A
7z (Young et al, 2005; Sittler et al., 2005). A A4 »EEIFEEHFROAHICE LIRETD &,
BoNDA AV HED,

Vg = VT Uy

LET D, 013 A F U OREFIFIRE, v, T8N S NI A & VIRE, v, TRERORE G
HWETHD.

200542 A5 2008 4E 10 HETOH v ¥ —=HREEE (£ 1Ry) QWD F—% 2
Wiz, Fig. LiZh vy v —=0®iE%ZRL TW5, z EFANITKEHIA, v EFMITSBENRE T
H2. LPIZAMLT I~ TERIL TRV, HEIRIRAIT 24T 5 DIC+523 727 — 2 BIFEL TN 5.

Fig. 213X LP TERIL 7o A AV EZ R L TW5H, HEHTX L E» D OB (Ry), s E
(km/s) TH5D. 4R LV RN TOA AV EEITEFEEMITH D, LavL, 4RSHJET“
AT EREXT 7T — R EMTE
T L, £ 4Rs L VAT

HREERHEE LD bBWEE A
RLTWD, Ol i34k [A xR 10
i D 50—60% 2 T, Wahlund
et al. (2009) THREINLZ LD
IZ, EV U IHESANBA AL
B 238 5T D AR AR
LTW%. ¥/, AR FHBETIRY

—HE XD LA A B -10
HzhTnWa, ZoHHRT &
54 2 CBIE L 7oA A4 v SR s 0 s e s 0 1
EZALNTING (Shafiq et al, Fig. 1. Cassini trajectories in the equatorial region of Saturn. The
2011). A AV HEIX TR, L Y4+ positive direction of z axis is toward the Sun, and the posi-
BCIEELL. Bl TW5, = tive direction of y axis is toward the dusk.
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LP TEM &S i A A ;g 501

> 3 FE 13 CAPS % Jil W c Y
oA A UHE LY bR 30
WHERTH - 7= (Wilson 20 . L
et al., 2008; Thomsen 10} '_--;,_._.;‘ e e
et al., 2010). Wilson OD p ; 5 5 0 1
et al. (2008) &5 » & Distance from Saturn [Rs]
10Rs D TA & v E Fig. 2. Azmutial ion speed from RPWS/LP. Solid line is ideal co-rotation

dashed line is Keplerian speed, points are the observed ion speed.
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7z Thomsen et al. (2010) 1T X DAERIL, A A @ EIFIILEEREE O 50 225 80% FEE TH - 7z,
Fox OFB L 7oA A 2B IXILRIEREE O 50 525 60% T Wilson et al. (2008) & Thomsen et
al. (2010) OFRERIV b/hEnbDEeoTz, LP i3 eV REDR T 28T 2 2 & 230 FE7R
DIzt L, CAPS 3HE eV ORI 28T 2 Z LA TH D Z 25, LP & CAPS THIMIT
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2000).
BREE — KBRS 2 E B LEKEES k. 5% E I,

21< cor E) - sz

ILEERERE Y —t rEE, B, [3HEEREY, 4 I A NEOES, jII#AE AN
H—t 3 F:'C

J = en;v,—en,v,—qqnq,vVq

LHEZ6ND.

2. NFAH—

Fig SICRT RO WCEFEELA T VEE, FANEELZE 2. Fig 3 3MEcEE» 50
BREE (R), MEMICEEZRL TRY, ERPETEE, BRNE R NERE, SBRBPET AR
ETHD., ReBHEEMT D EBENBI»THETEHLZTWD (Fig. 3a, Without peak case). 2 Rg
THEENRKERY, BEHEEIZ6 X10m™ (Persoon et al, 2009), %2 M#EEiX6 X10'm™
e A B E 1L 6.5X10°m” (Smith et al., 2010) & 5% 7z (Fig.3a). B/ —2 &L T, =v
CFGHATY a—LEBEL T I RAADICHEOE = Z/HTEDL LI RBTEAT
(Fig. 3b, With peak case). t'—Zf{Ei¥, BEFHEITX1 x10°m™ (Morooka et al, 2011), & Z k
FFEEIL 6 X10°m” (Shafig et al, 2011), FPEH AEEIL1 X10"m™ (Smith et al,, 2010) TH 3.
A A VRETETBEL LA NBETRTIENTE,

s

n,=mn +fnd
e

LEITS.

Density [m_i]
Density [m_sl

8
Distance from Saturn [Rs] Distance from Saturn [Rs]

Fig. 3. Density profile as parameters. Solid line is electron density, Dashed line is dust density, and dotted line is
neutral density. (a) case Without peak. (b) case With peak around 4 R.
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FANBOESdz b &7V —N"FAF—L LT, dz=1, 3, 5ReP 37 —ATA A
EDFHEZITo 72 (Table 1). # A FONEITr,=10"m, ¥ X FDBEMEIT q, = adner,p, C,
alFA T VEEOBET, KINV—TDEEITN 366 THDH., IBEITETleV, ¥ A MKRT Ty
NEIV, AF v PPN ZOE T 18amu, ¥ A N DE&EIm, = 4nor]/3kg & LTz, # A |
DI 7 BEFAK THER SN TWS L5 & p =10kg/m’ £ 72 5.

