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VF % TR AE R B W0 3 85 1 [ g . Russell 2 A7 Ak T— 2 B4R MIEE 3 VAT
TR R i B IR e I £ B, AT TR T — AR, AN IX SRS R BH U
KEBANRZ RIS H A0 Z a5 N SR KR ARSI 280 2% (Mars
Global Surveyor, MGS) Hl kB KT 5K YEAAHR M 45 (Mars Atmosphere and Volatile
Evolution, MAVEN) #3555t b i 851 B il 13— I e, W0 213X L6965 i 4 e
ST MR T R, RIEVERIZE 0.1 ~ 10T 2005, BNy 2077 k4 R,
1t DR Z X BB [l ig sk B i@ AR AL, IHEPAT TAT B a7 m ik (3% #
0 ~20°), FHIEBNTEE" .
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7] 78 3 3 RN B 7 Wl e s B HE O 22 e 6 ™ R ROR R I, 1 TPIRAT B B
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IS 1 [l i B A 2R R BH RV A — 8 B MOBIOG R, R W Ly A2 4 51 R 1) H 51 L B A0
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BB T s, SERR BRI ERTUEROE TR e, EMS ErRALT . &
BIF TR 4R Hh AE 125 (8] 5 sk AH G (1) 185 1 25 2 P03 R0 T FE AR B OO I RR A b, 5 W AR B
(Magnetohydrodynamics, MHD) 9 A [R] 3 A (1 37 He 8 5 55 10802 (8] (1) 5% R AT 20 B L
B IR KR RS T e S S AR B, DA B X S AR B A B

ELE N T MAVEN R0 48 FI0E 78 K B 10 55 [l g v B A FH B 808 s S8 5 is A
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MAVEN #0128 F 2013 4F 11 A K&, 2014 4 9 ARk kR, T 2014 4 11 H5%E
PR 5 T 46 3L 55— A HUERAE A 8 AL AT 45 . MAVEN B 0437 W B A 8% o 7/ o7
1) = FhEIE T THESR T (Magnetometer, MAG) 20, ®EARESRITRAESNR N 32 Hz, KEAN
0.25 nT o FEKE TSP LW, SMAGRBAEMLL, BT BeR /e PR AR 2 P i
Y90.06 Hz, KT MAG KRR Bk, 7EATAES, XHEM 32 Hz WIB% %00
T 4 He i3 I, BN Nyquist $1% (2 Hz) 95985 K T 55 F RS2 0.06 Hz'
CL I AL A TIF 70 %5 T 7 6 1) 23 5 S (0 B 5k, MAVEN MAG Hi3% 75 & DL KR oty KB #LiE
(Mars-centered Solar Orbital, MSO) Aebr R #Eox, b X Hi2 WK EHF LA HKH, Z%h
M E TR PIE TR R EE L, Y S A i 2 A T e e .

MAVEN R Z% _F 1K BH S T3 BT (Solar Wind Ton Analyzer, SWIA) T] LA &k
B JE BRI R B RGBS F- SWIA I FH 7 5 v O % AR 000 B0 T B 2 40 BT ACFE T2 ) = ANl B it
360° x 90° ) IZARES, JRAE AL DA S IR F m i sh ASVE FEl. SWIA #2401 m R FE
RS FEE AN E, BA 145% KBRS PR, fEM BT 3.75° x 4.5° FIfEH
filL 77 1) 22.5° x 22.5° (MM, DAR 5 ~ 25 keV (BTG #EiZ 0 TIER, &
AMEA T SWIA $2HER) MSO AAFR T K BH XU T35 B FO 7 30% FE 8, JERFESR N
0.25 Hz.

3 KA B E T RER AR

Kl 1a). b) 25 2014 £ 12 H 24 H 04:00—06:00 #i[i], MAVEN #F$H0E. kK2
S K RAE MSO AR R T X-Y Pl X-Z PR &R, aiaREBREKE,
WA 2R KR S8, B Vignes 28 A upcite2000GeoRL..27.. 49V PRI A . FRI 2%
AT 835 102 2 B 0 iy 15, P B0 05:10:23—05:12:31 B 257 [l Jig ik 14 B 78
AL E, KREALEN (2, 0.6, —2)Ry, R WE - [ AR R A AE KR 5 WOk 1 Bl
le)s d) 43552 2014 4E 12 A 24 H 04:00—06:00 A MAG 137 %08 2 i (6 T BLRGY) 7
& B, FPATHL & B M ELM A, b el 28R OR M T e, M
WM AUE R (4.7240.17) n'To  ZLEAHEGE R R BE 05:10:23 —05:12:31 HAEIX S5 ST 5347 1)
BRI B 1c). d) RUIEKE BB 2h WEED)RIEHE P[B, | @K T-FAT
B P(B], 754 TRESEMIE PB,] & P[B)] #110~100 £, 3f L k2 E
B R PAT R 53 5, DA 85 FE PR W R A AE 4 o 1 [ AT I T, IR BUREIER B, %

