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NO.17

Simulation of transient topside layer in the Martian ionosphere

A transient topsider layer (also named M3 layer, at ~160-~220 km) could be
measured frequently above the M2 layer in the Martian ionosphere. Statistical
characteristics of the M3 layer shows that it is not radiated by the solar. Many
candidate mechanisms are suggested to explain the formation of the M3 layer.
However, how to produce the M3 layer is still one of many open scientific questions
about the Martian ionosphere. This study used a one-dimensional model including
photochemical production, loss and dynamic transport processes to simulate the
transient topside layer in the Martian ionosphere. The M3 layer could be reproduced
by the perturbed vertical drift of plasma in this study. The enhancement of electron
temperature induced by dynamic process of plasma could facilitate the formation of
the M3 layer. Results show that vertical transport process of plasma might be more

crucial in producing the M3 layer in the topside Martian ionosphere.

NO.18

ENA imaging simulation of the distant planetary magnetosphere and

the discussion of ENA emission cone of the solar wind

Li Lu" %3, Qing-long Yu! 23, Shuai Jia"- >3, Yuan Chang*, Zhong Xie!>3, Jian Lan'>3

1.Laboratory of Space Environment Exploration,National Space Science Center of the Chinese
Academy of Sciences,Beijing 100190,China

2.Beijing Key Laboratory of Space Environment Exploration,Beijing 100190,China

3.Key Laboratory of Science and Technology on Space Environment Situational
Awareness,CAS,Beijing 101499,China

4.Shanghai Institute of Satellite Engineering, Shanghai 200240, China

Whether the "ENA ribbon" image scanned remotely by IBEX-Hi at the lunar
Resonance orbit really come from the heliopause that involves assessing the scale of

solar wind particle energy loss throughout the solar system. The ENA imaging
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simulation results at the Earth orbit show that the scale of the planetary
magnetosphere with a telemetry distance of AU magnitude is too small to contribute
to the IBEX-Hi ribbon. But the simulated effective ENA differential fluxes provide a
reference for the physical scale evaluation of the huge magnetic structure in the
heliopause. The ENA differential flux of "ENA emission cone" generated by the
charge exchange between solar wind ion flow and local neutral gas near Earth orbit is
also comparable to the measured peak of the IBEX-Hi ribbon, which may be the main
ENA emission source of the ribbon measured peak. 2D ENA imaging measurements
at Lagrange points proposed here can be used to investigate the ENA ribbon
origination by using the energy spectral lag vs disparity of ENA images.

Key words Energetic Neutral Atom (ENA), telemetry image, Solar wind,

Magnetosphere, Interplanetary Magnetic Field (IMF), heliosphere, heliopause, Planet
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Three-dimensional particle-in-cell simulation of the solar wind

interaction with asteroid 2016 HO3
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Abstract: The recently discovered asteroid 2016 HO;3 is the most stable
quasi-satellite of our Earth. Several missions to 2016 HO3z have been proposed,
including the Tianwen-2 mission of China. Here we study the solar wind interaction
with 2016 HO; with three-dimensional particle-in-cell simulations. It is found that the
sunlit surface can be positively charged to +10 V, and the shadowed surface is
negatively charged to -40 V, with a maximum electric field of about 10 V/m near the
terminator. There is a plasma wake behind 2016 HOs3, in which the ion density can be
reduced by half even at 150 m downstream from 2016 HOs3. The plasma wake is
confined by a Mach cone with a typical cone angle of about 6.5°, which is generally
larger than the cone angle predicted by the self-similar plasma expansion theory. In
addition, we find that both the surface charging and the wake structure can vary with
different solar wind parameters. These results are helpful to understand the plasma
and the electric field environment of 2016 HO3, and have the general implications in
studying the solar wind interaction with other airless small-bodies.

Keywords: 2016 HO3, Solar wind interaction, Asteroid, PIC simulation
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W5
R BHOREBE R — i 24 K PR R I 30, SLSEITE 8 5 ) BSR4

WA A0 g N et SR S R BAE A A Y o R B R RE A A D9 A8 A P T e P B SR AR T
R, FTELE TR BB R ) S8 IR ARFAIE 28 K 22 M Bl X R 2 I 080 e B . K
BH I 20 DX R 0 3 LI JR3 FRAEDE R 5 110 A FEDRE LA R AE R = 07 B BH K
e HME AN SR AL 1 ORBH R 2 JZ ORI o AT FER PR S5 5 2
IRFIE B 3h 52 2 BE 77, WE 3 DX SR A WL a3 UK BB R () SE IR RF I, IF
ST R B REBE TR AR A o AT IS SRR, S A Bl XA 5 oh 2 i BOAE R
PEPRE AT | RAFRIPERE (B2 AUC fHAEE ] 0.9 PAED.

NO.28

FETF Ensemble-Unet BRI F)4FR Nino3.4 55 ik

ARG
JE/RJEHi-FA )7 %55 (ENSO) ILG 2R Ffin. & ERSIRE S .
LA ERAB TN F=2 98 #R i I A . AERHEIR ENSO LM E
FHEAR, Nino3.4 FR80] thife- ViR 2% (SSTA) tHEAGH . Kk, #RYE SSTA
B T AR — BB (8] Y 1 Nino3.4 $840H % 2 8 . A SFIA SSTA TERT
A B EAR A S, ACAEBRME MY (CNND AL SR |, 2 Hr 4
JIERE i, SR R AR H IR 45 & 2% 1R R 77 (SANet)  JB & {4 & 77 (SENet)
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ANEE R ) 1 AR 7. Ensemble-Unet A8, {873 155 70 B A% 22 A5 H1 1) [ I £
iE Nino3.4 HITHARAGE . K45 REW], Ensemble-Unet BEAY BEA R4 S i1
TR 2 e (SSTA) HIINFTE] . A (B AR Al A, 3k T A2 R e 6 A T4k Nino3.4
fad, FAXARK 20 AN H I Nino3.4 F8HoE o i i) fe

FHIA] . VR 520K JE ¥ ;Nino3.4; Ensemble-Unet

NO.29
— N TR AP R Bk FE e ERFETTIE: AR AR
Yk BE I /1
XIPU4E 123 127 0 123 00 12 BAESE 2 PR 2 B IR 120 X DU 12
LR ERERE FF AR 20 R E R A5 %, JER 100190;

2. E B ARSI R B A9 =E, b5 100190;

3. EFRFEERE RS, JERT 100190

AHI FU SR TP B TR R B v B B . 4>, SHARP S8 2 H TJF
FORETE TR o AH XS AL/ ) 58 It S 3 SO AR AN 48, PRI AR AT RE XS AN
FETEGREUR, JFrTRE R B ZEAEREE IR . EAB S, FRATRA 7RIS
Bk, 7T SHARP SEIF R T AK 48 /NS AR TR 288 ] F AN
ARV HEAT I e 55— RO R AR IO AP B e 88 58 RN 58 =l R aad i
J VAL FH BIRAETTVE AR GG HHE 4 rh AT 1 58 DU R 0] R a6 B 4R 458 I AL
AR HK. BT 5 SHARP SHUH I B BE H L) o0 A etk , AT 1 —
PR AR BEME PR 708, R R TR X3 (R ph e B S5 (R A i fE
W SN 2 BRIV VE 23 AT X380, DASR IR 08 BHEAH O AR R A 5 L8 I/ ) BE LA
H AN T R ERIT SR B IR AR . Bk, AT T 58 FANF Al
Hymse, BE: D RERGXEBRHNEE: 2> Snsa &t A
FRRIVE REREAT 1 EUH, A B R 5 VAR SR B L b B R T A
71, e FL 30155 0.449, ATV SZ) 43%-61%. {EREHEER B B IR
I £ Bk AN LB V7% ) DX BRE 7 3L Sk PR B AN T 48 o, AT A1 5 B AV 3l
X8 A GE—, HurRH 7 A& hiad 3% (Gramian Angular Field) XJZ#Hi
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A HEAT T 5, RIUMAE FAE S5, 7T LA 48 /INE Py R B T fr
it — it E . (HE 0 TR, SEPEREI T, S8 ) TR
B RS BRIV . SHARP HH8  3f b $2 4L 1) 2% B G W A4 L & CCD
(Charge-coupled Device) ALFRAIZERR M #5248 F8 (CEA), (HXI T2 HMAE
HEEITE A FARESR UL, A TEAR, B0 AT 7 Eg sy, A ERefEEk
(R P TR 23 28 I Bt A AP A RBOR o T — 20 AR R RS oy #2558 1 1
BHEIEE, IS H SIS HIIRGS & & BB AW 4 K88, i — P it
RIVIHERG R
KRBT R PHREBE, KPHVESD, JeERBESH, [oRFE, HLass¥2]

