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Abstract

As a consequence of coronal mass ejections (CMEs) and an important cause of moder-

ate and intense non-recurrent geomagnetic storms, Interplanetary magnetic clouds (MCs)

play an pivotal role in space weather research. To further study the interplanetary

magnetic clouds and their associated events is meaningful and valuable to understand

the solar-terrestrial physical processes and improve the prediction level of geomagnetic

storms. On the basis of the observations of the Sun and the interplanetary medium, the

following three aspects are studied observationally and theoretically:

1. The relationship between the CMEs, interplanetary disturbances and

geomagnetic storms

According to the observations by the Large Angle Spectroscopic Coronagraph

(LASCO) and the Extreme Ultraviolet Imaging Telescope (EIT) on board of the So-

lar and Heliospheric Observatory (SOHO), a total of 132 front-side halo CMEs from

March 1997 to December 2000 are identified. Among these CMEs, 45%(59/132) of them

are geoeffective (or Earth-directed) and produced 36 moderate geomagnetic storms and

15 intense storms. The observations about X-ray flares by the Geosynchronous Oper-

ational Environment Satellites (GOES) show that the ratio of the Earth-directed halo

CMEs associated with X-ray flares (class ≥ C) to the all Earth-directed halo CMEs is

higher than that of the all front-side halo CMEs. The ratio becomes larger year by year
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from 1997 to 2000, and especially in 2000 (approaching the solar maximum), the ratio

almost reaches 100%. As for the 15 events associated with Kp ≥ 7 intense geomag-

netic storms, the relationship between the transit time from the Sun to the Earth of

the corresponding CMEs and the initial projected speed of them approximately meets

with an empirical formula: Tau = 27.98 + 2.11×104

V
(hours), which has a good correlation

coefficient of 0.87. Moreover, by analyze 12 interplanetary southward magnetic field (Bs)

events, it is found that only two events are relative to the corotating interaction regions

(CIRs) and 11 events are relative to CMEs. Ten of these eleven events associated with

the CMEs created the intense geomagnetic storms with Dstmin ≤ −100 nT. The results

confirm that the CMEs are the main producer of large geomagnetic storms during solar

maximum.

The source distribution of above 59 Earth-directed halo CMEs on the solar disk is

east-west (E–W) asymmetrical. The number of the Earth-directed halo CMEs occurring

on the west is larger than that on the east by 57%, and such CME can be expected at

W70◦ approximately but can not be found out of E40◦. By further studying 73 Earth-

encountered front-side halo CMEs (EFHCMEs) during 1997–2001, such E–W asymmetry

in their source distribution is also found. The E–W asymmetry is relative to the transit

speed of EFHCMEs from the Sun to the Earth. As for the EFHCMEs propagating faster

than the background solar wind, their source distribution shifts to the west hemisphere,

and the west CMEs are in the majority. On the contrary, as for the EFHCMEs propa-

gating slower than the background solar wind, their source distribution shifts to the east

hemisphere, and the east CMEs are in the majority. This phenomena can be explained

in terms of the influence of the Parker spiral interplanetary magnetic fields on the CME’s

propagation.

Mid-term quasi-periodicities in CMEs during the most recent solar maximum cycle
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23 are reported for the first time using the four-year data (February 5, 1999 to February

10, 2003) of LASCO/SOHO. In parallel, mid-term quasi-periodicities in solar X-ray

flares (class ≥M5.0) from the GOES and in daily averages of Ap index for geomagnetic

disturbances from the World Data Center (WDC) at the International Association for

Geomagnetism and Aeronomy (IAGA) are also examined for the same four-year time

span. By Fourier and Morlet wavelet power spectral analyses, the CME, X-ray flare and

Ap data all appear to contain significant power peaks at some periods. The X-ray solar

flares show the familiar Rieger-type quasi-periods at ∼ 157 ± 11, ∼ 122 ± 5, ∼ 98 ± 3

days and shorter ones until ∼ 34 ± 0.5 days. The CMEs with period of ∼ 272 ± 26

days may be correlated with the flares with period of ∼ 259± 24 days. The CMEs with

periods of ∼ 272 ± 26 and ∼ 196 ± 13 days may be responsible for the geomagnetic

disturbances with periods of ∼ 273±26 and ∼ 187±12 days. Especially the peak at the

second period of ∼ 187 ± 12 days in Ap data is very significant, which indicates CMEs

are the main source of geomagnetic storms in the solar maximum. The geomagnetic

disturbances with periods of ∼ 91± 5 and ∼ 61± 2 days may be due to the flares with

periods of ∼ 98± 3 and ∼ 64± 2 days, which implies that parts of geomagnetic storms

are created by large X-ray flares. In addition, the ∼ 28 ± 0.6-day periodicity in Ap

data is most likely caused by recurrent high-speed solar winds from the coronal holes at

the Earth’s magnetosphere. Several conceptual aspects of possible equatorially trapped

Rossby-type waves at and beneath the solar photosphere may be responsible for such

mid-term quasi-periodicities.

By using interplanetary magnetic field data and plasma data from the ACE and

Wind spacecraft during 1998–2001, the relationship between interplanetary parameters

and geomagnetic storm’s intensity is studied. A new criteria of interplanetary parameters

causing geomagnetic storms is found. For moderate storms with Dstmin ≤ −50 nT, the

threshold values are Bs ≥ 3 nT, −V Bz ≥ 1 mV/m and ∆t ≥ 1 hour; for intense storms
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with Dstmin ≤ −100 nT, the threshold values are Bs ≥ 6 nT, −V Bz ≥ 3 mV/m and

∆t ≥ 2 hours. The importance of −V Bz is much greater than that of ∆t in creating

storms, and a long duration is not very helpful to further enhance a storm’s intensity. An

empirical formula: Dstmin = −19.01− 8.43(−V Bz)
1.09(∆t)0.30 (nT) with the correlation

coefficient of 0.95 is found. From the formula, one can conclude that a compressed

southward magnetic fields have a more intense geoeffectiveness. Assuming the magnetic

flux Φ = −V Bz∆t = constant, if ∆t is shortened to a half, and −V Bz enhances 1 time

accordingly, the value of (Dstmin + 19.01) is therefore 1.73 times its original value.

2. The interplanetary multiple magnetic clouds (Multi-MCs)

During the solar maximum, the rate of CMEs’ occurrence is ∼ 3.5 per day. Therefore

a complex structure in interplanetary space can be expected due to such high frequent

explosions from the Sun. Multiple magnetic cloud, one special kind of the interplanetary

complex structure, is proposed firstly according to the observations, and a theoretical

model is developed to describe it. It is found that the configuration of Multi-MC relies on

many factors, such as the number of the sub-clouds, the field strength of each sub-cloud,

the sign of each sub-cloud’s helicity, the orientation of each sub-cloud’s axis, and so on.

Further, the existence of Multi-MC is confirmed by analyses of March 3–5, March 31

and April 10–13, 2001 events.