2014 4F 12 A 24 H 05:10:23—05:12:31, MAVEN £ 2§ MAG 1 SWIA 2k E 5
Bk IR E Rk A, i 2 Bir. B 2a) B T MAG 52758 KN (BEZR)
1 SWIA 53K BHXR FHEE (4048, iR B T FHEEE N ny = 12.60 cm ™3,
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i: a) M b) ok MAVEN HUZSHUE. KRS8 KRE MSO AR R FRUREEL, Rm NWKEFE, ¢
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FHBOMAERR, P RRFERL,

B 1 2014 £ 12 A 24 H 04:00—06:00 MAVEN #8818 Fniiz b8 B mhisit

B Sy 2% FE R 2 43 #5232 089 0.25 Hz, @R TWE3 HSRFE 73 385 4 Hz, it DAIRATIERI K/
| B| 7E%5 B W I (8] B BT GZOOT A i S — K =R SRl E 505D, 3K 153137
P 5 I Z MR REON 0.99, WANEZA{EFMAZ AR MR K, 54 MHD
FRPRBL A W IAHE . 18 2b) o). AR T MAG A1 SWIA Wl 81330 (B
KBARGEE (£0£8) 7 MSO Abkr T %7 BEREIF A28 b 7EIX 128 s ORI, 030 38 fp
G BA R IIRY, WEIIRIELN 0.5 nT. XS & S EBCFE, ATEE 7
N By =[4.46 0.68 1.79] n'T, ~FIRHKEEZN Vi =[—373.11 26.47 1.63] km-s~*, 1T7EPxR
Wi M o = 25.15° KPHIR SN S IRENAFEEE A RIE, o yv 2 ZAT51A B4
KA —0.99. 0.86. 0.64, FHIH AT GeAETEIR T Sids 7 In) A& JE BT /R STk (1
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e a) RORHEIAVRE SRR THEL, b)y c). d) Fm MSO bR R (RED RUKBHXGEE (440
sy, MSO s RLLKE NG, X FIRFAKI, Z @B T KERNPUEFE, JHUEEI T mNE, Y o
5 R AW LA TIERE . MAG FoRBRTE, SWIA FoR K FHRE T

2 2014 %12 B 24 H 05:10:23—05:12:31 MAVEN MAG 1 SWIA {22 VLME] A E S HUE LS
FREEEEY

Kl 3a) AE 2 Fros B 5 BB S, AHX T8 R By W3 B 7 847
oy BRI EE P, Hhiitih kR EH#S &, RO&RR TS D &,
LT R AE fo O 0.0740 Hz, FER b DU (o R B R 2R, AH RLFR 51 [ e il 390
13.51 s, 128 s MURFEEIT ML 9 5031 [ml i i 9l Wk o EL 7y BEf) P A RO fpear=
0.0827 Hz (1.117 f.) WAL E, WEKT ZHE 7 BUEMR. Bz RN P IEHLZIEE
AT SPAT 0B P I 17.28 5. BIER] MAG DGR IEAH N, Kl 3a) BEOKBRER
RGN 0.8fc ~ 1.2fco B 2 PTRIRHIREIA R G IR AR W G0 2 5 - [l e iR, Jf H
WENM DR L EZAE S By EAIJT 1 L.

FIUF MVA™ J7 R T 70RO S B8 T 5 et B E A HE 7 1. otk 347
HSETHE T T TUR) 128 s WHEY) MSO 23 R0 7 Z2 5004 B R AL A AR AL 150 5, RS AR A1



2 3 FEXRB, T KBTI R T B ORI A 291

10? 0.66

b)
0.16
=
100 E-0.34
=)
-0.84
il“ 102 -1.34
E -0.02 048 0.98 1.48 1.98
o B,/nT
=
E 107 1.98 %)
1.48
=
10 = 0.98
g’
0.48
1
1
1078 b Liil 1 -0.02
10*2 1071 100 3.74 424 4.74 524 5.74
//Hz B,/nT

VE: a) 2014 4 12 A 24 H 05:10:23—05:12:31, BE-FREGEETEE EED MTPT (CBE) #igms BT
WP P. b). c) BN 2014 4 12 A 24 H 05:10:35—05:11:20 5z K- 8] o 8- $5e /N1 T AR 2R s P o