NO.30

F TR R S8 K BE R P RE TR ALY

MEE 2
LR AR L AR UEERE AR E, I 100101

2. RS, JERT 100101

K BRI B — el 2R R BB A5 50, FLREMAAE 8 70 B N B TA S ER YT,
IHEA A0 B N et SR SRR BAE A A Y o R B R RE A A 9 A2 A P T B P B SR AR T
AR, FTBLH TR BB R ) S8 IR ARFAIE 28 K 2 W Bl X R 2 I 08 e . R
BF 375 2 DX T 7 £ 8 SO = BRAE DG ER 2 5 1110 A BB BRE i 2B AR DG BR IR BT R B R
e HEMCE ML E R R At 1 ORBH R 2 )2 ORI o AT SO R S5 5 2
WIRFIE B 3l 52 2 BE 77, WA 3 DX A WL it T 3 UK BB R ) SE IR RF I, JF
FESL R BB TR AR A o AU IS SRR, T TR Bl XS oh 2 i BUE
PR IS | RAFHPERE (B8 AUC 1HREIS ] 0.9 LA ED.

S UR] K BH R IR, T R B 25 =)
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NO.31

F TR S 5] K BB PE LR AR R R 45

Sl 12, g
LA ER R SRR G, 2 RTE R E A=, JE5 100190

2. E =R RS, JEET 10049

H 3 T2 B T A i KR R A7 A R AE SR , A SRR R T A e I 42 52 817
SO o DT I GIX RPN, FRAN A EEAE TR A TR R 2 S IR K B R T
AR . RIAR BT 1R R O a1 Tt 8 SRR KR 48 R 17 5
P D PR IEIR o PRI, PRSI KRN SE, I EA 2R ER A
SENEITHELRE N, IXBEAT U EATE N AT R R IRE BRI P2 R . B,
FELE bEE PRI, ARHA L EEX AT IS4 . o, AT = e 1
477 3%, BVRRZETE . BYRCATEAL, 70 o K BHRE D P A ) e 4 k47 1
WHot. WG, R T NG TR 2R S I T e K PR B TR AR A . SR 4
R, B AR HE SR AT LORE I Y11 21 A9 A BH R B SRR 7R s 44 ) S O L s 4
KNI 1.67%, T TR LB S (0
KU IRPEESAS] s RFRBEHR, A S, SR M %

NO.32

H &0 i A8 A3

AEE S

L ERAG E R S R AL, JEE 100190,
2 EEEEBERFAES) S 2 H RS SEK %,  dbat 100190;

3. b B e A RIS 5 34 RN OR A S0 =, B At 100190

H &Y F %t (Coronal Mass Ejections, CMEs) & H b £ 45 o ) 5 % K [
BRIENZ —, ERe SRS 5 A G R R N . Tl CMEs 72 75
S ENEHBR DS ATIT B0k, HARRIIE Lo BREL T8 CMEs #1iE. JHIX
AL EARFRNUR I RSEAE N LT 18 MIBRMER) 276 KIKSIFR . T 1% CME
KRB, TATRE T — P T HEFE VR TN CMEs ZIART [ R, HHEYE
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AL P S2 . X 18 MY B EIE AR5, #E GG A E. £
b, WREGER S5 RIT AR 2 AN T IRARZE 7350 11.78 /NIRFAT 13,75 /)
i, &3] 7 CME Scoreboard LA AMIHE AL (T 117KF,  Aifide ik 1 #ERE S
PRI AAT PEAIAT R o B, E CME SISK IR B S5 S 56 ) 26tk |, 57 7 CME
7T BA B Z AR AR, THRIF A T CME R AR R R 8 Besh, Xt
THEAS CME,  3RAN Mt I S i 08 0 e AR ABARS 77 S2 A, mT DU Je 8220 A A
LB CME (XN 3R i 22 o KR S AIZ B (Bl 9N A CMEs Fiidl |,
Ty A ARSI e — IR A 1 20t I A BR8N A 23 1) R AT
ey
R H A ML BRI

NO.33

F TR % ST 1 H 20 40 S e TR T

Mo LLOT L EN
1. PEBEAGE R E ARG KBTS S AR E A=, EaT 100190

2. EBREAR R HERSITEREAER,  JEET 100049

H %42 5 #15f (Coronal Mass Ejection, CME) & A FH I ZI R KM R 2 —,
WU AR5 8 1A e LA B RERD R TR B IR FE AL 4, BUTRERI R] 5] 53t
Wi, Somaffias g, PREBAT. BE RS BB KL, X HE5
S ROVEE B T BEAT TR, AT SR HCe L 45 i Stk P R HoAT B i S i
FOE H AT UYL £ CME 72 SE {811 H %8 1 RIS a4 vk, AT 00 5
BTEIBER (PG (8] . AR FUEE BRI LM% (CNN) JREE 23S CME
BRI (8] AKX LASCO H S SO I GRS AL, 2232 RENS TN CME VB 18] (1)
B, FEWTFT 1 AN R S HO S 45 R AR . AR AU T BB BN CNN T3
AR IR b, 3E— DI CME IR Y EAE B AR, RIS
/N TR R 7 o

REE: H @IS ORI ) R 45

NO.34
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TR I = K P XU B AR

INETH, BWIRE*, RER, WIEE
FREERY: BHe SR, KA 300350

M Z KBHRSEG T BRI 2 51 R W RER IS, Wi s Hh Bk |- 1) Ja
W 22 A, X AT AR P2 AR 7 AR e o T TR B 2 = TR R BH XU
JEE T 77 ¥ A0 T ) 3 AN 5] ) D 8% 5 A DASR IR B RO R AIE R B i PR RE o R T, K
BH K HE Hh 28575 2 VF 2 N EENLR, 0 H B3 51 RS ARG L AR K BH XURT R 1 2647)
I 5B EDE R RH X, BT AR R, BT A E M. 20 s s i
FRATT R IR AR AN [F) R (4005 BE T AN ), FRATH1 N 43 28 S0 His v (1 A
AT, FFEAT AT . SR, A SRAR S AN IR, KA R A X TR
AT RNE T, 3 RSCE R R ZE . N T R A ], AR T MRS 3[R
H (PPGR). FAIIFE PPGR W5 AN T HEMAE (TCP) BRI, A
PSR, FRATTAE A BH JRTEE FEE o000 1) 750 =7 23R Oy R AN [ X 5] ) [l VA TR A 55
S B AME T Re R TR, SRS A R AR AR R T, B PPGR
K3 TG Z B T735 A% Gt i R BH XIS PO A% £ g 31 B8 f] B K T4 5% 1R
A FRE ) 23 AR S5 AN XA [BAE 55 o HEAE, IX AT 55 1 1) e e — (AR
28, SRAGEE S H bR BB CLP i BRRER SAT SR I T 5 (s . S &5
R, AR LA PPGR HENE AT AR i AR BH XU T %, 76 DR R A AR Tt
PEREAN N ERIIEOL R, RIS H2 o o oK B XURTRS 8 B AR TP e . SR
DX BH WG R, MR, A o 2R

NO.35

FETARAE B8 B 22 23 X BH KR BE-A- Tl
KRUET Y, PNELL Y, WISEERT
LREERS: FaeGTHE225, KE 300350
B R R 2 1 m R R G FR T S IR, 2518 KA NS5 i sk
ek, R B A (A R AR NS E KB . B BT CAA B 7 k152
7 e AR R TR VE R M, T 2B BB X 2011-2016 4E 35 E i 2 i K JF (NASA)D
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FEHMRARIE 1 50 (L1 SKEER OMNI BHEdt AT 0 tr, A EHE R I ™ &
AT o0 A e R FH-P BRI AP 2R 0 S R XGEE. (v < 500km/s) 8%, K
BRI B8 R I 77 A2 PR ik R B X, (v > 500km/s) IS L] 8, AA
RSN ERE (heavy-tailed) RFfik. ANV RS 73 A AR B 5 S AR ARG A X
T TR B RURFALE AT AR A, 30E 170 A RE A5 21 N R P O B XU DA 00 45