Multi-MC is different from other interplanetary complex structures. It has the fol-

lowing five characteristics: (1) it only consists of several magnetic clouds and interacting

regions between them; (2) each sub-cloud in Multi-MC is primarily satisfied with the

criteria of isolated magnetic cloud except that the proton temperature is not as low as

that in typical magnetic cloud due to the compression between the sub-clouds; (3) the

speed of solar wind at the rear part of the front sub-cloud does not continuously decrease,

rather increases because of the overtaking of the following sub-cloud; (4) inside the in-
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teracting region between the sub-clouds, the magnetic field becomes less regular and its

strength decreases obviously, and (5) β value increases to a high level in the interacting

region. Due to the compression between the sub-clouds, each sub-cloud is much smaller

than the typical isolated magnetic cloud. In three cases, two Multi-MCs are associated

with the great geomagnetic storms (Dst ≤ −200 nT). The observational results imply

that Multi-MC has a strong geoeffectiveness generally and is possibly another type of

the interplanetary origin of large geomagnetic storms.

In addition, the characteristics and propagation of double-MC are numerically studied

by using fractional step scheme. The simulation results are consistent with the observa-

tions approximately. The double-MC with the leading cloud’s initial speed of 400 km/s

and the following cloud’s initial speed of 600 km/s arrives at 1 AU after ∼ 72 hours. It

has a double-peak structure in magnetic field, Bz has two fluctuations within the double-

MC, the solar wind speed decreases continuously, and the temperature is low within the

two sub-clouds. Between the two sub-clouds, the magnetic field strength reaches the

minimum, and β increases to a relatively high value. The sub-clouds in the double-MC

are all smaller than the isolated cloud, which suggests that the compression between the

sub-clouds largely limits the expansion of them.

3. The phenomena of shock overtaking preceding magnetic cloud

Two events of shock overtaking preceding magnetic cloud in October 2000 and

November 2001 respectively are reported. Commonly, the shock can not propagate within

the low β magnetic cloud. However, in these two events, the shocks both advanced into

the clouds and caused the large geomagnetic storms. These observations suggest that a

shock can propagate and penetrate the low β cloud as long as its speed is large enough.

The Oct. 2000 event produced a large geomagnetic storm with Dstmin = −175 nT,

and the Nov. 2001 event created a great storm with Dstmin = −292 nT. These results
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suggest that shock overtaking preceding magnetic cloud and advancing into it is also one

important interplanetary cause of large geomagnetic storms.

To analyze the geoeffectiveness of shock overtaking preceding magnetic cloud, a sim-

ple theoretical model is developed by applying the flux rope model and the assumption

of exactly perpendicular shock. The result suggests that the geomagnetic disturbance is

the strongest when the shock arrives the distance of 0.86R0 from the cloud’s center if the

central magnetic field strength of the cloud is 20 nT and the following shock speed is 550

km/s. When the shock speed increases, such depth also increases, and the geomagnetic

disturbance enhances accordingly. Moreover, the depths respectively corresponding to

the peak of geomagnetic index Dst, interplanetary southward magnetic field Bs and

−V Bz (i.e., ∆t) are different, though the existence of Bs is a necessary condition in

causing geomagnetic storms.
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1.1.1 Vã
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ã 1.1 kXn©þ(��;.CME"

�Yohkoh!SOHO!Ulysses!Wind!ACE �¥(þ�¤ì����
�þ�CME*

ÿ]�"30õc5§<�l*ÿþ§nØþÚê��[þéCME?1
�¡�ïÄ

[Howard et al., 1982, 1985; Hundhausen, 1988, 1993; Gosling , 1990, 1996, 1997; Wolfson

and Low , 1992; Low , 1997; St. Cyr et al., 1999, 2000; Webb et al., 2000; Gopalswamy et

al., 2000; Wang et al., 2002b]"L�<�@������/^���)kX��éX§

y3KÊH@�CMEâ´/^�§cÙ´¥�±þ��y5/^��Ì�åÏ

[Sheeley, Jr. et al., 1985; Gosling et al., 1991; Gosling , 1993; Cane, 1997]"

CME´�«�ºÝy�§§äkõ«/�";.�CMEdnÜ©|¤ [Illing and

Hundhausen, 1985; Hundhausen, 1988]µ��	�!V��nÚ���SØ"	�ä

kc÷Ú��§²þ��X1015 ∼ 1016g�Ô��	$Ä§Ùv:Ä�þ uF¡�½

 �"Vn´k�r^|�$�Ý«�¶nS�ØÏ~´²þ�k1014g�lfN�

�uF`Ô�£Xã1.1¤«¤"�g;.�CMEò�1023Maxwell�^ÏþÚ1016g�

�lfN���1(S�m [Gosling , 1990; Webb et al., 1994]"��V��9>f6
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[Gosling et al., 1987]!pU�f [Marsden et al., 1987]!±lf´ÝO\ [Borrini et al.,

1982; Neugebauer and Goldstein, 1997]!r^| [Burlaga and King , 1979]!$��f§

ÝÚβ£�f9Ø�^Ø�'�¤ [Richardson and Cane, 1995]!ØÏ~�>lG�

[Bame et al., 1979; Schwenn et al., 1980]��Ñ´3��º�lfN¥*ÿ�CME�y

â"

1.1.2 x1F�¤*ÿ

CMEÑy�ª�§Ý���¹Ärf���'"3��¹Ä$c§����

þCME�ÑyÇ�zU0.2g§�Ì�Ñy3^»�NC�$F¥��Ý?¶

3��¹Äpc²þ��zU3.5g¿�ò��p�«�u) [Webb and Howard ,

1994]"CME3�Ý���Ð°�Ý²þk45◦ [Hundhausen, 1993]§3²Ý��

þ�Ð°J±��(½§�dÔ���±��*ÿ]��O��180◦§$��

�[McAllister et al., 1996]"�âSOHO¥(þ�x1F�¤£LASCO¤�*ÿ]�§

�CME3LASCOÀ�¥��°Ý�L130◦ [Hudson et al., 1998]£�k�ö��120◦

[St. Cyr et al., 2000] ½140◦ [Cane et al., 2000; Webb et al., 2000]¤�§<�¡��'

G£halo¤CME£Xã1.2¤«¤"ùaCME  ´3F/ë����þDÂ [Howard

et al., 1982]§k�Uu)3���¡£backside¤§�l/¥$Ä§�k�Uu)3�

�F¡£frontside¤§�X/¥��$Ä"éu�öÒ�¡�é/F�Ô���"d

u§��/5§�õê��CF¡¥%���¹Ä��)�é/CMEu)�3 ∼ 5U

£$��á�m¤S§31(S�mk-ÅÚ^��)§3/¥þk¥�±þrÝ�

/^��u [Webb et al., 2000; Cane et al., 2000; Gopalswamy et al., 2000]"�´duù

aCMEkXr��/¥Ôn�A§´K��mUí�Ì�Ï���§lÉ�<��

2�'5"

3CF¡NC§CME�À�Ý£ý¢�Ý3U�²¡�ÝK¤�±350 ∼ 2000

km/s�°2��S [Hundhausen et al., 1994]"�du§�CMEý¢���Ý��É§
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ã 1.2 'G£halo¤CME�running differenceã�"