E 3 BTEEKEDSENRIEREM&NTEN

TR U IEA JT M3 B bR IE 2. By R IRV RER /INRRAEAEL 73 9 Ay = 0.253 A =
0.224 1 X3 = 0.017, XJRIRFAE[A] & 53754 e = [—0.25 0.97 0.07). e = [—0.16 —0.11 0.98].
e; = [0.95 0.24 0.18]. & [BIie s 1 BB AL RRAE T LOESS Ay /Ao BUAESRAE, BRI Tk
TG Ao/ As HAESRERAE, —MRIME, AT P, A/ HEBIR. 24 Ao/X >> 11,
T S5 /N AEAEL O S RHAE 0 e 17 TR AU AR K 9771

MAV &5 3R EoRTEE 3b) FE 3c) b, 40 A2 05:10:35—05:11:20 f5 K-+ 8] AT A]- 57
NPT R E. Biv Bas Bs 730 R Min T 2ok HiE. BN & RRFIE
M en exn ez RANIIFIIWIAA Boyya = [—0.34 0.98 4.74] nT, #51A&HK-H1H (e1-es)
A, X5 RR, B 3b). o) PR E S0 MR R T X R PR a2 8. B
3b) KM, BRI AE TR ALK R R R TH R S T R R L 2 3
Al (A /e = 1.13) FFIHBE (M\o/As = 13.16) FIEHE, @ FRER 0B = VA — A5 TE
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i, Bk =k, +k.€é,, k, =0, y 5 ARG HFEEC . AR ITE, 28R
R AGIRLIRR. 0 52 k 5 Bo MM, E1ZARRT, MHD BHERE (dv,, dvy, 0v,)
WHRREN

w? —vik? — 2 k2 0 —2kyk, | |Ov,
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—2k k., 0 w? — k2| | v,

Hot, w WIESR, va = /BE pomemo NBTRSCERE, no A RETHERE, m, ANET
T, po RESWSR; ¢, = /Do po N, v AELHRE, P WERER, po NS
BB TEE: o = /2 + 05 NHSEE. R @) 4 3 AME MBI 3 STk FIR
SO R RIS R BRSO B R

w==xk,vyg , (2)

Sorh, o+ B b, AT RTAT TS R Bo, 13 (@) B (2) 4, BRSO MRS
fEy HlE, SHSRAHETUTRRE

dvy/va = FOB, /By . (3)
[, R3cH W ST A BRI Eh e FEEh.
(R TINEN | O PSE

12 ) 1/2
2 _ ) {cfns + [(vi — )" + it sin® 9} } : (4)

Hrp, + AR, — AGREHA B BOL MHD RIS, sh &R LR (D),
ISR LI S AR BN A AE LU R SR A&

2 2 _ a2 2
vy Vpn — C5cos° 0 6B,

W
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X @), (B). (B) FRFBLRAAIR = TP ITE BB RN 556 B G 30 2 (R s g, R b
BIRBANE, FERIIEMARB A R, Hn] RSP0 I &R o S
AN AECE S, JF B S R A0 FE AN U AT E e, A DAE A A (BT 7R
SCPE AN B 75 15
4.2 MHD it SIMEIRTEE

SN T B S T £ R N R R s 5 g R L, 1 e MAG T SWIA X 2%
Bl ) MSO AAKR 2 1% 37 A3 P B0 S 45 B [ A AR e BHT SWIA LS I & 43 %
5 MAG WIREAHEAE D HERANE, 811805 0% P BUs o R i AR T e BR 1 oy W, 3R
ATF 37 ) AL bR 2R B RES 45 o 8 o P 00 O A O] B AT 4, TSR P sh & B 2
EETHRERYESHWE L Fn, PSSRk MAVEN 48 2014 4 12 H
24 H 05:10:23—05:12:31 HEM AR (B 2 Bios$iil) P E1E 2 XTRU/RSCE, B
W3k, 15500 TR BN, SRR EOC (WaR (2); M s BT 50 T ACE
FERIASNTIRK, S SR (LR @), SHFRESIIT S, EERSIASE s S50
BRI R RIS IR 2%, HEAZ MR ESZ RS SN, B RBENIL
Al (W= (8)— (@)

®1 FETHEERYIESH

ZH KA i1
R TR no (12.60 4 0.40) cm™®
R Ty (1.38 £0.07) x 10° K
AR /R L B 2.56 & 0.03
P Py = nokTp (2.41 4£0.20) x 107 Pa
R /R SR va = Bo/yHopo  (29.86+0.57) kms™!
PR cs = \/vPo/po (33.79 & 0.86) km-s~*

