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Ion upflow observed in the polar ionosphere
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TIon upflow has been investigated by use of ESR (EISCAT Svalbard Radar), SuperDARN,
ACE satellite and CHAMP satellite. The field-aligned ion upflows were observed by ESR,
which occurred in night-time between 16 and 17, April 2002, and 19 June 2004. However,
ESR didn’t show remarkable increase of electron density, electron temperature and ion
temperature, which are generated by auroral particle precipitation or frictional heating.
The Solar wind parameters were obtained by ACE satellite. SuperDARN showed variation
of convection electric field depending on By component of Interplanetary Magnetic Field.
CHAMP satellite observed also variations of neutral density, neutral wind, ion density and
electron temperature along the satellite orbits. At the time, ESR was in the polar cap region.
Our analyses may suggest that the ion upflow observed by ESR was generated in the upwind
region of plasma convection in the high-latitude ionosphere and was moving to ESR station
by the convection.

I.IZ L & IC

Rl B T, BHEE D SHREA~D T I X~ DOMHEMEE TWE, R—F—7 ¢ R
= AR EOBEFET ENBHI SN TEY (Abe et al., 1996; Sharp et al., 1997, Wahlund et
al.,, 1992; Foster et al., 1988), MiERBIHIEHE (B 1lkm/s) ZHx D &k 9724 A il (ion
outflow) |IfXE YT X~ DEELRMGIHO—>TH S (Andre et al,, 2004). F7=, EHEE S
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BETA—1 FIZ L DMESL Y 2 — VMBI 5 3 10m/s~%L 100m/s DFEE % & DA 4 LS

(ion upflow) 23 I TEY (Ogawa et al., 2000 ; Liu et al., 2001 ; Liu et al., 2004),
VIO Y =R L LTEELEZ X 6T S (Semeter et al., 2003).

BHEE X7 T XA~ EHPERROW ST BEIE L TV DD, FHXIH RS ZERE U 5 & EiZEIC
2 EEEMEANR A EN D (Davies et al., 1997).

TRl EEBERE AL, 2 DR T o REEREE 7T X~ OxiiEo Z & ThDH. K
JE\ & HUERIES D3 pefib 9~ 2 BN O RGBS C,  KBSFEORE 18R & HIER ORI A& L 7o)
RS EREE O A M2 CTREEI Y, S SISl & Z RIS it TR~ E RS, Zoxt
THRRIIFRERT vy LOE L E LS, BRIOBARERT Vv b, SAOBAPMERT
YN TG, TTARITES ERGICEER A (EXB)/B2 K7 b ad 570
FEBEPE R & RSO 2 #iV T D (Cowley, 1982).

A F v BRI E ESGEREE I IS OW T, b —RRA, BT OHRIC L DL AR
HFFRIEFEMICAT v T, REFE T, BN IE T HGEL(EISCAT) A /N — L3 L L— & —
(ESR), SuperDARN L —#%—, ACE #&, CHAMP 207 — ¥ & ¢, WikEHE TR 5
DA T b5 & BB E. REBE, &SI PERR E O AR ZFHAE L, ik -
REAT Tz, A d Y BRI S TOCRHFIC ESR TRHlShI-EFHE - B, 4l
BRI AL BN T — HIER L, A A EARBEDKRKEZELR L.

I8 A #% &

ESR (EISCAT Svalbard Radar) 1%, AN— A LB 7 A ¥ —t—x o (Mg
78.2° |, Ji% 15.8° , HUBRSUBEFRALAE 747, FKE 129.1° ) IZAZ[E L, M 100km 725 800km
FT (BREE EJE, FREICHY) o, BWEOMFMOETEE, ETRE, 3 URE, (4
HEAZHH LT\ 5 (Buchert et al., 1999). FETHEHELL —&—1F, EZEICmT CHE L2E
B D 5> HEBE T OEFIZ L o THELS I HETHBELE 2 ZE L, TOXE AT FLind
YR EEZENHL TV (Hapgood and Lanchester, 1987).