Ã{�*/�NCME3�m¥�DÂ�¹"�C§Michalek �< [2003] Ò|^I�

.ÏLCME3LASCOÀ�¥�Øé¡55�OÙ$1�ý¢�Ý§l5�Ð�£

ãCME�¢S�¹",	§ÚOïÄL² [Gopalswamy et al., 2000]§$��CME31

(S�m$ÄL§¥¬�\�§p��CME3$ÄL§¥¬�~�"31AU?§1

(SCME£ICME¤�$1�ÝÊH©Ù3450km/s�m��Ä�«mS"|^{ü

�²�úª§�±ý�CME��1AU?��m [Gopalswamy et al., 2001a,b]"

1.1.3 �b	Åã*ÿ

LASCO*ÿ��´CME3��	F�«£1.1 ∼ 32.0R¯¤�ã�§SOHO¥(

þ��b	¤�"�º£EIT¤§K�±��F¡NC§CMEå©Ú@Ï�üz]

� [Dere et al., 1997; Thompson et al., 1998]"Ù¥EIT195Å�*ÿ]�����§§

*ÿ�´§Ý�1.5 × 106K§�Ò´éAuF�.Ü§ù�����¹Ä�¹£X

ã1.3¤"CME�u)kNõF¡*ÿA�"�Ü©�CMEÑ��k�� [Wang et

al., 2002b; Zhou et al., 2003]"3�mþ§��Ï~u)3CME�u�� [Harrison,

1991]§�§��mk
�o�p�^ÚK�¿Ø�Ù"¦+�g���¤º��Uþ
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ã 1.3 EIT195Å*ÿã�"

��gCME¤���Uþ��§��éuCME5`§§��mºÝ���õ§��

�@�ùa�����u)3CME���v:NC"��±þ�CME��kF`�

u [Subramanian and Dere, 2001]§Ù«  ¬ÑyV���£two-ribbon flares¤"

éu�¹Ä«F`�u��)�CME§¹Ä«�;.Æ·�6 ∼ 7��¶éuÃF

`�u�¹Ä«CME§¹Ä«�Æ·�11 ∼ 80U§���k�I�6 ∼ 7�����

ºÝ^2yÚ^é� [Subramanian and Dere, 2001]"ùa�kF`�u�CME§  

¬31(S�m¥/¤^� [Wilson and Hildner , 1984, 1986; Rust , 1994; Bothmer and

Schwenn, 1994, 1998]"

d	§EIT195Å�*ÿw«§CME�~~��kV«£dimming region¤!EITÅ

�y� [e.g., Thompson et al., 1998, 1999]"ã1.4w«
�g;.�EITÅÄ�üzL

§§§lCME�«Ñu§�o±DÂ"<�@�V«´duCMEÚå��«Ô

�º�¤E¤�§éu�o´EITÅ§K�ké���Æ"3Nõ���u¹ÄÏ

m§ÏLHαã��±*ÿ�Ú¥�MoretonÅ�DÂ§§�@�´DÂ3F�¥�
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ã 1.4 EIT195Å*ÿ��1997c5�12FCME���EITÅÄ�running differenceã�"

¯�MHD-Å3Ú¥��è, [Dodson and Hedeman, 1968; Zirin and Lackner , 1969;

Uchida et al., 1973; Uchida, 1974]"Uì¯ÅnØ§EITÅ��ÝAT�uMoretonÅ�

DÂ�Ý"�¯¢TT��§¢S�*ÿL²§EITÅ�DÂ�Ý�200 ∼ 400km/s§

��uMoretonÅ�DÂ�Ý500 ∼ 2000km/s"XÛ)ºù�y�´��4L]Ô5

��K"

1.1.4 ^X��*ÿ

Yohkoh¥(�*ÿÓ�Jø
pF�«��¹Ä��¹§§���^X��"�

º�±���p§Ý��S£≥ 2.0 ∼ 3.0MK¤��F�ÄåÆã� [Tsuneta et al.,

1991]"*ÿL²§��Ü©��Ô�3Ù�	$ÄÏmU
3X��Åã�&ÿ�§

�  F�«¬Ñy����X��Ë�~f [Sterling and Hudson, 1997]§ù«y

�é�U´d)ä½��E¤��Ýü$Úå� [Hudson et al., 1996]"�õê��

��Ô�5gu��cS/¹Ä«(�à:�ü�«�NC£ã1.5¤§ù«SG¹Ä

«X���X(�´é/CMEF¡«����ÊH�A� [Hudson et al., 1998]"

3CME�u�§ù
�)���¬±��ð½��Ç�þ$Ä [Svestka, 1996]"*ÿ

�uy§ÃØ´���]CO��´���§ÑÊH�¹k�£cusp¤(� [Sterling

and Hudson, 1997]§=���-Y./�þàm�§eàµ4�^|(�£ã1.5¤"
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ã 1.5 Yohkoh¥(�^X��*ÿã�"

ù�´�²1�m|^å�é°Ä���nØ�.¤�¦�Ä�^| /"ã1.6w

«
2000c9�4F��gw·V^�u¯�"30610UT��]CO�§Ñyk�(

�§/¤�-Y./"0723UT�úú¡E§¿3.Ü/¤ÿG(�§�)V���"

1.1.5 �>*ÿ

Ó�§ÏL�>Åã*ÿ�U��CME���ã�"Xã1.7w«�

´2001c4�18F��gCME§�±�OÙc÷���Ý�2000km/s§CME¥S

Ø���Ý��1600km/s"
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ã 1.6 Yohkoh¥(�^X��"�º*ÿ���g�u¯�"

,��¡§CME31(S�m¥�¯�$Ä¬¦Ùc�°Ä��-Å§§�±

\�>f§?�)II.�>�£ã1.8¤"Cane�< [1987]�Ñ¤k�)II.�>

�u�1(S-ÅÑ�CME�'§��kII.¯��CME��ã�ì�§Ù-

Å�Ç3500km/s±þ"duII.�>�ªÇ�«Û�>f�lfNªÇfp½Ù

�ÅªÇ2fp§�±dII.�>�u�*ÿ]��íÙ«�Ôn5�ÚÄåÆA

� [Reiner et al., 1998]"1997c1�8F–11FWind�E±91�8FÚ12–14FUlysses�

E£å��4.73AU§3F¥�ÝN18.7◦!���ÝN25.6◦!/¥�W45.1◦?¤�*

ÿ�ªÇ�196kHz�II.�>u�§�âWindÚUlyssesÓ��*ÿ]�§=�(½

�>«�n� �"ù
II.u�åu1�6FCME°Ä-Å��=�p�^«

£CIR¤�.¡?�Û�p�Ý« [Hoang et al., 1998]"