BEXHX LGN T “UREATETRIE (DIRD” AL L1 gl AR B XU
BEAT T o A2 AR R B SR A BRI X H R AT A Rl i, il MRS
At X S A TR B KB RS R . A€ SRR, SEL 7 X
REMFIIGE— BRI TN, $RAF PISAG DL (8] (P AT SRR e, A3 T =
T A IO DTS P T E Aff

54 RHEME, =DV RER - U7 RRZE (RMSED, T EIZE%} % 2 (MAE)
AFR R (CC) HIRAG 7B I TERE,  JUH R T A RH WG EE 14 39000 17
RESRAT T BN IR TT

R AHBE, IREACTHET R AR X R T

NO.36

T AR AR 2 T B R B R S T B IR B R SR AT

PREGL | 4088 1 2 Rt 3, 2R3
1. R EERER E A EREE G, JERT 100090;
2. EFRFERERE:, JERT 100049

3. fgrpflloks: Ha 430070

5 LB R PR A R R S5 8 AR AN 20 454 AR HL B SR IR R R
A AFRBIE, LRI T, 8% RN EE T N R, AROveE
BRI, RTSEE TSR, Frld5E RS 2R R, dadt
177 20T . — BNy, ERFES Y F R BORIE S & T4
(EPB)s& H1 55 8 1A o (A B Al -2 e AN e e PR SRS o (HOR T35 1 1R b1 AL
CAR gy At R BARPE RINLER, IR 15 258 e IR o

ASCE R T Ao RS TR k. iR ROCSAT-1 1)
Hym, X 1999-2004 4 155 B TR EEHT TG TT, IR S Z AT AT
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BEATXSEL, S5 RARH, RO R (R S 1A L [R) L 2747 S RRAE 5 LAAT I
Wit —5.

N T PR R EE B TR AN AL 2 8 22 TR AR O, BAME R 1 e/ xt
e 4 306 £ 527 (LASSO) R RS i AT I AL (SpAM) K 73 i 45 B8 TR 5 2 AN SR 2
[FIFIC R SRR, S8 TR A I i SE R G T8 B RS I3G I, IR T
RIERAL I A A, R IR 555 B TR R AEA 5, XATRES &S Tk
B BT R pGE EE AR A . AN, BT NO+HAT R 55 & TR
AIAEMRR, Ral e 5 R PRGN R SR K.

KU A TN, ATRREENLESR A ) EEES

NO.37

A LSTM S EAERIEAT 7= i B3 B 2 i T

TR 2 2, TR S, RS 12
1.F B K2 WRESEARE, M8 330031
2.7 B R HEEESEARM IR, S 330031;

3PEARE FERAE TSR R R R U G, JERT 100081

Qo] 76 1 5 SR HE R OO A2 B B % T — B R — T B H R A BRI
) 1 o S E R R IR FE 2 S BRI KA 12 (long short-term memory, LSTM)
P 2% 5 6 B ) SRR ST T — N B H AR TN, O 1 AU 36 LR A Y
eI 52k, (A GOCE EEHUREH TIIZk, 1fi SWARM-C 2 ¥dEH T
M. SCFFIF F10.7, Kp, Aps, Dst, SZA ZLZMANEMHSH SN FE LS
BOE WA BT B TN . 45 R B, BT LSTM )48 i 5% = 15 A

(LSTM-based ensemble learning model, LELM) {EAS[A] HIHLREE S /K-F K BAH

RIFHIE L. 1E 2014-2020 FH 75 IRAS R0 tE Z A rf,  LELM H T30
HERTE B AR 45088 NRLMSISE-00. g F 13 7 iRi% % (RMSE)
B 50% LA L, BT HPEAR 80% A Fo Forfr, 66 X A5 1 R-T-HIFEAIK 86.0%,
7 W3- I PR 84.8%, 2 KB 5RME S T3 PRI 91.6%.

B NEER R, WiE; LSTM: RS ¥

37



. i St A A AR R N R T & 2023 4¢3
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EHTREMZ BT RIREF I BRR

B 1,2, XSLH* 1,23, BR—3E 1,34, JR2F 1,23
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WE R AR EE X, F2MRSRIIE T S HA, TR E L
AEANAZ AR A5 72 L5 il 43 190 2 0% T . AR PRI O T e 2 e A I
BB I L. 320 BB A RO A R/ ST A5 IR BB R ], Al
AR AR RO L WL B30 v e oo L 2 3 P AR AR A T AN REAR B 1)
L. DA SR A R B A B AR T B, BLHE— D PRI AR R e
Y e SR BEFRATT B o L AR AL B BR AR o R B 22 SIAE DN B SR B Y i AR £k
A BORLERF LR BUM AL & EAIRGRIIRE ST, BRATEE T M2 R HELE,
] CHAMP BdE 9120 g5 1 A2 EETR P o IR AR, I 17 AN [ s R 00 %
JZ25% FER AL T A R o J8 it 5 GRACE T2 MM A 2047 Luik, AL T4 4
KA W 4, BT 22 I 48 AR JEE 2 SRR AL W] (2 RS AT REORAF CHAMP HUIE Ab A2
FERFAERIATER T, [RII ARG (0 F 3R A2 5 88 1 0 2 FEE A B I TR AR A o S I
o N AN [ f 22 T PR B 4R 2, (645 5 22 IR 2 AL AR T LA IX 3 AN [ 443 J5E 1 DX RE RS
23 [ R A A B LI RE o

NO.39

E TP K TID SERRK RS

A

FATE AE LGS 2 31 J7 3570 A 17 88 A T [ DM e 1) 2 O B AR AOULIY
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FF) 2011 4F 10 H 2 2021 4F 12 & 8 o REE 3 =T X 8) (MSTID) 14t
TR AR AL R AR o FRATI A FH 26 AR 22 0 28 RO DU (X I 5 R i 2 X 248 S R T
— AT, LLE SR RIEREL 630nm G EME P 1 MSTID RIJEAFEE. FAl]
M 76 ik ARG RG] T 611 > MSTID F4:, H3RE T L FAITFER: (D
MSTID (4R A% 5 R B ) B 2% U, (2) F 5 RAE SRR /R 2 rig(E
(HFERTAZFE). Mo, HIREE NI KA 28 1 0 5 N 1) Jy 2 i) )
2200-2300, LA ZEFEFT— /MR o (3) 7K PR A B2 1) 47 35 4H 23 71129 160-311km
F198-133m/s; (4) 7F 611 NFHEEH, 589 A MSTID [H P gL, M7l (W
ABTA M £ 20008 2600455 . 15 IR FA K AELEZRACTT [, B9 T MSTID,
HAp K (12 00 FEEAE 4 HE 8 Azl (5) MXTHERSIIFEEH
(%) 57KFAHE R 5 R

NO.40
— ML EER TEC FNESR
EIE

P43k TEC map /& —TUEAT P R IRy 23 3 90 FO) e 8t o A [) 5 F300
MovingMNIST —ZK#h&F 54, TEC map 1 HL B 2 45 M AT 2 (A4 B
EBERS AR, o E SRR 2 B R AT 203 o FE GRS SRR A R AT
FAT B DA S S48 23 R AEAMECATIURL R AL, oK 7 Foil e s 2 o A ARAE BRI
BE O T BRI ZEME, R CABCOARS B R AT T, (H SRR R T R A
RRARLARRRAECR, THERIE SRR K. RSCHSERAEBIERE R T, 75 LL
EFLEAATIBCR I H I, 51N self-attention ConvLSTM(SA-ConvLSTM)#.7¢,
$EFH A ConvLSTM FICHEHUK B B8 (M RFAE I S (AL A RE T, PRAR T B A A
RPE R . BAVESIN 72 R RS AR, W AR AT, PARIER
EACBA AT LU 44K TEC map #EAT TN BERIDL 1 /NRAEAG, B0 i
KKl 12 /hF e BERIZRTE RS, T BUEAR TN K R 1) TEC map. 417
SAILE 2014 £ CRBEITEBIRAE) LA 2016 4 CKBATESNRE) MRS L K Hh i
S A) HEAT RS TN o RS R O, FE G T RAERRAIAAAE . EAHRIK R A .
HOREF IR, AT DU R SR TN . WA AR B, 75 K BH S 20 = AF I Hh
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FHIE], FRNZER R ZART 1LSTECU, I IR 28 %) 2 22~ #3118 J9-0.04 TECU.
TE K B3 B AF (0 M B2~ B IR, TR 4% iR 22K T 1.STECU, I3 IR 48 %6}
W 2P B{E N-0.15 TECU. £ K BH i 2l i 4F 1) d 2% 0 Ta), - Fotill 4 ) o 2K T
4. 5TECU, A (] 4 0 152 22~ 3{E N 0.28 TECU. 75 K FHYE SR A 1 Rk 2 B )
TR R ZLT 2.5TECU, MR 480 R 2239 9 0.13 TECU . 1AL 7E 1
AT BT HONG B, AR 7R TE R 2 7 DX (BTA) AT DB 1) T s L5 4y
BB FR I H B 1098 0 3 2 MY IS S 50 P DA AR RS 2
AR B E T, A BR TEC Tl HEMAAL: SA-ConvLSTM:

NO.41

Plasma-Sheet Bubble Identification Using Muitivariate Time Series

Classification

Xuedong Fengl, Jian Yang'

1.Department of Earth and Space Sciences, Southern University of Science and Technology,
Shenzhen, China.