TR PR B IR R R, KB TR G S B S BRI (B S 1) MAG 7
s — AN (8)— (@), 715 MHD H i L ECE R EME, 5 SWIA M)
B P R FE AN 0 LLan ] 4 o, GBS BRRE 7S U AR TERE v, = 35.59 kmes™h, HoA R
ENFRAE (BLEAR ¢ ), CLAXTRI SWIA FMIME (LLEAR o ). K 4a) 2
HEMNAE AR R FHSE S WG A HLE; B 4b)y ¢)y d) 2B E I Bl 7E 3 ) A
BRTM 2v g 2z 0 EERESWIER L. WE 4a) f1d) 7TUUE HEERER 2 J71h
1003 BE RN I B 5 WA 1A 3 — 8, (R EEEIMELE £ 1 ecm™3 Z[A], 1M
HARMEAE + 6 cm™> Z[A; B4h, 2 FHEEERFWNEE + 2 km s 28], MHBHE
fE 4+ 20 km - 57" Z (A, FEESRENAT 2 J7 1 038 B S EE Ve A8 -5 0 IR A R R AR K,
HEMAL R &R . ME 4b) ATRLE 1, XHTF o FrmsEERs, BigE 5 milE 2
A AFAEARD, 220 PRBNARAL ZE P2 AR I TR, B TSR WA I SR 2240, 0T B R AE ¥ 3%
HE 4 55 B 1 R R B (AD IR AT A A I P AR 0, ELRH AN 22 68 B IR TR B2 SWIA X2 1)
IR, ARMEHEAT IR IS HT. W o B B T 3 1 6 1 A5 8 AR S BRI RT B A B T
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I Z1
TE: BT (LLEAR ¢ 5, LR SWIA B (UL 1R o #5500, BER 6= 12.37°.

4 2014 £ 12 A 24 H 05:10:23—05:12:31 SWIA ZEE AR VLN E S RSB R I IR E
BIXTEE

R DRI A R o A R A EL AR 6 4 BT A I U 160 R 20— A SRR )
(45), BRI SHMME 2 1AL PEAE S RECH 0.844, B B EEM L. RAHRIBIHHEILH S
MMM ZEA K, #B7E + 7 km-s~F 208, M 4c) FTLLE H, o 77 1 RES 30 o 0 A 2
+ 7km-s ', {HREAE MHD REGFEREST, v J5FEEIEN 0.

7E MHD RBEFWE AT, B5IREN. 2 J7 1 S R PR 3h B0 10 (4 5 W0 MR B S AR 7
(L 4): — IR d T k R, 57 mss & s ks 5 thah # B A s
FebE, F WS RE S A VS S O 1 AR BB OB AR SO, T SE BRI B 7 R EE A,
AR AT Rl FH BT R S B R

MVA ARAL % P K A8 T 5 (60 5 48 J7 100 Jeo 1035 FF SR 45 3+ 180 7 9 9% 110, Denskat A1
Burlaga™ FIF# %R 33 S HIERE 35 5 (080 K A4 11 0 Wi vk 1, 5 MVA 748
BB ) AR — B 7 A BE RUVE % 13 07 e 0 S 92 4 T, MIVA. T4 5 (0392 1) 5 ot 7 ¥4 1
fy3: 7 22 I f e F S TR 0.8° ~ 51.9°, T L MVA HiERHIE % k (A B BRI A H &
S AT R, EEET B, (W 2 #D WFEE B AR R, B
[ AL KR MR TRkt MVA 458 k 77 [R5 10 AR RTER faE RN ¢ , AR EEE By 5
k W9 0; B— %R R T o y 710 LIRZA 5 %07 ) ERE SRR A [
He A5 (BT R S, S B, R @) — (@), PRS0 S W AT E R,
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R SE SWIMER GRS EAE, B0 =63 +£1° ¢=95°+1°, MEE 2z HH
PR R AR 5 EE A 45%, BT R SCIERIE & EE N 55%, AE y 5 n) ARG A SR IE & EE
1%, BAJR ST & 99%, SEIELERNE 5 fis.