1.1.6 CME«^|üz

y3<�ÊH@�CME´duF��ºÝ^|�Ø½5§��²ï-u�

[Low , 1990]"1¥�þ^|�(�9Ùüz´±^|�ÿÀÛÉ5Ú^| /��³

55£ãÚn)�"�)-�¹Ä�^|o´�¹^|�Û:!ÿÀ©�¡!©�

�§½O©�¡�ÛÉ�ÿÀ(�"�ù
ÛÉ(��éX�^|§LyÑ^Ïþ�

2yÚé�!r��î|}�!��45^|�@ØÚ�p�^±9^|ÚÝÚ>6
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ã 1.7 �ÅÅã*ÿ��2001c4�18FCME"

ÚÝ�Cz�õ��üz/�§î l^|��$Uþ /§=³| /§l

È\��º��gd^UÚu
é/CME9���)�-���¹Ä [Wang , 1999]"

ã1.9w«
2000c9�12F��gw·V^�u¯�§Ó�*ÿ�1¥�k^Ïþ2

y"

Zhang�< [2001]|^SOHO!TRACEÚHSOS£Huairou Solar Observing Station¤

�*ÿ]�§c[ïÄ
2000c7�14Fu)��g����¯�¥�V^Ú¹Ä«

^|üz�[!£ã1.10¤§uy3��¯��u)L§¥§��²w�^|CzÒ

´u)3V^NCõ?�^é�§�¤kV^¥�Ð©6ÄÚHαÐ©O�Ñu)3

^é�?"ùV«Xu)3��$��í¥��ú^é£^é�´ÙLy/ª�

�¤´Úu���í�NØ½5�4���Ï�§�´ù«Ø½5��


���¹Äy�"
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ã 1.8 �ÅÅã*ÿ��2001c4�18FCME"

1.2 1(S^�

1.2.1 *ÿA�

^�£MC¤´�«~��1(S�m¥���Ô§§�@�´CME��

«�Ô [Wilson and Hildner , 1984; Gosling et al., 1992; Cane et al., 1997]§=1(

SCME£ICME¤¥��«"^�kn�Ä�A�µOr�^|§^|��kX�

²w�^=§±9$��f§Ý [Burlaga et al., 1981]"ÚOïÄL²§òCk��

�1(S��£ejecta¤´^� [Klein and Burlaga, 1982; Gosling et al., 1992; Cane et

al., 1997]"du^�kX'�5K�^|§²~�����^|H�©þBs§Ïdk

XwÍ�/^�A [e.g., Burlaga et al., 1987, 2001; Tsurutani et al., 1988; Wilson, 1990;

Farrugia et al., 1997]§lÉ�<��2�'5"

^�ù�Vg´dBurlaga�< [1981]ÄkJÑ�"¦�|^5��E£Voyager

1Ú2!Helios 1Ú2!IMP-8¤���^|Ú�lfNëê�*ÿ]�©Û
u)

31978c1����^�¯�£ã1.11¤"^�cà°ÄX��-Å"3^��-Å�
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ã 1.9 2000c9�12FV^�u¯�§��k^Ïþ2y"�þ�EIT195Å*ÿã�§�e
�SXT*ÿã�§m�MDI/SOHO�1¥�À�^|*ÿ�"

m�«�£}�¤p§^|�6ÄAOr�§�lfN�§ÝÚ�Ý�É~�p"3

^�p¡§^|rÝpu±���ºp�²þ^|rÝ"^|������»�¡�

Y�δl �H>úú=��>"�f§Ý3^��>.â,eü§/¤���f$§

ø"�A���º�Ý3^�SÜ±Y�úeü"�Ý�eüV«
^�3�l��

�$ÄL§¥Ó��3)ä"du)ä��3§^�cà��Ý�u�Ü��Ý"Ï

d��EBL^���ÿ§U
*ÿ��^±Yeü��Ý�"ÏL¦^��Cz

�©Û�{ [Sonnerup and Cahill , 1967]§Burlaga�< [1981]ïÄ
^��^| /§

@�^��/G���kX��ºÝ�^Ïþ+"?�Ú�ÚO*ÿL²§31AU?

^���»��0.28AU§±Y�m��25�� [Lepping et al., 1990]¶¿�§�)ä�

Ý��0.5��Alfvén�Ý [Klein and Burlaga, 1982]"

��1(S��¥��«§^�Ø
þã3�A�	§�äkÙ¦�
A�"'

Xµ�Ý'H++
e /H+ ÚO7+/O6+kX�é�p��£©O�u0.05Ú1¤ [Hirshberg et

al., 1972; Ogilvie and Hirshberg , 1974; Zwickl et al., 1983; Neugebauer , 1981; Henke et

al., 1988; Neugebauer and Goldstein, 1997; Gloeckler et al., 1999; Skoug et al., 1999]§
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ã 1.10 2000c7�14F��¯�¥¹Ä«�þ^|üzã [Zhang et al., 2001]"

�f�β��u0.1 [Tsurutani and Gonzalez , 1995; Farrugia et al., 1993a; Burlaga et

al., 2001]"ÏL©ÛOMNI£Operating Missions as Nodes on the Internet¤¥(�

êâ§RichardsonÚCane [1995]uyTp/Texp < 0.5�´�ä´Ä´ICME�IO§Ù

¥Tp´¢Sÿþ����f§Ý§Texp´�â²�úª [Lopez and Freeman, 1986]|^

éA���º�ÝV�Ñ��f§Ý�Ï"�

Texp =





(0.031V − 5.1)2 , V < 500km/s

(0.51V − 142) , V > 500km/s

" (1.1)

,§ù
�âÑØ´��O(�§�~�(¢�3 [Gosling et al., 1987; Gosling ,

1990; Richardson et al., 1997]"d	§3^�¥§>f§ÝÚ>f�Ý¥yK�'§>
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ã 1.11 Burlaga�< [1981]©Û�1978c1��^�¯�"

f§Ý��u�f§Ý§31AU?§Te/Tp���6 ∼ 7 [Osherovich et al., 1993c, 1998;

Osherovich and Burlaga, 1997; Gosling , 1999]"Ïd§ùa�lfN¥Lundau{Zé

�f§lf(Å�±�-u [Stone et al., 1995]"

^�>.�(½´^�@y¥�����¡"þã¤`�^��A�Ñ�±

��ë�^�5�ä^��>.�"�du�~��3§E,kXØ(½5"�

C§Wei �< [2003]©Û
70�^��>.�A�§¿(Üê��[§JÑ
��#

�@y^�>.��IO"^��>.�´^�3DÂL§¥�±�0��p�^�

«�"Wei�< [2003]@�^��>.�k�½þÝ"�õê^�>.��	>.´^

é>.§3T?§du^|��«§�f§Ý!�ÝÚ�lfNβþ�p¶>.

��S>.KkX$��f§Ý!�ÝÚβ§§ò^��N�>.�©l§¦�ØÉ

	.�K�"d	§é^�c>.�ÚOïÄL²§^|3T>.�åÏ���É5

§Ý�Czé�U´�ä^�/^�A���k^��I [Liu and Wei , 2002]"��
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ã 1.12 ^�nØ�.«¿ã [Gosling , 1990]"£�¤^Ïþ+�.¶£m¤kµ4^L¡�
�lfNì�."