Correspondence to: Jian Yang (yangj36@sustech.edu.cn)

Xuedong Feng (12131165@mail.sustech.edu.cn)

Plasma-sheet bubbles play a major role in the earthward transport of magnetotail
particles. The most remarkable feature of bubbles is their fast bulk flow velocities,
along with reduced plasma density and pressure accompanied by magnetic field
dipolarization. These bubbles can be identified based on in-situ observations, but
subjective ambiguity necessitates human verification, due to confusion with other
phenomena mostly associated with magnetic reconnection and plasma waves. In this
study, we aim to employ machine learning techniques to detect bubbles automatically
and without prior subject expertise. To identify bubbles, we combine three distinct
techniques: MINImally RandOm Convolutional KErnel Transform (MINIROCKET),
ID convolution neural network (CNN), and Residual Network (ResNet). The
imbalanced training dataset consists of bubble and non-bubble events with a ratio of

1:40 from 2007 to 2020. The results indicate that the accuracy of the all three models
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is approximately 99%, and their precision, recall, and F, score are all above 80% for
both the validation and test datasets. The three methods are combined with the
intersection set as the minimum set of predictions and the union set as the maximum
set. The union set can accurately identify 66.7% of plasma bubbles. The methods
simultaneously reduce the number of false positives significantly. In the prediction of
bubbles in observations made in year 2021 using union set, the bubbles obtained by
the model are comparable to those discovered using traditional criteria and manual
inspections.

Keywords: plasma-sheet bubble, multivariate time series classification, sample

imbalanced, image identification
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HHIK
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45 1329, IncResUnet A 1E Fl-score 434) 79 0.86, Recall #3734 0.81, Precision
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NO.43
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MR G AR AU AE CAE VSRR 10 BB, R PSR R L
FRAG . SEERAG I F EERRAE R, Forh, R R B PRI .« SER I 2K
I = 2500 B\ “ rapid-final-random " 22 27 i [R] IS 15502 He b JG O R HE ) =K AR RS

MWIRZEHERE INT, H T E 7= = M REE 22 1 F 77 i NoSQLt, 4T3 132
FRLS 88 SCREm R R VI SRR EAR R A . SCRET I L 5 <A
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ARIUHE ;

NoSQLt SZH5F% H % P i K Vi Il , &F NoSQLt & TEC tHHEBLIRAL 7K
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(—fA 3 AN M LREIREAE (final), LUEIE 24 B FHEE A2 S80S
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SR TR, R ERIE ARG MR, 2R ISCRRE IR TR E IR,

BRI
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AT N AL “NFERDTE YR, A R0 ok SR 00 5ot b & e, PRAUEN PR e 2
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HE A AW E N H S AN 52 ]

TEC 15, R RiIFHEESH R NEE, hTHMRER, oA 4%
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A AT AR AL, o 38 SUE FRIE T I BUE R B FY-3B 1 HL 735 il & 5 T VAP-A
LT Il B AEMREFERY, FRATTIEE XY FY-3B A1 VAP-A HIEEF35 PSD K]
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MR R EE . EARME T, BATRA 2012 2 2014 Fr H AL} 2 67 FAL RS
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R BB AR . B LR . & TTIEE S SLIC J5iEnt EG AT il
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K AR R . SO AL ERHIEREAT BlE, WORSRJE T A A RS 4045 kg A R
RIAMIRIEZ 5 . 85, BB T REAN S K iR ] e AL B 3R O SR 2R ) e,
MR G @ IR RE R0 R 45 R - TR R 0 BIUTE AR 7 FI b
XA/ NI L, BRIAERT D VA 45 SR B Bt b, A8 TR 5 145 5 T AR
18 VA KA BAE BARBGH e 450, 19 3R A 1 R TR AN A R S5 R . N T iE M
ANF R SR, AT VEE N AN 20T T I SR T S
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T 520km BRFE T2 L HHE BB I X SE R 58 AR BN RS mast 5t
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1A ERL S B I R A VR 2 oy, 23 TR AR R E 2 50 s Jkst 100190
2R E R E s, Jbst 100190
3 REEAS AR AL 5O E f{se s, Jbsd 100190
4 P BB S A B HIR AR E sk %, kst 100190

Tt A E], K FH XA J= A ELAE A B e B n] MR = AN, SR HRZE RS
LRI o A FEURL 7 e [ 58 70 () R 5 vp ot 5 iR A RIS I BRI A2
—-BREREL T 2021 4F 10 3 14 HERIDASS, BB 520km, #580H HUIE R TE
DUASCAIKS 2 78 PO, B8 8 iR A7 AR ARG 25 5 3N S IR B e i 2 2 KR
R . ARSCETS M B EREREAE 520km 157 FE SN OR AU B B S AR HOIN A
I AR, B FU AR I A I A X A K A B0 F42 K U8 LB R R
ERERE NP A G ECRPUE & 2 540km, /M) 505km, i G iUIE &
AR KA LIS, R BRIR R Sl KR8 I — 16 3 520km =i . N T 4
BRI SRZ IR, FH R IS DR S8 A R R 3 i — R B2 A AR A B 70 B AR B A4
X RAEE, FRAEHEF R RS EI 5. R IS0 A] LLZNE , £
Hm#Am it & EE R M EA R SR o e, Axdd
Weimer2001 FELBRRYREUN it B ds, 70 il X s =5 A1 DMSP T SR HL S
DR 10 B o 303 2 A R T i 55 0 N A0 A i 2 A R BT[] e
JE A5 380 3 IS (B AH DA o E R0 1 s AN AR I FAAE A [R] 44 J5 s AR il e AE R
X A5 R [ 3 ) 22 ) o3 A R DAAS 2 B8 FL A 32 SO FAR DX, I B R R H N
P IAE R B ) T RE BRI o 12— 28 R 70 H BCAAIE 705 5 1 mi A £
LR FAER 225 18] 3 A7 49 21 2 CE R % 33 18] 1) b 7 I AR 42 o
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NO.49
MUSER and IPS Telescopes for Space Environment Monitoing
P Y2, FE, BRARAS Y, MUSER 5 IPS B4

1 P EFREREE K 2 R, JEE 100190;
2. R EREERERY: R CHZ MBS, st 100049

We introduce the recently built solar radio spectroscopy-imaging facilities,
including near future developments and upgrades,} as well as the IPS (Interplanetary
Scintillation) telescopes under construction in China for solar and heliospheric studies.
MUSER (Mingantu spectral radioheliograph), covers 400 MHz-15 GHz frequency
range which was established during 2009-2016 in Mingantu Observing Station at
Zhengxiangbaiqi, Inner Mongolia of China, under the National Major Scientific
Research Facility Program of China. At moment MUSER is composed of two arrays
with MUSER-I covering 400 MHz-2.0 GHz with 40 4.5m mesh antennas and
MUSER-II covering 2-15 GHz with 60 2m dish antennas. MUSER will be extended
to have its third array MUSER-L covering 30-400 MHz frequency regime with 224
LPDAs (log-periodic dipole antennas) under the Meridian-II Project, which is a
National Science Infrastructure Project of China, to be constructed in the current two
years. MUSER will provide solar radio images monitoring the solar eruptions from
solar surface into interplanetary space. An IPS telescope array is going to be built in
the current two years under the same National Science Infrastructure Project of China,
with the main IPS telescope of three 140 m $\times$ 40 m cylinder antennas located
in MUSER site and two 30m antennas in two nearby counties each about 200 km
away. The working frequency will be at 327 MHz and 654 MHz with dual linear
polarizations. The cylinder antennas will have a sky zenith angle of 60 degrees and be
able to observe thousands of radio sources. The IPS telescope will provide important
information about solar wind and solar eruptions from the Sun to the Earth
environment. The MUSER and IPS telescopes at Mingantu Observing Station,
National Space Science Center of Chinese Academy of Sciences will play important

role in space weather studies and space enviroment monitoring.