SuperDARN (3, M\ 2 Flfi S A7z T BELELRR L — & —IC L 0 BAURE 607 LI Ok F
BT T XA~ EEEEZ B LT 25 (Greenwald et al., 1985). Hiffi Sni-fi L —4 —Fh
FNDD/ONDEMT DT T A~ tfidEE AT 5 2 L1 2RITED T T A= 5t
BEAEHNLTWD (Greenwald et al., 1985). F/mEH I N7 T X<k n, MWkoOHER
TV N AHEHTE S (Ruohoniemi and Baker, 1998) .

ACE #7213 L1 Lagrangian Point (M1EK2>5%9 150 7 km, KB 54 1 {& 4850 J7 km T
FORIETEIMIZIEHEL TWD) @ L, KREBROMEGCHEER LB L TWnD

(Garrard et al., 1998).

CHAMP 2138 400km TR 90 23 7 1F CHIER A — & T~ A Ml E#A 2 THh 5. 24E - EHEE
DOHRPERTEE, BB L CERERS O PERGEE 280 L T2 (Liu et al., 2005).



Mk FE PR EEIC 1T B A A RO B 15

ID. £R;814511:16-17, Apr ‘02

2002 4F 04 A 16 H 21:00UT 5 17 H 02:30UT BEIZ/ T TIRBESIR T DA A > EFFH R
ESRIC & » CTHIMl S n7=. Fig. 1@I%, BRI FMOOE-HEE, GDEFRE, G142 iR
, (WA A VHEEORE - FERIZBI 28 LT 5. Htlilid & T 100km » 5 800km, Al
16 H 17:00UT »*5 17 H 07:00UT £ T 14 Bz & LT\ 5. BHlHE (v /(Y —t—
T) ORZNE, BERHAFRE (MLT) THFT D&, MLT=UT+2:45(2 Rl 45 53) Th 5. Bl
ENnizA A v EREE, GWOO—@IRT EIICKEL 3220 bhd. (UEER 150km £
AN ERBEBEZVIED TWD. 24 A4 v LR E RSB T 5 A 4 R EGD & B
200-500km {2727 THJ 500K L5 L T\ 5. (3)dE R G IEO & @ DRI & £ 300km LA
THIB00K EHLTW5. Lo LETEEOIIIBEERZMIRA SN2, £z, BHRESA
FARFENE, ERVESFAE L TR WIS EAERAEREFRE S L IXENLL LT
W5, ZZT, 728 Fig. 1 OFf#ZE L CERE - BE, 14 U REICITRHICHEERZBN
Ronenicb b3, OO@DRFMHZT A A4 EREAE X TWonniEsE b,
Fig. 1(b)ix, ACE 21 L - THEl SN/ KGR ORY; & dE % GSM (geocentric solar
magnetic) ZTRLTWD. GSM &%, x BHASHIERD .0 & K% A T2 ERR TR 2N IE
ThY, ylliIHERO PR T-BEE O & x Bl TmERERTY FHRANETSHDH. 2t xihe y
HZEERTTH O, OF D PBRIGOH & [F CEFZTH 5. Fig. 10)1E 5 OB x By,
Gy %4y, Gidz %4y, (Gv)Cone Angle, (v)Clock Angle, (VDD K& &, (viD) KR OHEE,
(vii)ACE #2238 L 72 FEFI(UT) &1 (GSM ) &R LT 5. ACE #E DN E(223.5Re,
28.5Re, 10Re)&izliﬁﬂ@ # ¥ (-345km/s, =5km/s, *=5km/s) & ¥, ACE 2 TR S 7 K5
JEL 7S M ER T K BBl (~ 10R)IC RIS 5 &£ THI 60 0055 DT, Fig. 1(b)iZ Fig. 1(a)iz%f LT 60 4
THLTWD. KIGEBSD Byﬁiz A28 16 H 19:33UT I8, ZNE TATH =N KE B
L TWD., 2Dk, ELADERHEREE 16 H 23:30UT LIEHFURADER Ve, —F
Bz 4rGid)iE 17 B 01:15UT £ TIREADOHE (H1n&) v Cuve. 72721 16 A 21:50UT B
& 22:35UT EHICE R ITIEK 72> T 5. ESR 22T A A EFFHERREA LTV 5 K% & ACE fi
BOTF—Z &L THhD L, By RONPEICEL LIRS 1R HOA 4 ER§R (Fig. 1(a)
FoO) PEZMHOTRICHA XS, LALERL, TOHO EFHEOLON By iy 0EH s
IR TIZHRHE LTS L3 F 278, F£72 Bz O OEE & A A4 v ERGE ORIZH BUOXIGE
RIZR B0,
Fig. 2 13 [FZI D SuperDARN (12 L A EBHEEXHE CTH D, 7T Avxtiii D L HER T v
FOLDIAAREIN TS, 16 B 20:50UT EA D 17 B 00:20UT (25> TRk SRR kg o —
OOFLOMENEEZHBVIE L TNWD 2 ERSND. i, HEMZERRY IMF) By, Bz
%53 D IEA D ZAIT A - T filsk B B E i O Tk 0 22 4b (Heehs, 1984) & LK< —EHLTW5.
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(@) ESR DATA From 17:00UT 16, Apr 2002 to 07:00UT 17, Apr 2002
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Fig. 1. (a) ESR observations of topside ionospheric (i)electron density, (ii)electron temperature, (iii)ion
temperature and (iv)field-aligned velocity (positive outward) for 16 and 17 April 2002. @, @ and @
indicate the time when ion upflow were observed. Arrows indicate the time when CHAMP satellite
was in the polar region.