�É5§ÝO\�§éA�Kp�ê  þ,£Dst�êeü¤¶��§KKp�êeü

£Dst�êþ,¤"

1.2.2 nØ�.

gl^��VgJÑ±5§k'^��nØ�.®²��
2��ïÄ"�Ð^Ã

å|�.5£ã^�"�
Æö@�^��±Cqw¤��^Ïþ+ [e.g., Goldstein,

1983; Burlaga, 1988; Farrugia et al., 1993b; Osherovich et al., 1993a,b, 1995; Chen and

Garren, 1993; Kumar and Rust , 1996]§Xã1.12�¤«"§äk^-/G§^|k

¶�Ú��ü�©þ"du§�ºÝé�§Û/5w§Ïþ+�Ç�±��Ñ§

Ïd^���±@�´��^Ïþ+"3ù«*:e§Ïþ+�^|�UEÎ��

��ë",	�
Æö@�^�´��kXµ4^L¡��lfNì [Ivanov and

Harshiladze, 1985; Ivanov et al., 1989; Vandas et al., 1993; Dryer , 1994]§Xã1.12m¤

«"ù«/�ÒL²^��^|���L¡Ø�ë"d	§�k�
Ù¦�U�/

�§X^� [Gold , 1962]§�A�vk*ÿyâ�±|±ù«*:"
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Ãå|�±de¡��§£ãµ

µ0j = ∇×B = αB " (1.2)

éu~Xêα§�±�����/¥þ�©�§

∇2B + α2B = 0 " (1.3)

^Ïþ+�.3Î�IX£R§Φ§Z¤¥§kLundquist) [Lundquist , 1950]µ





BR = 0

BΦ = HB0J1(αR)

BZ = B0J0(αR)

§ (1.4)

Ù¥B0�^Ïþ+¶%?�^|rÝ§H = ±1L«^|�Ãy5§J0ÚJ1©O´0�

Ú1��Bessel¼ê"Ïþ+�>.3J0�1��":?§=R0 = 2.41/α?"��EB

LTÏþ+�§���^|�Xã1.13¤«"o^|3Ù¥mk��4��§¿�

^|���k���ú²w�^=",§3¢S�¹e§�Ä�^��^|��

mCz§=^�3�	�$ÄL§¥¬)ä§*ÿ��^|rÝ�¸�òXã1.14¤

« �^��c� [Farrugia et al., 1995; Osherovich and Burlaga, 1997]"Lepping�

< [1990]$^ù«^Ïþ+�.[Ü
�þ�*ÿêâ§��
'����(J§

¿�uy^��¶3GSE�IX¥���£�ÝθÚ²Ýφ¤��8¥3−15◦ ± 47◦

Ú−102◦ ± 34◦"

éukµ4^L¡��lfNì�.§3¥�IX£r§θ§φ¤e�Ué�

�A�)Û) [Chandrasekhar and Kendall , 1957]"§�^|ÿÀäk¥/�L¡

£ã1.15¤§Ïdù«�.�¡�²;¥ê��. [Rosenbluth and Bussac, 1979]"�

,§��±äký�½A²/G [Ivanov and Harshiladze, 1985; Vandas et al., 1993]"
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ã 1.13 �â^Ïþ+�.���^|� [Burlaga, 1988]"

�´ØÓu¥ê��.§3ù
ý¥G��lfNì¥§^å�Ø´��é¡�§k

�
^å�=�åP3ý¥�,���«S"ü:*ÿ��¥ê��.�^|��

^Ïþ+��aq§Ùo^|rÝ¥ü¸(�¶,éuý¥�.§o^|rÝ�

�k��V¸(�§ù�b��*ÿ´�k' [Vandas et al., 1993]"�3¢S*ÿ

¥§é�uyù«V¸(�"

KumarÚRust [1996]|^�§|1.4�Ñ�^Ïþ+�.§ïÄ
^�3�	$ÄL
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ã 1.14 ^��)äÚå*ÿ��^|rÝ¸� �^�c÷ [Farrugia et al., 1995]"

ã 1.15 ¥ê��.¥�^| / [Vandas et al., 1993]"

§¥�üz"¦�b�^�¥�¶�^ÏþÚ^ÚÝÅð§��Xe'~'Xµ





R0 ∝ d

B0 ∝ d−2

Em ∝ d−1

§ (1.5)

Ù¥R0´^�£^Ïþ+¤��»§d´^�l���ål§Em´^����^U"

�^��l����ÿ§�Ü©^U=�¤
Ù¦/ª§o�^Ueü"ù�U´^

�¥>fäkp§��Ï"XJb�^��¥%±!�Ývc$Ä�{§^��)ä�
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Ý�±L«�

vexp =
dR0

dt
=
R0

d
vc § (1.6)

^�¥��º�Ý��eü�Ç�±Cq�

slope =
(vc + vexp)− (vc − vexp)

∆t
=

2vexp

∆t
≈ v2

c

d
" (1.7)

KumarÚRust [1996]rnØí��(J�24�*ÿ¯~'�§uynØ�*ÿÎÜ�

~Ð
v2

c

d
= 1.04×measured slope " (1.8)

Osherovich�< [1993a; 1993b; 1995]K|^�q)ïÄ
^Ïþ+���5üz"

¦�uy�Ø�3íNØå��ÿ§^Ïþ+S�^Øå�^Üå°(²ï§^Ï

þ+3üzL§¥Ø¬)ä§§�U3Ãå|G�NC5£��"�k�íNØ

å�3§¿�õ��êγ < 1�§^Ïþ+â¬)ä [Osherovich et al., 1993b, 1995;

Osherovich and Burlaga, 1997]"3�mt → ∞§¿b�^�¥%�$Ä�ÝØC

�§Osherovich�< [1993b]��Xe'Xµ

B0 ∝ d−1/γ § (1.9)

vexp =
R0

2γd
vc " (1.10)

w,§�γ = 0.5�§^��¶%^|rÝ��±9^��)ä�ÝÑ�KumarÚRust

[1996]�Ñ�(Ø�Ó"Osherovich�< [1993c]�|^ù�üz�.§(Üü��EB

L^�ÿ��âf§Ý��ÝCz�'X§�Ñ>f�õ��êγe ≈ 0.48 ± 0.20Ú�

f�õ��êγp ≈ 1.2± 0.1",¦�^ù«�{���γ¿Ø´·�Ï~¿Âþ¤@

��õ��ê"��õ��ê�N�´,�¬Ô��3��$ÄL§¥9åÆþ�C

zå»§ü��Eÿ���´ØÓ�Ô��3ØÓ���9åÆþ�m�'X§
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Ïd§ØU�N^�SÜ3$Ä¥�õ�L§ [Gosling , 1999]"�ê�ïÄL²§

3ý9�¹γ = 5/3e§^�Ó�U
)ä [Vandas et al., 1996a; Vandas and Odstrcil ,

2000]"

éu¥ê��.§Low [1982]�é�
���q)§Ùõ��êγ7L�u4/3"§

�)ä�ÝÄ�þ´^Ïþ+�.�1/3 [Farrugia et al., 1995]"