R KB R, MR EERG AT RPN B IE s, SR
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CSES, electrons, 0.1-0.5 MeV
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Verification of the Swarm dual-spacecraft field-aligned current and

radial current estimates at low and middle latitudes

Fengjue Wang®, Hermann Lihr?, Chao Xiong3, Yunliang Zhou?
1. Department of Space Physics, School of Electronic Information, Wuhan
University, 430072 Wuhan, China.
2. GFZ German Research Centre for Geosciences, Section 2.3, Geomagnetism,

89



Erd. D St A A AR R N R T & 2023 4¢3
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Ionospheric currents have widely been investigated by wusing magnetic
measurements from low-Earth orbiting (LEO) satellites. However, the assumptions of
deriving currents from the magnetic measurements have not always been well
considered. In this study we performed a detailed analysis of the ionospheric radial
current (IRC) and inter-hemispheric field-aligned current (IHFAC) estimates at
equatorial and low latitudes derived from the single-satellite and dual-spacecraft
(dual-SC) approaches of ESA’s Swarm constellation. We found for most of the cases,
the IRCs and ITHFACs derived from both approaches show consistent latitudinal
profiles. However, there are several cases with discrepancy exceeding 5 nA/m2
between two approaches. On average, the diurnal variations of IHFACs from both
approaches agree well with each other for all seasons. But the amplitudes of
single-satellite results reach only about 70% of those from the dual-SC. This
difference is attributed to the fact that only the magnetic field By component is
utilized in the single-satellite approach, while both Bx and By components are
considered in the dual-SC approach. Above the magnetic equator, the IRCs derived
from single-satellite approach show clear tidal signatures, while such signature cannot
be found in the IRCs from dual-SC approach. We interpret these tidal-signature of
IRCs as spurious results, caused by equatorial electrojet contributions to the [(AB)
_y component. The dual-SC derived IRCs show notable differences between
ascending and descending orbits. Such differences might be due to a violation of the
assumed perfect calibration of Swarm A and C. We suggest a systematic
spacecraft-fixed bias in the along-track magnetic field component (Bx) between
Swarm A and C. By interpreting the IRC differences we obtain bias values of ABx
reaching 1 nT. Our results reveal that ionospheric currents are better characterized by
the dual-SC approach. But comparison with single-satellite current estimates can help

to identify weakness.
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The air inside the lighting channel can be almost completely ionized into the
plasma because of the strong current and extremely high temperature. The process of
electron density diffusion and disappearance around the core lighting channel is
simulated to describe the distribution variation of the plasma in this study. The
simulation is based on the ambipolar diffusion and electron-ion loss models, dividing
the process and determining the parameters according to the physicochemical state of
the electron-ion reactions. The species, proportions of the starting plasma ion, and the
values of electron density, temperature, pressure, ambipolar diffusion coefficient, and
electron-ion compound coefficient over time and space are discussed. Through the
computer numerical simulation, the spatiotemporal distribution characteristics of the

electron density in the lightning plasma are obtained. Based on it, the corresponding
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curve between the frequency of the vertical incident electromagnetic wave and the
corresponding reflective time of the lightning channel is further drawn. Some
lightning detection results of the active radar also verify the rationality and accuracy
of the simulation. The results of this study can be a meaningful scientific reference to
explore the atmospheric effect of lightning. And in engineering practice, it can

provide a useful foundation for the design of the active lightning detection radar.
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Relation Between Latitude-dependent Sunspot Data and Near-Earth

Solar Wind Speed
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Unusual shrinkage and reshaping of Earth’s magnetosphere under a

strong northward interplanetary magnetic field
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The Earth’s magnetosphere is the region of space where plasma behavior is
dominated by the geomagnetic field. It has a long tail typically extending hundreds of
Earth radii (RE) with plentiful open magnetic fluxes threading the magnetopause
associated with magnetic reconnection and momentum transfer from the solar wind.
The open-flux is greatly reduced when the interplanetary magnetic field points
northward, but the extent of the magnetotail remains unknown. Here we report direct
observations of an almost complete disappearance of the open-flux polar cap
characterized by merging poleward edges of a conjugate horse-collar aurora (HCA) in
both hemispheres’ polar ionosphere. The conjugate HCA is generated by particle
precipitation due to Kelvin-Helmholtz instability in the dawn and dusk cold dense
plasma sheets (CDPS). These CDPS are consist of solar wind plasma captured by a
continuous dual-lobe magnetic reconnections, which is further squeezed into the

central magnetotail, resulting in a short “calabash-shaped” magnetotail.
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12 ABE 19 FREBAEEE, THE T #i3% PeS BARIAIAE, B [ BRI 4E i ix =
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A New Concept to Measure the Ambipolar Electric Field Driving
lonospheric Outflow

Kun Li, Stein Haaland, and Yong Wei

Over the last few decades, the role of ionospheric outflow for the loss of atmospheric
constituents, as a plasma supplier to the magnetosphere and hence for the evolution of

the Earth’s atmosphere has been recognized. A substantial amount of the outflow is
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thought to be caused by the presence of an ambipolar electric field aligned with the
open magnetic field lines of the polar region.

To better understand how the changes in outflow are influenced by the solar and
geomagnetic activity, it is critical to get a better understanding of the impact of this
electric field, and to be able to measure it under various conditions. However, such
measurements are not possible with present techniques. In this paper, we propose a
new technique to measure the tiny electric field. This technique builds on existing
instrument technology but extends the capability to measure the very small electric
fields. We present the underlying design concept and demonstrate that this concept is
viable and able to measure the very small ambipolar electric fields thought to play a

key role in the polar wind
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T3] 7 16mHZ~200mHz HEEARS F AW 2E B o0 A o Wi A 4
AT AU R EN AN, AR X e R T
16mHZ~200mHz RS BAARR o> A A . A& SR ], X SR A
PEFENAARIEW N LAERE TN 6 B 17 24, A A, (HZ5)
Ry 2 BHIRFZET A0, EE MR FTMAE, FRFETE DN
3.6 BEWF T RARTERFR A HFE, HAE S<MLAT|<20 BCA%EH; 465 K
PHEA — B2 1 - A S5 I X 3
B Swarm TR B  HIEgT
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NO.115

BRI KRB B IEhN C BB Sentinel-1 FIMLIRZER W

KEW !, e 12
1R 5 L T3 BB A B R, I 4300725
2. AL Es N SEEG =, L 430079
& iFLiEE A (Synthetic Aperture Radar, SAR) fESEIl 4RI, 4 RAFEN}
Mot I, 2 H T R R T B —, InSAR BRI H 45 KE AR 25
&R T FTRE. {H SAR FUGORS BEAT) M DLEE S 3 LE R 72 (R 500, 491 T 2 1) 5%
KMo Wl ARG B N R I R ZAR 3N, a2 xt s B R = e 3, o
BRI 2™ ERM SAR FRARKE L, JFAE InSAR E SN KEIRE . Ak
I 5 R I B EIREh R 1 40 SAR BB, RN C B A
(RIAR SR 7E B = A FE 52, BR2S =) R S Sentinel-1 TR AT InSAR A A T 56E
ARSORE KR LT3 [E 6 2 HLISJH (G 3T J5 1 Sentinel-1 SLC #d bl I 15250,
TSI EE AT A, A TR R BT D-InSAR HARSRAF T Bl 47 AR
AN PARRLONRE , ARG T AERERIA T2 B I R AR O R SRR IR SR 8L
[FIHAR) Swarm A T (1) Ne Sl & GNSS SEMl3ds AL, EM 7 REEE% C
W Bt SAR FEAERZI IS . (HARALON S IR 7= AR JO e 2 3 n G SR PR ME FE I 5N
MERZE, EESEHh R BSEE . NIRRT SAR BRI, %
B B Z BN 51 R DT AL A%, AR SCAE R AR 0 EVE SR T X HERT C %
B Sentienl-1 [ LB JZ iR ZE L IE .
KB SAR; Wi, WE#ENE: BEE