Theory
Obervation

-

g

4

< =

"% 72 1 1 1 _7 c%
05:10:23 05:10:55 05:11:27 05:11:59 05:12:31

i %)
FE: MRNESME (ULLRR t FoR), LLRRRING SWIA MBI (DL KR o FR). MR Bl A s A5 4% 7 1f
0= 63°. ¢ = 95°, = HABLNALAKSh4s, vy HRABEKAEKS) 4 s,
B 5 2014 £ 12 B 24 H 05:10:23—05:12:31 SWIA 25 5h A0 B i sh N {8 5 1R f 75 35 A0 ] /R STOR
EMEINNIBILERIXTEE

#2014 412 A 24 H 05:10:23—05:12:31, SWIA %5 B $ SR B 0 S0 00 A 5 Pt 75
BERIBT IR SO B N R B AE AT X b, 25 R 5 o, HA 0= 63°. ¢ = 95°, Uk
INf PR P U AR FE vy, = 48.87 kmes™'e MK Ba). d) WTLUE B FEIE A 2 J7 [l FE R
AR 5 A To 18 2 BUE L RAIALE AT G 13 R 4F. B 5b) o J7 [ FEHR B 2 il
BRI RS RN, KEWE (BEh) mfAaBsh4s, LR EEIE 2B EB e
EHREF. MVAJTIERE R k 5 R R & K 2 R AN 64.73° Bl 5¢) Hy
75 T3 PP 5 B A R SOk 51, BRSAE -5 A 2 1A A A 2R AL, P 2 A AL
%, B RBRELm AT 4, HBEIE 4 fFE5H85E i

P SCHTRE U B F B e ok S, AR OSBRI I sh A &5 88 R S 50 sh & AR 6 T
B NE 2 GRATH T EAREZESED, v WS, Bin A s & 85
SSHECRUEMR N (A KT 9.83%), i & MHD i BT 2R 1R I L& F-
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#* 2 BTREEESEHDEXSENREEN TR IUNE
ZH £/ =D O 7 vz 7 v Y D O 7
dn Jem™3 04049  0.0321 04049  0.0321
8B, /nT 0.470 1 0.096 7 0.4776 0.098 3
0By /nT 04776 0.098 3 0.470 1 0.096 7
0B, /nT 0.169 7 0.034 9 0.169 7 0.0349
Oy /(km-s_l) 3.060 7 0.008 2 3.113 5 0.008 3
Suy /(kms™) | 3.0960  0.0083  3.0429  0.0081
Sv, /(km-s™') | 0.6848  0.0018  0.6848  0.0018
W bhR “a” 6 =12.37° Al ¢ = 0° BIIIAIALNR R
EHF “b” H 0 =63° Al ¢ = 95° WHIIIAILAER Ro

5 B

MAVEN £R 88 75 K 2 5 8k e Wl (6 sz 10 30 2 B 4 2 0 Th R iz K AT 4
RIHRNE, 76 TR R T Yy W5 0 B IR AE IR 7 B AR i (L 3a)), %
FA LB BAT Fe e w AR AN~ T B RRAE (LI 3b) AT ), SR R B 1 [l i i
k. fEZFE, MAVEN BRI 2% BrULI (0 55 5 1A 50% B2 5 0308 FE e AR ¢ (LA
2, MHXRREN 0.99), KHXEERS SHAHINE 2.y 2 =770 BRI R R E 5
N —0.99. 0.86. 0.64, F-AFLEANLZ.

FR4E MHD RS I 310, 3% BEH B R0 180 B H 30 o] R WL i) 3% 48 id it =X (B)
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Abstract: Ion cyclotron waves are widely present upstream from the Martian bow shock,
with frequencies near the local proton cyclotron frequency in the spacecraft frame. The waves
propagate quasi-parallel to the background magnetic field, and are associated with the Solar
wind picking up newly-ionized hydrogen from the Martian exosphere. In this work, a typical
ion cyclotron wave event was observed by MAVEN upstream from the Martian bow shock.
The further MAV analysis results for this event show that the magnetic field perturbations
are left-handed polarized and propagate quasi-parallel (the propagation angle § = 12.37°)
to the background magnetic field. The relationship between the plasma perturbations and
magnetic field perturbations is theoretically derived for slow magnetosonic, Alfvén, and
fast magnetosonic waves based on the magnetohydrodynamic theory. If we take the wave
propagation angle § = 12.37° estimated from the MVA analysis, the theoretically expected
density perturbation and velocity perturbation along the background magnetic field are in
serious disagreement with the MAVEN data. Through fitting the plasma density fluctuation,
velocity fluctuation and magnetic field fluctuation, it is found that the ion cyclotron wave
event can be explained by the superposition of oblique fast magnetosonic waves with a
propagation angle of 63° relative to the background magnetic field and parallel propagating
Alfvén waves. The results are helpful to further understand the physical nature of the
observed ion cyclotron wave-related perturbations upstream from the Martian bow shock
and have guiding implications for the re-modeling and numerical simulation of the plasma

physical processes therein.

Key words: ion cyclotron wave; upstream from Mars; magnetohydrodynamics (MHD); fast

magnetosonic wave; Alfvén wave; slow magnetosonic wave
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