ÏLnØ�.�¢S*ÿ��þ'�§<����u@�^�´Cq�^Ïþ+

Ø´kXµ4^L¡��lfNì",§^�¥�^|´Ä���L¡�ëE´k

�Æ�{K"

1.2.3 ê��[

�ânØ�.§Vandas�< [1995; 1996b; 1996a]é^�$Ä?1
2.5�MHD�

["¦�b�Ð©^�´��Lundquist^Ïþ+§ÀJ^��¶R�uÚ²1u

��¡ü«�¹"��¡¥�^|´ParkerÚ^^|§fÌ¡S�^|´ü4^

|§�[«�l18����»�2AUNC§��º�Ýk���ú�FÝ§.Ü

�250km/s§1AU?\��360km/s�m"�[(JL²§^��DÂ�^��¶Ú�

�¡�Y�vk'X"31AU?§^�Ä�þE,U�±§�k�^|(�"^��

)ä�Ý��C���¯§�R�u$Ä���)ä�Ý�u÷X$Ä��þ�)

ä�Ý"^�3$ÄL§¥ØU�±�k���§§¬ �^�SÜ^|�	Ü^|

��²1��>£ã1.16¤"d	§ÏLÀJØÓ�Ð©^�§Vandas�< [1996a]u

yäk��Äþ£��Ð�Ý½p�Ý¤½É���{å£$��µ^|¤�^�U


�¯/��1AU"ù�:�·��~£´���"

¥ê�G^��$Ä��MHDê��[��{ïÄL [Detman et al., 1991; Vandas

et al., 1997b,c, 1998]"(JL²§ÃØÐ©�¥ê��4¶XÛ{�§3DÂL§¥

§o¬úú �u¥ê��$Ä��"XJ�EfÐBL¥ê��¥¶§P¹��ê

â�Uw«��Or�^|§vk^|�^=Ú�f§Ý�ü$"ÏL'�^Ïþ
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ã 1.16 ^�3�	$ÄL§¥¬ �^�SÜ^|�	Ü^|��²1��> [Vandas et
al., 1996b]"�~13��¡S§�~23fÌ¡S"

+Ú¥ê��ê��[�(J§Vandas�< [1997c]uy§��$Ä�ÝÚDÂ�m´

�C�§¥ê��Ù°Ä�-Å�m�}��'^Ïþ+c�-Å}���õ"Ï~

ü:��E*ÿéJEO^�´^Ïþ+�/G�´¥ê�/G"

,§ù
ê��[��µ�Ñ��Lu{ü§�¢S�¹�O��§~Xvk�

ÄF¥�>6¡�K�"?�Ú�ó�AT3�ý¢��[�¸¥?1"
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ã 1.17 3;.�^�Ïm§Dst�ê�CzL§"

1.3 /^�

1.3.1 A�

3¥$��Õ²~*ÿ��/^|Y²©þ�ÌÝ~�§¿���±YêU§ù«

y���/^� [e.g., Chapman and Bartels , 1940; Gonzalez et al., 1994]"/^�Ì�

´d1(S^|£IMF¤�H�©þBs×L/¥�§���A�Ü��>6OrÚ

å�"^u£ã/^����ëêÌ�´Dst�ê§§´dõ�^»�NC�/Ä^

åOÿ��^|Y²©þ� £þ²þ¤"

���¹e§^�m©u^|Y²©þ�â,O\§¡��:©£SSC§

ã1.17¤"^��:©´du��º¥�p��lfNìØ /¥§¦^�S�/^

|Or§3/¡�)Y²©þ�6Ä§Dst:�O\/¤� [Araki , 1977]"DstO\

�ÌÝ�'u��º�ÄØ [Burton et al., 1975]"^�Ï~kn��ã£Xã1.17¤µ

Ð�£initial phase¤§Ì�£main phase¤Ú¡E�£recovery phase¤"Ð��ã§

^|Y²©þOr¿±YeZ��"3Ì�Ï§Dst��ÌÝeü§�±´A��§

��±���U"��Ò´^��¡E�§Dst�m©�ú¡E�^�c�Y²"^

��Ð�ÚÌ�´dØÓ�ÔnÅ�Úå�§cöÉ��ºÄØK�§�ö´1(S
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ã 1.18 ��—1(S—/¥^�ÍÜ«¿ã [Gonzalez et al., 1994]"

^|�/¥^|é�(J [Dungey , 1961; Gonzalez and Mozer , 1974; Akasofu, 1981;

Gonzalez et al., 1989]§�Ð��¡k�UvkÌ�"k�ëYüg��¹Ä¯��

��C§¬O\^��E,5§X^�ÑyV¸£ã2.17¤§$�õ¸(� [Kamide

et al., 1998]"

1.3.2 1(SåÏ

�Xc¡¤`�§/^�´d1(S^|H�©þBsÏL^|é [Dungey ,

1961]§¦��º¥�Uþ§âf5\�^�SÜ"ã1.18éÐ�`²
ù�L§"5

\�âf/¤Ü��>6§¦�/¥L¡�^|Y²©þ�ÌÝeü"�Xâf�

Øä5\§�>6¬Or¿�C,��.�§¦5\Ç�u��Ç"�>6Or�

ù��ãÒ´^�Ì�"�IMF~f½��^=�§�>6Ò¬Ê�Or§¿m©~

f§ù�Ò?\^��¡E�"��§3^�uÐL§¥§��º�ÝV§�lfN

�Ýρ§1(S^|H�©þBs±9Ù±Y��m∆t§ÑåX���^ [Snyder et

al., 1963; Fairfield and Cahill , 1966; Smith et al., 1986]",��¡§K�¡E��Ï�
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ã 1.19 /^6ÄÉ��¹ÄK��äk11c±Ï5Æ"p��zc��çfê§$��z
cAp�ê�u40�Uê"

Ì��>Ö��Å�§k>Ö��!¥ÕÑ�ÚÅâ�p�^� [e.g., Kozyra et al.,

1997]"

/^6Ä�rfÉ���¹Ä��� [Richardson et al., 2000]§Xã1.19¤«§/

^�¹Ä�k11c±Ï"3��¹Ä$c§/¥k55%��m?3p�6¥§35%�

�m?3$���º¥§�k�10%��m?3�CME�'�]�(�¥ [Richardson

et al., 2002]"3ùÏm§/^6ÄwÍ~f§�^�£Dstmin ≤ −100nT�¤é�§

�Ü©´d�=6�p�^«£CIR¤Úå�¥�§Ý�y5/^� [Sheeley, Jr. et

al., 1976; Burlaga and Lepping , 1977; McAllister and Crooker , 1997; Webb et al., 2001]"