NO.116

#T MBILE BB U HER[SEFE
i
UK
TEX TR, FE T 0 m KA ez 2 M 4% (BILSTM) #1220 )2 B 2%
(MLP) [MEEA2E ) SRR 7 — AT A2 T 5% BE AR MBILE. A1 148
FAM RAT T FE LI N 450 28 BL) Swarm C (KA N B2 145 H 1K) 52 55 B Sl 2%
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AR R IEAn PO A AREE, MBILE B2 () 350 5 Swarm C #2855/ AR —
o FAT#— DA A 1 MBILE R 5K 5 BV B N T, IR 5 Swarm B (£
K% 500 A~ HAEKAT). CHAMP (F£ K% 350 2~ AL %47) 1 GOCE P2 (£
RZ) 250 A BAL®AT) BOWIEE RABATHEEL. #lan, 5K E GOCE KR Hds
bAss, BEAYI TN P E REBAIE N 0.96, BITIREZEEN 2.537xe-12, HLE4E
®W], AR MBILE B BA RAF RS REIERZACTE, wTLLSEI B & 2 ML
0 ] ) A2 8 T

In this study, an ensemble learning algorithm based on a bidirectional long and
short-term memory neural network (BiLSTM) and a multilayer perceptron (MLP) is
used to build a model for prediction of the thermospheric mass density, MBiLE. We
use the thermospheric density derived from the onboard accelerometer of Swarm C,
which flies at about 450 km, for training and constructing the model. As expected, the
MBILE model predictions agree well with the Swarm C observations. We further
checked the MBIiLE model predictions at a wider altitude range, and compared the
predictions with observations from the Swarm B (flying at about 500 km), CHAMP
(flying at about 350 km), and GOCE satellite (flying at about 250 km). For example,
for comparison with observations from GOCE, the prediction coefficient of
determination of the model proved to be 0.96 with a root mean square error of
2.537xe-12. The comparison show that our MBIiLE model has good robustness and
generalization, and can achieve the prediction of thermospheric density covering a

wide altitude range.

NO.117
2 RKFEMEIBHEXT 10.7cm 5 IR EHR B 0T
X
HERF B = R G
KFH 10.7cm A< (2800MHz) ()5 FRAR ST EF, o , TR HUE B E 2 (8] R
fabr, HHSZKIHES) LR KGR, Sk 7 —E R WM. ik, ARt
FMT T RKBHF 0 , T8 BT PRANTEAE 2 R 35, MK PH 2 T FH (sunspot Area)
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A X-ray Vi A] BEEWMFEAREEENT, 0T 2022 4 8 A 14 HE 2022
B 10 A 19 H (67 R 1358 82 iR i W i 28 376 55 40 (5] Br 2 A1 s 5 i AT T A 5k
G T BRI I I BRI B DR P IS B

TR, FOBRFEPE R AT B, KFHF 0,482 5 sunspot Area Fl1 X-ray it &
MIIEM SR T e s M 2 5 3 W DU K4 5 sunspot Area AT X-ray il &)
R RN 0.7373. 0.3512; HER A A EHE S sunspot Area A X-ray it & HAH K
RHCH 05722, 0.3330; TEKRHAE 7B K B i BRI AHOMERSA T
B, 7R AR I I SR 5 W K 55 sunspot Area Il X-ray i AIAH o< R EE N
0.6486.0.3115; [ [ A A1 %3 5 sunspot Area Al X-ray Ji & (I HH 3¢ R 54y 0.4743 .
0.3173. FHIL, FENRIEIR AT = A (1 fF AR S LR R 3 EF o, BT HE, 25%
M F T8

NO.118

#TF COMSIC RO I REBH KRG HE BEY RIREW T 25/

L CES
HH R 27 e i 5 SRR ) L TE I

HL S 2 R B AR o 2 Rl s 2 S i s s Bkt R A [R5
2, GRERBI— AN 4 R T A R RPIRAS, Hoh SR ZE T T
255 R AR 2 T JINAST L 451 R0 8 1) 90 BT (R DG B DR 2R o (VR 2 80 RIAE AR, #R T
0 e 397 3 AT 1) S AR R MM 8 T T HR ) P S 2 DG K BE I AN AR RS
T RORZEYN 7 22, IXFEARRARRE B RRGI T FAb RS T SR I . A SCEE T
COSMIC-1 #5 2006-2017 445 J2 COSMIC-2 #E12 2018-2022 4 K 2K 14t
AT, 2T AR R AREZETT . ASRIKBATE K 02 4 5 fes J2 A0 G
PEAS B o IXANAE DG T B 5 S il B 2 AR ) BN L AR B2, R W] BLORR
— AT RS A B R AL A 2

NO.119

H 55 02 BRI S B R A BdiE s 3 07 5 R 5 R I IE
W 1230, EKNE 125, F4ER ¢4, FEE 123, VAR
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LA E R 2B K A AL, JERT 100190;
2 RFEAS (AL PRI AL 5T sk %, BB 100190;
3 E R R A PR SR AN BOR H s %, kst 100190;
4 HF AR/ LRG0, JE5 100081

MRS Vs I i B Bt EL AT RS ) A B RO A7 AE 5 15 B R B 5 A5
B BEA ZOWIVb A . TR AR S K IR A SR KRS G, =y
2 () 2 (R R MAT P =8 PR i 80 it xR il e 7 i ke 28] B A T 5 380AE
mor 5 5 02 B_ERRISCIEERENACT 2021 9 A 7 HIFEIFITIARTE
Bizty, U A BPINERIR G, [REERTS 1A RSO = R o0
UESE S TG ERE R IE FRA )R iR ry il N TN B 22 4 DT R e
AT 535 1) X O 45 DK 25 TR ST A AR R 0 ) A i M K AR S AB AR A
B TE . MRAEA R IEREDG R, Bl E R & A 1EE AAL
Mz RS R BRI AN UE S F1H AAL AAL 2 — Do
Mg BE, HR/NEE WS RV A MRS R B . SO R A
Sciatran fEHH AR, FIF 354nm F1 388nm W KN, VIS HIBESGIT, 3
B AEER AAL 704, FFDIIMEABAME 2 [ B 22 57, iade R oe i X I
TG0, I EXERE GO AAL FIME, DU ERNE SE TR,
RIFERANT AAT Z55R . B RRMIX B 5 GRS sed BT b
X BPP A X33 AT [ 434, [R] Tropomi 25 REATXTLL A3 45 5 BRI X
175 RV o A 25 1R Tropomi MM S5 RIEA —F, T 55 02 24 BAFE,
1M Tropomi F&#AE N b, 2 W45 535 G X 3807 A 4B FF AR RS A X o
H AT E =S RIS T U2 B #2608 2km*4km, S TH] 73 3 B ARAS
T Tropomi /i BARNKIH, 154 0 A FFAESE I . GOME- 2 PT84
R T B [A] [F R SO A AR AR ZZ 4 /NI, 3815 e o0 AT WL &85 SR A
AR —3E, BT GOME-2 FR1GHY™ i 23 7] 73 BRI, Toidhe (i i i
TG o A ERAFAE, RN REBEATHE— DX L . 22— RIS LLGAIE, 7T LA €
WS WS A AR AN A5 (P WL 45 2R [F] GOME-2 1 Tropomi FIMLIN 25 RAHFF &
HAEAE ) 73 35 32 07 T REWS A3 5 KA 35

KA = 5T 02 &, RO S RIS, SO S 5 4 Tropomi,
GOME-2
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NO.120

FIF STEREO M WIND 2 i JRAr $RMIN S e Al BLAE A X Ak
REJIREATHEIT

IRFVH !, BRSO !, Christopher Scott?, 4R ##F !, Mathew Owens?, /i ff] ,Mike Lockwood?
LA EBEARAR RS, GIE;
28 TR, HE

JAE ELAE X (SIRs) 2 H 3K [ H %517 fr) PR oA B IR 18 5 oK B XA B A
TR . SIRs AFTERT ALK, —MEATHRFSE LN KBH B J s sE Kt A] . G2
SIRs LA 27 REHEZ B, e n] AR A LR AR B AE A X (CIRs). CIRs
s | b E I R 1 - AT R R U, W R SO b BR A PR v R PSR L
JERIR, WTHLI RS GPS SR, TR I8 AR HH A TS TR R R R G R
Biblro R, $ERTXT CIRs BGAMMER I R FIREIS . . % B 5 B Z S HOHAT
AR, S ARG 5 5 4k s TR R A B A 2 B B At B i pO R S e R B . A
STEREO-B 1 Wind L2 {1 BRAL LI Ecdhs, dld ik CIRs Z5#2faE ). B4
(2R, BFFE 2007-2014 4 TR 4 E LS B 225 CIRs 2825 A KA TRk AE /11
S o B 75 R I, 58.9% K47 STEREO-B TL 2 M I F ) CIRs W] LA E A Hu BRI .
W% STEREO-B 5 Wind T4 EMA E =BG K, #ER TRk CIRs B EL]
M 100%3Z 7 FEARE] 20% /547 - Geit 45 /R, HUREF BRI AL: 73 X CIRs
TR AT BB . M E /N T 300, SHiEZE/NT 590, 93.2%H) CIR
HA T LA HERA TR . MAREE KT 60°1), 50%75 47 1) CIR 44 Joik gt R 7l
fito BRIUAEAL T HIBRPUIE S5 30° M7 BRCE R PH XA I B A Candh H 4 5880
%l Solar Ring mission (Wang et al., 2020)), 7] DL BR[04 [a] KA 1K) ik i
HgD> KRB CHIRER” CIRs IR .