(b) ACE satellite observations of Solar wind magnetic field ()x, (ii)y, (iii)z component, (iv)Cone
angle, (v)Clock angle, (vi)total strength, (vii)velocity and (viii)observation time (UT) and the position
of ACE satellite. (Data are shifted 60min. The red line is the time of remarkable By variation, green
is Bz, and black is both of By and Bz.)
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Fig. 2. The ionospheric plasma convection and the potential observed by SuperDARN. The plasma

velocity vectors and the electrostatic potential contours between 60 and 90 latitude are described on

the geomagnetic coordinates. The red circle represents the ESR radar location. UT time and By and

Bz components of IMF are given on each map.
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(a) 19:00UT (By<0, Bz<0)

(b) 20:30UT (By—0, Bz<0)

velocity
1000m/s

Log(Dn/ms)
4567 8 91011121314151617

Fig. 3. CHAMP satellite observations of neutral density and the cross-track wind velocity. The coordinate

of this map is geographic, but the center is magnetic pole (79.8N, 71.8W). The satellite altitude is

approximately 400km. The top is dayside and the horizontal line is the terminator. The red circle
represents the ESR radar location.
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Fig. 2 D(@(@®OIZ IMF X T By<0 DL X, (o) 1L By>0DE & ThHS. K@D,
HERT Y VO Zo0FNL0 ) BLEMORWHFIEAYAN, SO EAFEIRICHS. % RS &
(@) (@)D AR TEM DR TT 234 D BB ~, F\ IS5 B~ & BB LT D878
ShnD. Eiz, (D Bz oA E ISRV O TmITEMER R EZ LT 5 (Cowley, 1982).

Fig. 3 13 CHAMP #2238 L7 & B 400km OFPERKEE &, BB L CEREAKERSY
DR TH 5. £7=, SuperDARN 2> 515 5 = EREE R OER T v Vb T D
ZORNG, FHEROBENT T AvROME ELS LTI ERXGND. Fiz, 1FE
A EDWRBEIZEWT, S OIMUTHE Y L0 sV RKRBELBAIL T\ 5

V. #:B1512:19, Jun ‘04

2004 - 04 A 19 A 00:00UT %% 23:00UT (2o TRk MDA 4 v BB EF 9 [
ESR 12 & » THHE &N 7-. Fig. 4(a) X 19 H 00:00UT 75 24:00UT 2/ TOOE T, (i)
BRE, QDA A RE, (A 4V EEORFMARZ R L TWD. BFIREE A 4 IREOHE
Mz A4 ERFE (Fig. 4@T 0 A-D) &, BEMNZEDROA A ERFE (Fig. 4@
DO-®) B"dd. A4y EFHEQA-OBHEAL TWDHEE, BHRE S A A EEELEE
200-500km T#J 500K EFLCW5. F7z, A ARENEZFIZEEHL THH01E, A)-D)o
B #7217 Td 5. ESR OBAMEE & MLT 205, (ABN(CIEA A 7L TOBMIT, Zhlish

EICfas b L < M4 — S o mEEMCoOBHITH 5.