�=6�p�^«£ã1.20¤´d�Ép�6@Øc�$���º�lfNÅìuÐ

/¤� [Hundhausen, 1972; Smith and Wolf , 1976]§äk$�p§§�Ý4O±927U

y5±Ï5Æ�A�"�=6^|�H�©þäkr�ÅÄ5§^�Ì��f¿

¥yÑ;.�Ø5K5"3��pc§/¥�k35%��m?3p�6¥§30%��

m?3$���º¥§��k30%��m?3�CME�'�]�(�¥ [Richardson

et al., 2002]"d�§/^6Ä�§ÝwÍOr§�^��)�ª�§ICME£AO
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ã 1.20 1974c1�24–27F§IMP-8¥(*ÿ���=6�p�^« [Gonzalez et al., 1999]"

´^�¤ [Klein and Burlaga, 1982]Ú-Å��}« [Tsurutani et al., 1988; Tsurutani

and Gonzalez , 1997]¤�Úå/^��Ì�1(S"AO��5¿�´§-Åéc

�H�^|�Ø  [Tsurutani et al., 1992a; Wang et al., 2003c]§��Ôc�^|CX

£draping¤ [Gosling and McComas , 1987]§õ^� [Wang et al., 2003a,b]�¤�A

�/^�£Dstmin ≤ −200nT¤�)�Ì��Ï"ù��´�Ø©¤�ïÄ���

:"
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1.3.3 Dst�ê�1(S�«ëê�'X

Dst�ê�1(S�«ëê�m�'X�<�2�ïÄL [e.g., Dessler and Parker ,

1959; Burton et al., 1975; Pudovkin et al., 1985; Gonzalez et al., 1989; Vassiliadis et al.,

1999]"1(SëêCz¤Úå�»��>6�O\é/^6Ä��z�±^Dst∗L

«§§´ÿþ���Dst�²L^�º>6£��ºÄØ¤
����§÷vXe'

Xµ

Dst∗ = Dst− bP 1/2 + c § (1.11)

Ù¥P���º�ÄØρV 2§b�'~Xê§c�w·���ºØå��z"���¹

e§b = 0.2nT§c = 20nT"Dst∗��?�ÚdL�UþÑ\�ÍÜ¼êQÚÑÑ�

mτ5L«µ
dDst∗(t)

dt
= Q(t)− Dst∗(t)

τ
§ (1.12)

Dst∗(t) = e−t/τ [Dst∗(0) +

∫ t

0

Q(z)ez/τdz] " (1.13)

τ������Å�k'§ÏdÙ3^�L§¥´ÅìCz� [Gonzalez et al., 1989;

Prigancova and Feldstein, 1992]"ïÄL²§;.�τ���5 ∼ 10��§�Dst��

�§ÑÑ�¯§3A�/^��¸�NC§τ�± á����±S"�C�ï

ÄL²§τ�U�V Bsk'§V Bs��§τ�� [O’Brien and McPherron, 2000a]",

��¡§�þ�ÚOïÄuy§τ�Cz�Ä¿Ø¬�Dst�O��5���Ø�

[Vennerstroem, 2001]§�3°Ý�¦Øp��¹e§���±w�~ê"

3þãÔn�.¥§ÍÜ¼êQ�À�éDst��OkX�K�"ÏLïÄ§

<�®²�Ñ
õ«ÍÜ¼ê�/ª"Ù¥�>|éXå5�kµV Bz [Burton

et al., 1975]!V BT [Doyle and Burke, 1983]!V BT sin(θ/2) [Gonzalez and Mozer , 1974;

Doyle and Burke, 1983]�§�UþéXå5�kµε = V L2
0B

2 sin4(θ/2) [Perreault and

Akasofu, 1978]§(ρV 2)1/2V Bz [Murayama, 1986]§(ρV 2)−1/3V B2
T sin4(θ/2) [Vasyliunas

et al., 1982]�§±9�
Ù¦{ü/ªµBz [Arnoldy , 1971]§V 2Bz [Murayama and
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Hakamada, 1975]§V B2
z [Holzer and Slavin, 1982]�"Ù¥V�F/����º�

Ý§Bz�H����^|©þ§BT =
√
B2

z +B2
y�R�uF/ë��^|©

þ§ρ���º¥�lfN�Ý§θ�BT�éu^�^|3^�ºÝK�^��Y

�§L0 = 7RE��ð½�Ý"3ù
¼ê¥§V BzÚε��~^§�äk�Ð��J

[Gonzalez et al., 1994]"

d	§ÚO(JL²§Dstmin�Bzk�Ð��'5§�'Xê�0.74 [Cane et

al., 2000]"�C§WuÚLepping [2002]ÚO©Û
l1995�1998c�Windêâ§2

gy¢
Bzmin§V Bzmin�DstminkXéÐ��'5§�'Xê©O�0.81Ú0.87"

ÚOïÄ�o(Ñ
/¤^��^�§éur^�£Dstmin ≤ −100nT¤ §�

¦Bs ≥ 10nT¿�±Y�m∆t�L3�� [Gonzalez and Tsurutani , 1987; Tsurutani and

Gonzalez , 1995]¶éu¥�^�£Dstmin ≤ −50nT¤§K��Bs ≥ 5nT¿�∆t ≥ 2h

[Russell et al., 1974]¶éuf^�£Dstmin ≤ −30nT§�=;.�^æ�¤§K

�Bs ≥ 3nT¿�∆t ≥ 1h",§éu4r�V Bs§Dst��Cz¬Ñy�Úy�

[Liemohn et al., 2002]"Ballatore [2002]ïÄ
1977–2000c�1(Sëê§ÏLé��

º�ÝV?1©ã©Û§uy1(Sëê�^��ê�'5�VkO�~§é��V§

k²w��Ú�A"

3��'©Û�Ó�§éDst�ê�ý�ó��3È4�mÐX [e.g., Fenrich and

Luhmann, 1998; O’Brien and McPherron, 2000b; Lundstedt et al., 2002; Temerin and

Li , 2002]"Lundstedt�< [2002]|^<ó ²�äïá
ý��.§�5�'Xê�

�0.88§pu±c�O’BrienÚMcPherron [2000b]�.!FenrichÚLuhmann [1998]�.

ÚBurton [1975]�."?�Ú§TemerinÚLi [2002]uÐÑ
�@#��.§�'Xê

��
0.94"ã1.21w«
|^T�.O����Dst��*ÿ��'�"
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ã 1.21 O����Dst9Ù��©þ�Dst*ÿ��'� [Temerin and Li , 2002]"

1.4 �(

�Ù{ü/nã
�©¤�9�n«Ì�Ôny�µF�Ô���!^�Ú/

^�"AO´l*ÿþ§o(
§��A�Ú5�"CME!^�Ú/^�/¤
�

�—1(S�m—/¥��Ìë0�ã�"?31(S�m�^�§Ù/ cÙA

Ï§§�þéXX��¹Ä§�eK�X/¥^�"�\ïÄ1(S^�9Ù�'¯

�§én)�mUíD���F/Ôn§ÑåX�~���^"
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1�Ù F�Ô���!^�Ú/^��

