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Multiple magnetic clouds in interplanetary space:
A review and perspective

WANG Yuming

(School of Earth and Space Sciences, University of Science and Technology of China, Hefei 230026, China)

Abstract: Multiple magnetic clouds are a particular complex structure in interplanetary space. They are
formed due to the chase and interaction between successive coronal mass ejections (CME), and thought to
be significantly geoeffective. The multiple-magnetic-cloud structure was first reported in 2002, and lots of
relevant research has been carried out since. This paper gives a brief review of research on multiple
magnetic clouds, in which the following issues are addressed. D What is the magnetic cloud? @ What is
the multiple-magnetic-cloud structure? @ Why do we study the multiple-magnetic-cloud structure?
@ What is the challenge?
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WIND Observation (2000-11-25~2000-11-28)
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From the top to the bottom, the panels show the magnetic field strength, the three components

of magnetic field in GSM coordinates, solar wind speed, number density and proton temperature.

The intervals of magnetic clouds are marked by four vertical dashed lines
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Fig. 6 In-situ observations from Wind spacecraft-'*-
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ACE Observations during 2001-03-30~2001-04-01(in GSM)
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From the top to the bottom, the panels show the magnetic field strength, the elevation
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solar wind speeds number density, proton temperature,proton 3 s the ratio of aparticles to protons and Dst index.

The vertical dashed lines mark the two magnetic clouds and the interacting region in between
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Fig.7 In-situ observations from ACE spacecraf

REA UL o A2, Y R U B AR A R & LA
B 14 Jo 3 Rk 5 045 S T R KR AL A 4
Fy. AT E C M D A kAR, # L BEA B 8o Bt
W — A2 S5 A SR X 22 G 2 ) A R A TG
AT 24 O S I A 1% 2 64 ik R BOrE
—AFTE N @ ENBA MR B BRI S; OF B
HA —A> CME X Rz, 1 % 5 1 $2 21 i) 2 7 =

t’l”

FAF XS AFAETE I AR 2.

5 — R B — R = BT BEAF AR 2 od
B CRN AR BEAE Hu S0V R IR IS T 4 GS R
LB =W 2 )5 R B A ATRERY. 9 J2 I
AR B — A5, BT B 45 R R %R = A
AW . B A AL AT AT LAARLR A SR UL
A E M 58 A T REIC 5% 2 il AN AH X ST Y



b
ol
&

FERZR S EHEHTRERD 409

From the different observational paths, the resultant
one-dimensional observations are different
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Fig. 8 Magnetic cloud structure given by a three-dimensional

MHD numerical simulation**-
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Fig. 11 Current sheet and magnetic field reconnection region observed by both ACE and Wind spacecraft (a), and

schematic plot of the positions of spacecraft, current sheet and magnetic field reconnection region

in the multiple-magnetic-cloud structure (b)-**!
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Wind Waves RAD2 receiver: 2000-06-10
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Fig. 12 Radio burst emitted during the interaction between
a shock and a magnetic cloud, which was recorded

by Waves instrument on board Wind spacecraft**!

GRS UNIESI R

KRR CME B9 H B R 78 H
A B A i S % B X AE CME 5 1 2 X R ¢
ZIHF5E . CME (1 3% — X 38 31 55 % 1 R 2 114 06—
BB — E ANk, 7E 1972~2005 4E (1) 33 4F 1 AL A
10 YR = 5 L 21 25 H JE 0 5% 88 4. 2 A4 R
PR 3 I — B4, 3 T B T 22 A L of ik — 2 B 5

3 BEHMAHNZTERSUN

Wl = A B #5741 1 B, DX [R] 2 b 2 19 32 224 5
A [ B RS R 2 5 7 9K 3l A 3 0 S AR = 2 5k 1Y)
B, L B8N AT LR, 0 K FH = BB KL (SEP) A
() — A~ FZ IR 2 5. b R R RN AR ORL T T R A
BN 58 I 28 8] R SR . £ T WG = 22 (8] i A
YERT S BOm 200 Fe i o AT s 75 3K 26 2 ] K SR00
Pt — 2K,
3.1 BEMEE