Table 1. Paremeters for modeling. We use a density distribution and a thickness of
dust distribution as parameters.

Density Thickness of dust distribution, dz
Case 1 Without peak 1 Ry
Case 2 Without peak 3 Rg
Case 3 Without peak 5 Rg
Case 4 With peak 1 Ry
Case 5 With peak 3 Rg
Case 6 With peak 5 Rg
3. # B
LP TOBLHITIIA A HEFIEERHE LD b/hE< ), 2=V M3 0L PRICH

BLIEA AN EHEEHL TS Z L E2RBL TN,

FITI—ua VBESS~Y AR —T 0 VT, HREEEPA L VEEICED XS I E R 2T
WD T OWTHINTZ, Fig 4 (38EEhZ L2205 OEEE (Ry), ftlhz B b, Eik, Bk
BICH > T D, —FEOASRFIOVTHEEICET 2R TH S, FiTItmEREE, FRitr 77—
HE, BRILdz D 1IR DL E, EHRITdz D3R DE X, #RITdz BE5RDETHD. HEA
HFONRFOVTERICET AR T, BOGIELEO I NVEFRETH S, FoSF W EREICE
TOMERT, FREIA A A7 e be VBAERTHL. EOMOBITA A — 2 A MNMEZRFEFE
BEXLTRY, B EEEATONRIXVERETH D, Fig da XEENLED S OREEDEEM
T 5 LW T 58S (Fig 3a), Fig 4b 1ot 5 F ZAEUICEENE— 7 2544 (Fig. 3b)
ZRL TS,

ETOr—RTRBNT, A4 HEIT 4R L NI CiRdLEERER 2 &V ) EHER L o
7. LaL, A AR 4R B SBIEAD, 6Rs TIRdkEIEEHE O 65-90%, 10Rs TiX
50-70% & 72 o7z (Fig-4a k). AFFEMIT4R LV AMITIHIZE AL 0A 7273, ug;@%m
TIX10°-10"A £ 72 o7z (Fig. 4a ). BKENICERLTHND LK E BT EESES
DINEL 72D, FEDTDAF L E I EERERE )5BS, MKABEERIXE 2 dz ITikiFT 5
DTdz WREWIEEAS A VEEDNEL 725, Fig 4a lTBWT, 6Rs Tk (dz =5Ry) 13
# (dz =Rs) DHI80% TH 5. BHICEL TiE, 4Rs £V AMII TITEARIIBIR IV bR EVVE
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Fig. 4. Results of modelings. (a) and (b) are the same as Figure3. (top) Ion velocity profile. Red line is the ideal
co-rotation speed, blue line is a Keplerian speed, orange line is the ion velocities calculated when a thickness
of dust distribution, dz, is Rs, vellow line is ones when dz is 3 Rg, and green line is ones when dz is 5 R
(middle) A total current profile. Orange line is the current calculated when dz is R, yellow line is one when
dz is 3 Rs, and green line is one when dz is 5 Rs. (bottom) Ion-dust collision frequency profile. Red line is
an ion cyclotron frequency, orange line is an ion-dust collision frequency calculated when dz is R, yellow line
is one when dz is 3 Rg, and green line is one when dz is 5 Rs.

ERLTWD, A4 X2 MNEOEEITONTHE, A4y — 52 NMEEFEEDA A3 A 7
v kv VRT3 &N T, E%%Kd4ﬁy’%%%5zﬁm(mg%TL

TR S A RARDITEED Y — 7 Ror — 2 TiE, 4R A% BV TiE Without peak 7 —
ZLERETHD (Fig.db E). LU, ARBEADTEHA A VEEIIFr 77 —HWELRY, ERb
RKAKTI07A & Without peak 77— 2 D X 0 BIRMENIEF ICKE <Aooz (Fig 4b H). BEX
FBEGPILEEREL L bR D /hE< R, A FVBREREFITNS S Rol,

THHDORERIL, A F IS A NEOESBEVE, BEKE - BB S 2B TH AR L
HERAL, ZoOMENEREREENLEND Z L EZRL TS,

S SO
V. &= i

X DA A VHEEOMER 2 EN &, 2 A MHD FREXZHWeAA A v HEET ) v 7 %
fTote. LPICED T T AT 4 27 FOBIRD 1L, A AL HEEE TR, & 0 PIRC 3t [
@&)%%,ﬂg;@%ﬂ EA A NKRT Y v VRPN IEICED DHEE T, A4V DBE AL
OFRP RN GND T, A A HEIFHGEL - /ML, 7V v 7 nrblidA 4 Vi ETA 4
V= BAMERST AR —T 4 VI Ko THEMREENGENTRY, 4y — ¥R MERH
TERNBEKE TS 7 A H A F I 7 AR TEERERHZR L TnWEZ L E2RLT.

