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Abstract In order to examine the influence of magnetic cloud’s expansion on its cylindrical flux
rope model. The parameter of MC of 15 typical magnetic clouds with Dst;, < —50nT during
1998—2003 are fitted by applying static and expanding flux rope models, the Multi-MC events and
the shock propagation in MC events are not take into account. It is found that the RMS deviations
of the fitting results by the expanding model are all less than or equal to those by the static model,
it is better than 30%. That the peak of the magnetic filed in MC is at the leading end in expanding
models, it is more consistence with the observations than static model. The inferred expansion speeds
of these magnetic clouds are consistent with previous statistical results that the expanding speed of
MC is at the order of backgoud Alfvén speed. Thus the expanding model matches much more to

observed magnetic clouds than the static model. Some differences of the fitted magnetic clouds’
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parameters between the two models are analyzed.
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Table 1 Observation parameters and the fit parameters of magnetic cloud
No. 1 2 3 4 5 6 7 8
Date 1998-08-27 1998-10-19 1998-11-9—10 1998-11-13—14 1999-4-16—17 2000-8-10—11 2000-8-12—13 2000-10-13—14
tpe (UT) 0712—1812 0554—1418 0406—2530 0430—3042 2206—4300 1918—4206 0512—2500 1648—2924
ni/(cm-h™3) 3.5 5.0 9.2 12.5 13.4 3.0 9.0 4.3
At/h 11 10.4 21.4 26.2 20.9 22.8 19.8 12.6
H -1 -1 1 1 -1 —1 —1 1
B¢/nT 22.29 25.86/27.78 17.90/18.54 24.18 25.41/25.82 15.54/15.89 30.00/30.89 13.63
Orme —15 —-53/ —50  —51/—51 -35 —36/ -39 —69/—59  —13/ —12 13
bme 9 283/265 52/62 82 102/105 37/37 82/77 111
ta/h 4.8 1.4/0.7 4.2/4.7 8.6 30.7/29.8 26.4/24.9 4.5/4.1 10.9
Rmc/h 5.0 12.8/13.7 15.9/13.0 13.9 11.8/11.7 28.2/24.9 14.1/13.2 14.6
D —0.70 —0.13/ — 0.29 —0.03/ — 0.05 —0.15 —0.44/ — 0.43 —0.36/ — 0.45 —0.17/ — 0.20 0.06
vg/(km-s"1) 655 444 485 417 449 469 636 441
Vex/(km-s™ 1) <0.5 1.37 19.9 <0.5 30.0 1.88 19.7 <0.5
(0.0031) (0.041) (0.0668) (0.004) (0.031)
(N 18.1 13.0 58.6 23.1 32.5 27.4 69.6 14.7
X2 1.242 1.647/1.444 1.562/1.385 1.198 1.295/1.219 1.657/1.582 1.593/1.482 2.181
A — 12% 11% — 6% 5% 7% —
No. 9 10 11 12 13 14 15
Date 2000-10-28 29 2000-11-6 7 2001-3-19 21 2001-4-21 23 2002-4-18 19 2003-3-20 2003-11-20 21
thf (UT) 2300—4618 2230—4106 2324—7012 2342—4718 0100—2554 1230—2230 1006—2424
ni/(cm-h™3) 4.3 4.4 6.3 9.9 1.8 2.0 13.4
At/h 23.3 18.6 46.8 23.4 24.8 10.0 14.3
H -1 -1 -1 -1 1 -1 1
B¢ /nT 18.24/21.78 24.42/24.59 18.14/19.14 14.54/14.74 21.33 16.76/16.79 54.43/58.30
Ormc —37/—25 25/24 —53/ — 59 —33/ — 42 —18 —50/ — 52 —61/ — 46
bme 158/164 115/117 137/115 224/205 192 256/258 107/129
ta/h 16.9/14.5 37.4/37.7 46.0/42.9 35.8/34.1 1.8 11.2/12.9 14.0/14.1
Rume/h 21.3/12.9 10.7/10.8 24.8/23.8 11.6/12.4 5.6 15.4/11.0 4.9/4.2
D 0.35/0.51 0.15/0.18  0.12/ — 0.16 —0.26/ — 0.36 0.70 0.67/0.67  —0.04/ — 0.17
vg/(km-s™1) 417 584 395 394 525 715 645
Vex /(km-s™1) 27.9 0.584 71.18 4.67 <0.5 7.15 43.9
(0.068) (0.001) (0.18) (0.0119) (0.01) (0.0684)
vA 26.4 22.43 13.9 8.8 26.1 27.1 29.3
Xz 1.563/1.091 1.498/1.456 1.416/1.113 0.792/0.622 0.421 0.560/0.558 1.055/0.886
A 30% 3% 21% 21% — 0.3% 16%
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Fig.3 Comparison between the static model and the expanding model for the Oct. 28—29, 2000 event
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Fig.4 Comparison between the static model and the expanding model of the Mar. 19—21, 2001 event
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Fig.5 Correlation between the magnetic cloud parameter with expanding speed, ¢ denote the correlation coefficient

and the p shows the probability

FEASCBRIGOL. X RUTIAE S IF 0 %5 B [5
ik R R HEF).