RBRAR]: 2[R R AT, SRR EAE R X
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NO.121

HEREEEEK E B 27 REARHERN

T4, Christopher J. Scott2 , BRI, Bz ', IR ', 325 B °, Mike Lockwood’
LR RI SR =, L,
2.University of Reading, Berkshire, UK;
3 PERMFEREAKRY:, AL
4. R E R BT S MR AT, dEat
b, UK, HiX
R K E B 90 B 130 2 B3R B v 8 X oA 35 1) v B IR AN S04,
Hu & eE s )L F4EH Fetr, Mg+, Cat, Na+tZ&KAEmEEE T4
s o ) FH 32 TR 25 1) P 5 1 e 15 3t ) b ) 5 0 o (OB A0 12 F o 4 R A
BHdE, KIMIREEZEK E BAAEHE 5K IR 27 REEZL,
KWK E R 5 R B3 5 X ETYIE ARz /7R A, 1852 3
P NUE WSS LSSt SRR G LY A=A
R E R MK EE: KA

NO.122
R4 BB

Zroppe Ak E !
Ll kes AT B S BEIEDT FUskie s, 2kl 519000;

ARIRBEHFRH TRE AR B3 A0 e R R0 8% 2 fie ade ol 2 2 0 g il , BT
WES A AR RS SRR EAT IR 8. H AE A BREE IS 3 (1 5 AL 3 22l i
FEZ G e BT oK BH XS 55 1Ak L ROR B SR Aot I, H 3R 00 H A0k
A A, IR HTE A RIERCRY) (BHE), W i H AR BORIE H% ) 1
THTHARIES . AT EEMMAEK X EE, A PIC(Particle In Cell)J7
AR H BRI 2 0 F S A A, B AT T A ANBORLAE AN R B = RIS 3 1 0
CAR AR R BN A, IS BILL 4518 1 EMRA B X, HREE
SEOKPRERSS AN, SR AR DOR SR, el rizE 3, HRBHAE
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6, HASEE RN £ X, HRSREN N, %
KPR T seR, SFE T HREE S 1S, ARBHEVIEHBHRERE
Frsgnm g in, 2. KPR S o, H BB ssRIZL, B PrReis 2
PRy et PR 1 o FEUT SR B e B A P 2R T 8 e P s T A B RN SN A R B 42
PR 3. RBEE RS LN, R SRR S (>100m)
2 b 5 b At [X 3 AR R 5 P K o AN TR O MR T H BR B Bis 3l e R
KIIRH LRE . BANEHEFRMHEARSH,
R A4y R BahL; PIC AL

NO.123

F T AL > B IR BB AR TR 5 T BoR BT Ak

PR, FR!
LEDURAHTE B Z L=, B 430072

PN BB D — AR AE R B E AR IR, - R ar A P& i 1 B
KB, BEEEGHE 7AIE IER A2 %0 . BTN R R S R IR
MPIHR R 5, S i T R S i HERR I 77 E e A S R SR 2 8. T
PLERE>] (ML) BOR R PRIE A AT S R PESE A, eV 2 0 FE N B
A I IR B A R AT L T . HLER 2 SIS “ R~ N 45 & it
JTVEEAR A % @ AR 10 A p AH B A% G070 A T I R e R S T e
KL AWFFE T T AR RTINS, WS RBUES B =ML g5 105
o T A AKX B g g5 2 BT ) AR R, BRATTVEGRAT 7T 1 22 i S8 T k1
PURATER o R RBAERNEADCHR T RE RS, R A AR B 28
B, sia ARG EE RS RS ME B ROy 17— AR A, A
(7] BB SRR IAT A R s, R B 5 R 1 PRI S SR, X P2 >
TR, 248 5 R 3 AT AE A R B P A B 23 QIR & T al AT RIS
LA ] TR [A) R AR PR R AR T {5 FE S L O 1 WL 2 ST A SR
IR R e o 308 T [ BT A AE DA L 83 TR 5 T 5 A RO E T3 i, o T M )
PR S RO HEAT RS, KA R RN &5 2 BORTE N TR SR 47 . SRR E
MR o
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R TN IR R S T s HLEs s T s

NO.124

e 3 2 TR KRG AR B A TEIIR B 72 A [ X3 38 A VP Al

TEHE 123 MRk 123, GRARNG 123, ROEEE 45, Mt 123, F@se 123, AL, WM 123
LA E R B s ARty dERT 100190;
2. KPHIESD 52 AR AUE R E R ki =, b 1001905
3. ERNE R A R A SR A ROR B RS E, B 1001905
4. FIRITEEKRY:, Jbat 101416;
5. MIRARTTALEARAF, Jba 100094;
6. AU RS:, dbEt 100875
RAGI A 2 f7 F L PR S I 7 (B R R I 2 TR, iz = (A
RAT SR BRI TR N AE 5 H AR LRk 1 P A R I ] K g A5
R FEBOR, 5 3E EARE RS . COSPAR S35 KA RFIMRL . JREACIEM T
BRSTTEIE R YRR KRR . 23RS % KRR A S KSR,
TP RY (1) R IR RN s AT 7RG, i T E N AME R R R 28R . FIH
TIMED/SABER P& W A 45 4 13845 1 2 48 H XME, 70 5l x 8 B Al 30 2 1) K
AR (USSA-76. CIRA-1986. MSIS 2.0. GRAM-95 il GIB5601-2006)
FErb E XA & AT 78 VT, 45 SRR, AL b [ X i A A
FIRMIK N : MSIS2.0. GIB5601-2006. GRAM-95. CIRA-86 Al USSA-76, it
REW NI E LT AR A B A e, il M R 2%,
OCERIA]: WG E] s KA JRAE W PEXE; @R

NO.125

F TR0 FI AL R ER RS 7 FR B B T AT PR RS R

TR 1, WA 1, X1, 1, PR 1, ERRTE 1
LIRS s BB S R &, I 430072
KEBIT WL RBRAEIBAT I FE A 2 7 Rt BR AR S 77, 52 B 5 Fh BE B L~ I 521
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R R T XY CORTHT, RSB R R TN, R IA
TEAT W, [R]I 3d 2 0 AE A TRl R R GR s s DRI, O R4 Sy P 130
B3 AR T AR B R B R T VR R LA & TR A LA
BT EACR & RS, SRAS R iB A 25 SRR R T TR &5 S i s
BRPERMETE R 72, A& a4 RAERE & . B A A 2= 200 B 58
#PE. KT Van Allen Probes. GOES 4522 i T A2 1 ULl 5040 A0 = 4 5 v 20
X, FRATTR A R /R S 75 V2R SRy L B I S A AT T A . T
FIMLEESR, b 2l BRI RN 1 K. 2 KA 3 RAHR S 7l & 7
W, IEREFRMEE R BEAT T VP4 45 KRR, AT eds & BTN [F] G & A1
AN TR HEARE A BRI S s P Tl B B R AR, R RIS K. (H B T
AP REA,  FE 0 R P RO A R R BRI, Rl — 25 20t
KB HERERS A BTEE BdEFEA: AT

NO.126

Combined Scattering of Suprathermal Electrons by Whistler-Mode
Chorus and Electromagnetic lon Cyclotron Waves in the

Low-Density Plasmatrough

Based on the observation from Van Allen Probes, we report an event of intense
and simultaneous

electromagnetic ion cyclotron (EMIC) and chorus waves inside the low-density
plasmatrough. By calculating the scattering rates and performing the diffusion
simulations, we for the first time evaluate the combined scattering of suprathermal
electrons by EMIC and chorus waves in the low-density plasmatrough. Landau
acceleration of suprathermal electrons by EMIC waves is mainly restricted at large
pitch angles while their scattering loss by chorus waves occurs at small pitch angles
well below 90°. When EMIC and chorus waves are simultaneously present, the
scattering of suprathermal electrons by the two waves is very different from that by

each type of waves alone. EMIC waves play a complementary role in the scattering of
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suprathermal electrons by chorus waves, which facilitate the scattering of
suprathermal electrons over all pitch angles. The near-equatorially minoring
suprathermal electrons are firstly scattered toward intermediate pitch angles by EMIC
waves and further toward the loss cone by chorus waves. Our results highlight the
complementary role of different types of magnetospheric waves in the suprathermal
electron scattering, which potentially have vital

implications for the dynamics of suprathermal electrons in the planetary

magnetosphere.