Fig. 4(b)? ACE 212 L 5 KEBA T — 4 % %4 5. ACE fir 2 D& (240Re, -25Re,10Re) & K15
JEGH E (— 450km/s, *10km/s, *=10km/s) L Y, ACE fif 2 T8I & 7z KGR A Hh Bk < 8
(~10Re)IZEET 2 £ TH 60 5005 D T, Fig. 40)iT Fig. 4@ICK LT 05T H LTS,
KBS ERL 0 (1) By 01E 00:25UT LIERIE & A EIEEOETH 5. (iD)Bz AT IE & ADIENA A
IV TS, Bz PADE XL ATV LHBEBAEOKRLANERL O H D (Fig. 4@+ 0
BOEDIED). LnLRnb, &TOA F v EFIE Bz A L LTV Db TR,

Fig. 5 @ SuperDARN (T & 5 IR EHEE X ikiL, Bz B IED & EITIE 220 F L a2 FFoxf
RSN D LN DS, By BOWNITEL A CTEDMEZHR > TWHDT, &L L TR DOAEL
KELSE LT,

Fig. 6 ® CHAMP # 22 L » CTEl S /- RO T — 2 1%, B 1 054 & Rtk b
FOMENT T AvOxtifie L —HLTW5. £, KKEE bXHROIMUTREPE L 0 @y E
ZERL TS
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(vi)

(vii)

(viii)
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(a) ESR DATA From 00:00UT 19, Jun 2004 to 24:00UT 19, Jun 2004
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L lmoo
= 1T | l : 0
(iii) Huﬂ ]l } H T \‘I ‘H‘ m I | |\l\ N i ] ] IZOOO
IH : -
4o||| l!ll Il' “ N ] I1ooo;
1 lo
lll-' ‘-I ﬂ[(.' (2 -
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! 1 I - ~
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00:00 [0200 0400 0&ab [0edo [1odo| | 1240 “obf;oo' 1800 2%00 '2200' 2400 200
(um
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g g T A, L E
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B S 1 c
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0 . 8
o o \ JEUM_WJ\ i =
. . =
[0} 8 ®
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;1 g V\M M 8 é:: g
153 FE i R Yl — .
0 ™ N de%wm o U\W N W‘é %J’g
1825
150 .. N J° <=
8 B _;
. E_ MWHWV\"N A “W/M g
e EL
U e o I S h S S —«:;:_:\;7-;,;:,;:;: @
-200F w— 1E&
B T TR 0 e s L B e Veooo 4=
-6%00200 00:00 04:00 08:00 12:00 16:00 20:00 24:00(UT)
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z(GSM) 8.26 17.41

Fig. 4. (a) same as Fig. 1(a), (b) same as Fig. 1(b).
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Fig. 5. Same as Fig. 2.
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(a) 04:20UT (By>0, Bz>0) (b) 07:30UT (By>0, Bz<0)

(c) 10:30UT (By>0, Bz<0)

(e) 15:10UT (By—0, Bz<0)

velocity

1000m/s

Fig. 6. Same as Fig. 3.
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V. =

BB 1123V C, Fig. a0 OQ@ DRI R SN EBEE F g0 4 U RED LH (1
500K) i%, Fig. 1(b) DR MZEMIE By By NANGIEILEbo-Ri4%l, 2% Y Fig. 2 OEH
P& DG DAL LIRS TG EIZIERIFFIZAEE > TWD T D, A A RENEEM L7281
HO—2%, BHEESHTEOZIIZ > TA A2 & FHERROMICHEZENE L, BEEANE -
hlEZLND.

INETA Ay ERROM LT EISCAT L — & —ick v &< Ran Ty (Flxid
Keating et al., 1990), Wahlund et al. (1992)i% 1989 4£ & 1990 41217 - 7= EISCAT L — & —#]
B BESNTREENS, A4 ERFHSEZ 2 X5 LZ. 1 DRBERICRE 2 OB
DHERL, BENAZ L > TA A VRENRESRDBDOTHD. SEFANCA 4 AREO AR
Wb D ERERINIENARMPEL, A FRETE EHIES. 2 0BITETFORVIARIZL
THALDAF Y ERETHSD. BT OBV IAIIZ L > THEER 200-300km OFE 1755 L IR
HWRL, MRNCETOENAENPECETN EFT5H. ILICHEBHEELE ML T4 E
A3, B2 DA A EE (Fig. 4@FD0G6v) 2R THD &, ElEE F BT 4 IREN
258 LT 2 OB 21K & 18 L CTA)-D)DREHIC A B 55K 500K O EF-DOATHS.
g, (A)-DO)ORFFHICANTC, MIHICRERR D OEL SR L, TUICE D FERRE A
Fr EORICEBRIMBNRE 2120 E2 N5, &L, ThICL > TEEHFMIZA 4 OE
NAENPRTE, A)-D)DAF > EFRPEETZEBZXDHZ EBHKD.