B PN ERUAGE B2 NASA 9 ACE 6
WA, Dt HEHOR LT H A S R R B R
S,

(7]
B2
[1] Gosling J T, McComas S J, Phillips J L et al. Counter- [8]
streaming solar wind halo electron events — solar cycle
variations. J. Geophys. Res., 1992, 97:6531~6535
[2] Cane H V, Richardson I G, Wibberenz G. Helios 1 and 2 [9]

observations of particle decreases, ejecta, and magnetic

Lopez R E, Freeman J W. Solar wind proton
temperature-velocity relationship. J. Geophys. Res.,
1986, 91:1701~1705

Richardson I G, Cane H V. Identification of interplane-
tary coronal mass ejections at 1 AU using multiple solar
wind plasma composition anomalies. J. Geophys. Res.,
2004, 109:A09104

Lepping R P, Jones J A, Burlaga L F. Magnetic field
structure of interplanetary magnetic clouds as 1 AU. J.
Geophys. Res., 1990, 95:11957~11965

Marubashi K. Interplanetary magnetic flux ropes and
solar filaments. In: Crooker N et aled. Geophys. Mono-
gor. Ser. , AGU, 1997. 147~156

Klein L W, Burlaga L F. Interplanetary magnetic clouds
at 1AU. J. Geophys. Res., 1982, 87:613~624

clouds. J. Geophys. Res., 1997, 102:7075~7086 [10] Wang C, Du D, Richardson J D. Characteristics of

[3] Burlaga L, Sittler E, Mariani F et al. Magnetic loop be-
hind an interplanetary shock: Voyager, Helios and IMP
8 observations. J. Geophys. Res., 1981, 86:6673~6683

[4

proton temperature in the solar wind (1965—1991) and
their association with ejecta. J. Geophys. Res., 1995,
100:23 397~23412

the interplanetary coronal mass ejections in the helio-
sphere between 0.3 and 5.4 AU. J. Geophys. Res., 2005,
110:A10107

Richardson I G, Cane H V. Regions of abnormally low [11] Farrugia C J, Osherovich V A, Burlaga L F et al. Mag-

netic flux rope versus the spheromak as models for in-
terplanetary magnetic clouds. J. Geophys. Res., 1995,
100:12293~12 306



278

(12]

(13]

(14]

(15]

[16]

(17]

(18]

19]

Osherovich V A, Farrugia C J, Burlaga L F. The nonlin-
ear evolution of magnetic flux ropes, 1, low-beta limit.
J. Geophys. Res., 1993, 98:13225~13 231

Osherovich V A, Farrugia C J, Burlaga L F. Dynam-
ics of aging magnetic clouds. Adv. Space Res., 1993,
13:57~62

Osherovich V A, Farrugia C J, Burlaga L F. The non-
linear evolution of magnetic flux ropes, 2, finite beta
plasma. J. Geophys. Res., 1995, 100:12307~12 318
Goldstein H. On the field configuration in magnetic
clouds, in Solar Wind Five. NASA Con. Pub., 1983,
2280:731~733

Burlaga L F. Magnetic clouds and force-free field with
constant Alpha. J. Geophys. Res., 1988, 93:7217~7224
Farrugia C J, Richardson I G, Burlaga L F. Simultaneous
observations of Solar MeV particles in a magnetic cloud
and in the Earth’s northern tail lobe: Implications for
the global field lines topology of magnetic clouds and
entry of solar particles into the tail lobe during cloud
passage. J. Geophys. Res., 1993, 98:15497~15507
Chen J, Garren D A. Interplanetary magnetic clouds:
Topology and driving mechanism. Geophys. Res. Lett.,
1993, 20:2319~2322

Kumar A, Rust D M. Interplanetary magnetic clouds,

[20]

(1]

[22]

(23]

(24]

28]

[26]

Chin. J. Space Sci. FlEAFFFIR 2007, 27(4)

helicity conservation, and current-core flux-ropes. J.
Geophys. Res., 1996, 101:15667~15684

Hidalgo M A, Cid C, Medina J et al. A new model for
the topology of magnetic clouds in the solar wind. Solar
Phys., 2000, 194:165~174

Marquardt D. An algorithm for least-squares estimation
of nonlinear parameters. J. Soc. Ind. App. Math.,
1963, 11: 431~441

Wang Y M, Wang S, Ye P Z. Multiple magnetic clouds in
interplanetary space. Solar Phys., 2002, 211:333~344
Wang Y M, Ye P Z, Wang S. Multiple magnetic clouds:
Several examples during March — April, 2001. J. Geo-
phys. Res., 2003, 108(A10):SSH6-1

Wang Y M, Ye P Z, Wang S, Xue X H. An interplan-
etary cause of large geomagnetic storms: Fast forward
shock overtaking preceding magnetic cloud. Geophys.
Res. Lett., 2003, 30(13):1700~1703

Wang Y M, Ye P Z, Wang S, Xiong M. Theoretical anal-
ysis on the geoeffectiveness of a shock overtaking a pre-
ceding magnetic cloud. Solar Phys., 2003, 216:295~310
Lepping R P, Berdichevsky D B, Ferguson T J et al. Es-
timated errors in magnetic cloud model fit parameters
with force-free cylindrically symmetric assumptions. J.
Geophys. Res., 2003, 108:SSH1-1