TV T BB BT L0, FRAMNBOES dz BPREVRETH S (Fig. 5 DHHR,
FRAR) . A AV E IR EES O <IKFT D, MREER IMSENOEHRS Y A —T ¢
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WX TERENERT —E VERTHRD LD, BRENDO Y —1 BRI
ST, BHEO YA FTEHENE TS, BRANSBD LT, A4 EERE
FHEREE D HRBNED D, R —B VEROKE ST dz IWEKFEL, dz BREWIEEMKENIC
XY ERITwN, A A VEEEZELED, dz BRKEVEE, TFUELPIC X 28 E —%T 503,
dz B/ E VLB & 1B LAV (Fig 5 KSR, T2 NERRESIE Tld dz 12 3R ML M ET
BD. Fio, dz/hELTH, YA NEERRETNIEREORRE L 25,

Morooka et al. (2011) TiEA A VEEIL, BENERTIZ VI X AFETT 77—
BEGEA S E MBS, BxORbER, A FVEHERARED T 77 —HEL ooz,
TR T HRAELTE, AFVEELIAMNEERT BT HFATY a—bITX > TREW.
DEMEDOTTIE, BE lttfﬁﬁ‘é%‘b’mi f@@ﬁﬁ@i&tﬁ’*‘fﬁ@?‘é. KRl & 2 N BB EE D3 10°
m’EBIDLE, A4 VEELTr T T— <.

Wahlund et al. (2009) TiL, LE2NHEKEICIILEEREHEEMTOEELZFF>T I A~ &7

HWEMEOEEZRO 2HHD T 7 A~ PHFEET D LREL . B 10eV UL EDA A 0%
HANDFEBLEZTLHZ L ERREE T 5. £ eVREDA FUIEIF A N OEELZ T
THEMRHENOED D, LP I3 eVRBEDOA A v 28T 5 Z L3 TE, LEEHE D 50%
BEOAFVHEZBNI L. —F5 T, CAPSIIHE eV OA 4L 28T 25 LA TE, L[E
IR D 50— 80% DA A v E A HA L 7z (Wilson et al,, 2008, 2009; Thomsen et al., 2010).
TS OFEFIE Wahlund et al. (2009) 2MBRZEL72 X 51, HENTBRSEICIX 2 FEEHOHEE S
=V BFOAFUREFEL TS L EREL TND.

HAHEBERMEIL Z N E TICbER S TE 2 MHill, 1979; Saur et al, 2004). i 50ET
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Fig. 5. Comparisons between the modelings and the RPWS/LP observations. (a) and (b) are the same as Figure
3 and 4. Ton velocities are superposed on the LP observations. Black dots are observation points, red line is
the ideal co-rotation speed, blue line is a Keplerian speed, orange line is the ion velocities calculated when a
thickness of dust distribution, dz, is Rs, yellow line is ones when dz is 3 Rg, and green line is ones when dz
is 5 Rs.
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IV CUEE IR AE (2 RF IS NI KB O SMII CTREED H D & ST E 72, Saur et al. (2004) 133

B O E Bk & KBS EE SR KB OSMAl (>12Ry) THEMREEICRE L 5 2 T
LEFRELTWD, Fi, #HI1E5R £ WITIEA A T EERHE 2R > TWDd &bl
TS, FxOEEL 4R XV NI CIIdLEEREHEE 2R L TR Y, Saur et al. (2004) DOFEFIC
—H LT3,

TREOKENE BE#MOTHMENTH 2 ICHADL LT, LEMKE Y7 X~ 0 iRlcfE o &
BB SN TNDS, ZOEPRTRBE Y V7L T X=F 4 27 FNEELESE, £2
& T IR BHAEERT DS LARAWEEZEAL L TW L RRERDH L. ZoZ &, A
USRS DEFENT A Z—ITRESFNEKFEL TS 2L 2R L TWD,

V. ¥ & &

LP 57— &b A A i EOMEIRT 21T o T2, (R R VX — DA F i 1T 1 2 N
R THEHREE D 50-60% 2RO L ZHLNIC LT, ZOBREHET Ledic, 14,
ZA D 2% MHD FERNO A A VEEZFRE L. TORR, A 4 BT8R & [k

HEEREE P DN, A A VL, A4V - F R MERICL > TEL 2MKBEESR ICE->T

HEERHRE N DL 72D,

F2A N =TT XA IIRKE - EREERE A 2 L TEL S, BORITh- BRI LA
EBHEE O X A FEBHEZTHL TS, E, FANEOEIPREVE, EEFLR NEOE
IPNSLKTHH R NEERKETNEY AN - T 7 A< HAEERPEEICRD.
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