Lin L s, B 1 ik, 2FR%E L CETEE, BHRE, 4 REICHERZNR
N H b BT OQODREMEIZTA Ay EFmAERE TS, iz, Bl 20144 1
FHHEA)-DNLRIFICA A AREOEMEE > TWDE R, O-OD 1 4 LHRITETHE, &1
TREE, A A REECTE R LR EN, T DA A BRI, BUE 1 oO-@R@iE 2 »D
-@i, BHEEEL O KRS LITA—m TR TOBEV AR L >Ta— B WAL SO TIE
TRWHREMER S D . D FE D, BIOME CHA LicA 4 BRI BRER SR OTRAICH - T, ESR
FZemml LA L H D, T X~ OB I B R TS Ko T iﬂéfﬁu% %, A—
FT—=NyFNbdH. R—F—s3vF (polar patch) & 1%, MRIBEBEE I L > CERERE F @&
FERN % SORBE T 1A RE S LD BEDEWT 7 A~ Th 5 (Rodger et al., 1994) . &M DA —
0IEIGELTER—TF =y FiIA—n T 7 a7 (auroral blob) &IEEh, XHAIZTE-> TR
I~ TIT< (Ogawa et al., 1998).

CHAMP #7213, 13L& A EDOWEIZIEW THIERSEEDOIRWEFT 28 L TW\5 (Fig. 3 &
Fig. 6). Z L CEHIZZDOFEFTIEW2 b EHEIHEOIMITEH D, 2 ZTIERRE T T X~ Offf
TNLL D Linh, BENMAIZL VA S RERELS 8D I ENTRIN, A4 ERER
EXRLTWVWRRETOHLIARENRS D, IBIZT T AN, TO0A 4 EREDEE WD
TRAZHEELT AL BB OND. ZOERA D= AALZL>T ESR EZETA 4 BRI
BERESnEBEZTND
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A F v ERBPBE UTALE DR E T T WD, Bl 2 38HE 1 DA A7 MFiT
FBAELTHRMO ESR THR LI EIELT, A4y ERWBENLBHIE CORMAFHE LT
HD. RFROBE 2K 1000m/s & LTHAY (KHEE 75° ) 76 ESR (MAHE 75° ) £ T
EAROMHE AN TE - &3 0uE, BT 2 2 Rex(30° /360° )~3349km 725D T, 4 4 |k
A EN GBI E T, BEZ 1M &5, £ L TEOM EFMITHE L TWh iz b2
V. A BRI ORI A XY MEIZER 2 7203, Bl AR OBLRIE 1 @D A v L&
FIXAEER 300km-1000km (22> CEEER 150m/s O LRGN 1 RERIfKE LT\ 5. £/,
Waulund et al. (1992) CEim SN TWDHA Xy b a2 RS L, EER 500km Ll ETH 500m/s DA
F v BRI 10 RO TR 7 — A0, K 1EFRPEHES S — 2 b@ls T s, Ll
WoA Ay FRFEOM, WICBEFEE - BED LUIA T VRED EARR SN, Lol &
INZINDHDAF v FRFTIZESEA S L ITEFOBRV AR L > TRAEL TS, 2FD,
WA Ay ERFRAR BB L TV D . AR Cilim L2815 1 oO-@<8LE 2 oO-
DA F v BRI TIXFRFCE THE - RECA AV REOEBMNBI SN2 o 20T, kS
NTEEEZDEERBEBIERZIT Y —RATBEICEL 225> TWWZIZTTH .

HiEE  AREFRICEBW T, ACE O KBSET —#, SuperDARN O fiis B HEE 6 i 07— # 2 FH
ERTWEEEELE. LU LET
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