NO.127

FET O FE TP EAR R XU IXE)” Bl 2 [ PR AR AT 5T

B 1, il !
LR TE RSB E RS, X 430072;

I3 22 fa) e PR KRR - 2 - BRI & X, BRI EZA & R &
TR — 3o Wi 7 [R5 B 52 B0 i sl B SR, B2 K B 3 A0 5 | 56 4R 1
SO, AR S A B 2R 248 . AR AL Im i s R A B A4k, AT T2
JRUBE [ Y= A5 2 (1) SR Dt S0y D 48 0, el R /- e AL &5 SR F1 WACCM 152 3 45
RBEATEAE R, 75 2R AER I 2 AR S 4. ARt b, Ha a6
FRZE 28 592, Sl 22 (R PR S S B AT T, 45 2 4 2% 23 A1 H i 30 2 [A) A 45
SR B, AT 2 @ 22 (R A5 B s AR HEAT 7 RS ge, it 5
13BN AR 5 BT TG IR — B0 UESE 1 I =3 (R 458 T A5 28 ) A
P

AR Imi S A Hldss ) PR RIAEOR,

NO.128
BT SeHE MIRSUIE R R RIE AR T
FHOW L B SRR Wk B

R EREERE R RS JEst 100101

116



. St A A AR R N R T & 2023 4¢3

SR 18] H AR S B PR JE BB R R 2 — Ry R SRS . e H
il I RS AR S A e CRUEAEAT AT 1 15 #B REAR E 1 R AE KRB SR
1, HARZETEH AT AR 10%5] 200%. k354w K 56 R ALRE FE i o i 7 5L
AR 1 B ) R, A SR P AR BRI B 18] B B ks FE O S GPS. Wi £
W, BT ANF 50 RURE IR, I R B U AR B 7 V2 18 AN R KU AR Y
Xof 7% () s K 8 A o A P 5 Wi e B 1 B N T 2 D AR SR ) B8 R
& R A 1 7 Ay B ) A R K, ) P Sl o< P e AN TR T
KB B0E B D5 BT KRB SIE T I 90 BT as SRR, 76 K BH A H B
T B E Y, S8 IR A P B T RO B R AR S e SRR S A
REEAE 10%~30%7c A7, I O MU0 25 A5 3 de s 2% 1 B2 g S s R B R 5
A RIAT o FERBIVE SN e, O B RSB 5 SRR A% iR 22 A
50%~80%/c 475 TEHBREIR N HAIA], S I8 15 B 1) S I8 <% JE A bl AR A K< %
FERZERIRZELE 80% /i A o

DRHR . KR WORIIEE; RSEHUE, KA R

.

NO.129

JEY; B2 MLT X3RRI E 30 &R B2k

FEVER 12, HAFE 2, WIMES, MEhuE s, REheC, R’
LALHTE RS RIS RARYELRTIR RN =0 7T, AL 102206,
2AERUME RS RCHK, JEHT 100875;

3 E R E A R G AR E K E AR, JbsT 100190

ASCHTFE 7 MLT H X8 Kt i 31 A SR it i 80 5 K ahis sl 1Y)
KF BATRIA 2019 £ 7 A% 2020 4F 6 H i MF H515(39.4°N,116.7°E) 1 4
HMINRLMSIS 2.0 TH5 RSB K iii sE AR 28, KU aE
BB HIOH AL AN ] 1 B2 32 AN [ J ST, &8 iy BE RS2 AE 120 AT 24h Ji 1424 .
FEARMFRAIX, A7AE B8 2 0 B AR A R B = AR, 12h B9 J 9138 40 EE 24h 1
S TR, 8h [ AR T B s . I8 R AR I e AR R 5 R
BB BT EE, AT LA H M O KA RE S AR RCR A S, JF HAE S Rblx,
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SR PRI RE B FE O 1 s BE B R . K AU BE AR BRI R (B KA
s SR, it e AR BCR AR A S SR L 2 R AR A
RHEWMLT X3 itz 1 K mi

NO.130

H ABUETHEXT TLE % B IR = WA TS R IR
FRACE L, TR M, TR !, B !
hEREAEE KRS, bt 1001215
XATIREL (TLE) 18282 A8 2 () i B Bidls, FLI0GRAS FE AR
FENRF L S ) Ay PSSRl -A TV T 9E vh i SRV E B 1 /L2 —. TLE 2 H HO{3E FH I8 H
72l SGP4/SDP4 B HEATHUIE TR A, %F TLE 4 H IR WK, HUIE TR
AR EEE AT 02 L I3 L J4 8B, AR H A SR R IE SR ]
EIESE. b, SDP4 AR 55 = AR ah it Bl A, % H A S I it 5k
W1 KSR BN e Sz s 7 3, OTE(ESMIE 10 RAARS, SAFAE 20

W

~3o /e A H A AL E W ZE . A SRFRATTIE F S R i H R BSOS, ke
HABIEAL B G F, FEARYE E A i3 AN ], X K BRAE SR 1 B8 3l
W fRl, % H SERE R A BRSO R, WA RAR N A B R, FEAR
10 RIS, SRAMEIEGRPOE TS 5%, 6B ALE R 2 0 5 B 2408 1
~2" A 15" ~ 20" WEY. BABEEHBOCNEE LAE Etalon-1. fiIAmg 22
SRS Galileo 23 T B FGETIRE ), BHATHIE TR G LL BT, 45
RL IR KU, EATH TLE 9w H (ESUE TR ET, A28 R0 & 2 R
A £ H HHUE T RS R, WA R E 07 T BAR R <o
B gmH, BTN EE TR 4 R
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NO.131

HT R E B A E ST = 44T RBIRBT 5T

MR !
LKV TR, Kb 410000
TEMER AR AR TR, B MSEE CE R, Hl T TEKE
e 7 75 Y0 Rl R B 1), 2 e e K AN B Bl B A SR 2 A A — L R4,
ARV FE N R E U =4 R A AR E . RATMAHAS. S
J2 RSB BERM RS (COSMIC) 2006-2007 4 TR 5 ¢ KATHIE FIZc1E, i
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NO.132

T SuperMap B H BRE B H| B KRG %1 55280

XUFE 1, PMAE L IR, MR !, ALK, YT
LR IRER:, bt 101416;

EEXTHERE S S & M 3 58 & @5 B w B A, 2T SuperMap
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Abstract: A cavity mode wave, referring to a trapped or radially standing fast
mode wave between different magnetospheric boundaries, has been developed in
theory and reported in observation studies. In this study, we present an interplanetary
shock (IPS)-induced cavity mode wave event observed outside the plasmasphere on
31 August 2017 with multispacecraft measurements. The phase delay of 90 degrees
between the azimuthal electric field and compressional magnetic field indicates that
the fast-mode wave triggered by the IPS is a standing wave, presumably radially
trapped in the cavity between the magnetopause and plasmapause. Taking advantage
of the location of VAP-B spacecraft right outside the plasmapause and the AARI

ground-based high-latitude array mapped in the noon sector, it is suggested that the
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observed compressional wave associates to cavity mode with its inner boundary at the
plasmapause and its outer boundary at the magnetopause. The peak frequency of the
wavelet spectrum of the compressional magnetic field increases from 10.5 to 12.5
mHz, which is consistent with the theoretically calculated cavity eigenfrequencies
before and after the IPS. We also provide the first evidence that the peak frequency of
the cavity mode increases due to the inward motion of the magnetopause during IPS

compression.
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