4 b G 48 AL Dst<<—30 n'T B}, TATHLIN 7 2k
T HLRE B Dst<<—200 n'T B ML % 5 B FR 0 4 K H
i 7 T R R R R R Y P A 5 AT R B 2 )
WA B BVILR, Ho KB RGE B o FIAT A2 B
Yir a4y B, e oy N R B G T R
B, Dst A KNS BT FB oB, M K. fE 51T
FEM SR [, Wang 55U i — 25 0 M1 T W = 1 3
JE 45 I B MR sk A8 4. B 13 23T 105 AN/ —
50 nT WML #E 2 O SE it 45 R, KB oB, 5 RS20 [A]
At SR E R BOE XA TG 5 Dst A (E A 56 M 5

0 e T T T LR
CC=-0.9528

=100

£ -200

Dsty, /nT

=300

—4000'
(CCAR T
The correlation coefficient could be as high as 95%
13 SitBANEREREESTERSHNESE"
Fig. 13 Correlation between the interplanetary parameters

and the intensity of geomagnetic storms-'*

U XA ARE R BE— 2 A R S — B B, X
V1) 5 T 45— A 6, 2 P BB 51 1 s 2% 6% T2 E 1 o
ZJFORKY 1. 7 A5, 2 H 0 2 188 ORI A i 78 AR
A 5 Z A e 46 5 DR I R A ) il % 9 4 B

1E Wang ZEV I HFSE 9 2001 4E 3~4 H Y 3
K2 B REz F AR h A PIIR A 5E BT — 387 nT
F—271 n'T B8 5 b 4 5 . 3 26 1 4 2% 109 7 A 4T 02
T # = = R 46 JE B 58 B, XA AEFE. BR T E
LY LK) 22 TG 2= B K0 A  FE SO0 B R 2 o R
JIT I B 1) R 4 XAl 2 i s 2 110 T 2 4R B . TR 14
RIS Wang 2559 % B0 — U 0% 2 BORE = 19
Feff. BT B 0 R A AR s R B, R R
HHIZ—10 n'T FIZIHE 2= —80 n'T, I3k 1M i AL T
—292 n'T BY#A5RHIBE 5. XK MR B2 A 481145 SR
F AR K — 3 43 18 58 Ml % 5 0 S22 Hh 2 TR o 5
L) 1 52 2y S5 45 v O s i T
3.2 #B3E SEP E#

SEP HAEX] T AT A 1L 2 B A R B . K it
FRIRIF ST 2 B ¥ 39 20 1) SEP = 1 4 Rk 22 B0 H i
PR R R I O X AT R B S ) B R R AR AN A A
T4t~ AL 3R B 7E T8 @ AR R T 1Y
R U VO s AR HURL T R I B T £
DRI 2R, QN I 1 5 L T A R 14 RTS8 A
KL F 190 45 58 L LA SORE T s o B e A B AL
ST T 30 R 37 ) 9 ik D R ) A S T A A B R
Yt AN a5 K (5 . AEAE W) A 35 SR 88 R . CME 1938



412 T EAFHERKFFR

F 44 %

Complex Structure

120

B/nT
(=)
(=]

overlap

ejecla (MC?)

11 I 11

B./nT

a/(°)

#/()

Dst/nT
LR
(=]
(=]

(
|

T/(10°K)

Z IIII

WIND Data

Liil]

WIND Da_ta

B

é

Nov.6

12 Nov.7 12

time / UT

From the top to the bottom, the panels show the magnetic field strength, the z-component of magnetic field

in GSM coordinates, the elevation and azimuthal angles of magnetic field vector, Dst index, proton temperature and §.

The vertical solid line mark the position of the shock front
14 ACE #1 Wind ZER MBI — R MK F RN EF
Fig. 14 An event of a shock propagating through a magnetic cloud observed by ACE and Wind spacecraft-**-
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It is the same event in Fig.14. The last two panels
show the fluxes of energetic protons recorded at 1
AU, which are enhanced within the magnetic cloud.

(a)

Compared with the event on the left, the fluxes
of energetic protons are relatively low within
the magnetic cloud

(b)
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Fig. 15 An event of a shock propagating through a magnetic cloud observed

by ACE spacecraft during November 5~6, 2001-%- (a), and

an isolated magnetic cloud observed by ACE spacecraft during July 15~16., 2000 (b)
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