�'5ïÄ

CME!^��/^�´���'�"3��pc§CME�u�~ª�§1(

S6Ä��éE,"'X1998c4�eÍ�5�þÍ§��L¡É~¹�§pUþ

�����ÚCMEª�u)"�âLASCO/SOHO�*ÿ§l4�23F�5�2Fá

á10U�mS§Òu)
6å�halo£�°Ý�360◦¤.CME§ÙÐ©ÝK�Ý�Ñ

31000km/s±þ§Ó�3/¥þk�X��^�u)"�´§CME�/^��m

¿Ø´{ü���éA'X"Ïd§XÛòù
/¥þu)�^��1(S¯�

ÚCMEéAå5§´?1�~©ÛD�ÚOïÄI�)û�Ä�¯K"1AU?§�

âC/¥(�*ÿ]�1(Sy��/^��éA'X'�N´(½§CME�1

(Sy��éA'XÒ�éJ±(½".¾3�mþ§���/¥�å1AU§3�

mþ§CME�Ñy�^�u)����3 ∼ 5U"éu¯�@y¯K§<�®²kL

NõïÄ§Lindsay�< [1999]§Ò|^1AU?*ÿ����Ô¥�����º�Ý�

�ICME¢S$1��Ý§�íÑCME3��þÑy��m§¿±ù��m�¥%§

c�\~6��§/¤���m��"¦�@��´Ñy3ù��mã�CMEÒk�

U´1AU?1(S��Ô¤éA�CME§�kõ�ÿÀö�§�é/5�Ð§rÝ�

�§�m��C�@�"d	§Cliver�< [1990]�ÚO(JL²§1(S��Ôc¤

°Ä�-Å3SF¥�$1�²þ�ÝVt�1AU?ÿ���A����º�ÝVmaxÄ

�÷ve¡�²�'X

0.55 ≤ Vmax/Vt ≤ 0.93 " (2.1)

Ïd|^Cliver�< [1990]�(J§�U�íÑCME��)�m§§�Lindsay�<

[1999]��{��´���§Ñïá3ICME!�$Ä�b�þ"·��Òæ^ù«�
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{§5?1F/¯��@yÚ�'5©Û"

2.1 é/CME�/^��ÚOïÄ

2.1.1 êâ5�©Û�{

CME� ê â 5  uGopalswamy� < ? > �CME8 ¹ þ £see http://

cdaw.gsfc.nasa.gov/CME list/index.html¤"·�UìHudson�< [1998]�½Â§

rLASCOÀ�¥Ñy��°Ý�L130◦�CMEw�halo CME§§�Ä��X/¥½

�l/¥$Ä"l1997c3��2000c.§LASCOo�*ÿ�350�halo CME"3ù

ÏmkeZ��mãvkCME*ÿ]�§X98/06/25–98/10/20, 98/11/13–98/11/22,

98/12/21–99/02/04, 99/02/15–99/02/20��§u´·�3ïÄ/^���r�A�

�mã�Ø"�
?�Ú(½halo CME´�¡��´�¡�§·�c[/ïÄ


EIT195Å�*ÿã�§uyk132�CME´u)3�¡§Ù{�Ku)3�¡½J

±(½"e¡�~fÒ^5`²|^EIT195Å�ã�@yCMEF¡«�L§"

2000c6�10F�u
�ghalo CME§§3C2/LASCOÀ�¥Ñy��m

�1708UT"�âCME8¹þ¥��Ý�5[Ü�§�±�íÑ§3��L

¡�Ðu�mt���1640UT"1�ÙÚó¥J�§CME�u�F¡A�kV

«!EITÅÄ!V^����"�âù
A�§·�@�÷v±e^����L¡

¹ÄÒk�U´�½CME�µ£1¤��¹Ä3F¡� �7L�LASCO¥*ÿ

��CME�������¶£2¤§7Lu)3t ± 0.5����m��S§Ù¥tÒ

´þ¡�O�CMEÐu�m¶£3¤3EIT195Åã�þwØ�²w��¡���è

,"éuUé�éA��¡��¹Ä�CME§Ò@�´é/CME§§�F¡«=

��AF¡¹Ä� �"ã2.1w«
���EIT195Å�running differenceã�£��

��ã�~�c���ã�¤"l1635UTm©3F¡Ü�ÜÑy��ã��V«§

��O�CMEÐu�m1640UT�~�C"�âã�þ���§F¡ ��±�O�
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ã 2.1 EIT195Å�running differenceã�"�ºÝ��b	£EUV¤V«�m©u1635UT§
ÙÐu �3£N20◦§W40◦¤NC"
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ã 2.2 C2/LASCO�*ÿã�"

£N20◦§W40◦¤§�LASCO*ÿ��CME�Ü������´���£ã2.2¤"

¦+CME´���ºÝy�§�§�o´k3,�/��>u§ù� �Ò

¡�Ðu �§þ¡���F¡ �Ò´CME�Ðu �"3@yÑ�132�halo

CME¥§A�¤k�Ñ3�������S�u§�Ðu �oU�(½3���é

���«�§Ø��V310◦�m§duÝK�A§��F¡>�§Ø���"I�5

¿�´§·�ùp(½�CMEÐu ��CME����� �Ø�½��Ü§.

¾���é�CME5`§ºÝ���õ§�k
CMEvk�����"

ùp§·�|^3��²þ�Kp�ê5ïÄ/^6Ä"Kp�ê�g�¥/^ê

â¥%£see http://swdcdb.kugi.kyoto-u.ac.jp/kp/index.html¤§§´�â13�¥p�

/«�/^�Õÿ��/^Y²©þ6Ä�²þ�¼��§§���pUâfl
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4«�\/¥^�SÜÚå�/^6Ä'X���"�,Kp�ê�Dst�êk
�

O§�oN�´kXéÐ�éA'X§Kp = 5�éADst = −50 ∼ −60nT�¥�^

�§Kp = 7�éADst = −100nT��^�"ÄkN�3�¡�halo CMEÑy��e

ZUS´ÄkKp ≥ 5�^��)§XJvk§Ò@�ù�CMEvk/^�A¶��§

XJk^��)§Ò?�Ú©Û^�Ïm�1(S�¹"Ï~§3Kp�ê����

c�ê���S§1(S^|¬k���r�H�©þ£=Bs¯�¤ [e.g., Arnoldy ,

1971; Akasofu, 1981; Gonzalez and Tsurutani , 1987]§ù��r�Bs¯�k�UÑy

3^�¥§�k�UÑy3-Å��}« [Tsurutani et al., 1988]§½öÙ¦�
1(

S(�£X�=6�p�^« [McAllister and Crooker , 1997; Webb et al., 2001]¤¥"

éu�=6�p�^«S�Bs¯�§du§�CMEÃ'§ÏdØ��Ä"d	§é

u�
�cü��¯�§'XéØ�;.�^�Ú-Å§�òÙüØ3ÚOêâ�

	"�
é��Bs¯��éA�CME§·�(Ü¦^Cliver�< [1990]ÚLindsay�<

[1999]��{§ÏL�O�UCME�Ñy�m5ÀJ�·Ü�CME"

ã2.3w « 
 � � ; . ^ � " ^ � c ° Ä � - Å � �1AU� � m

�2000c8�11F1830UT§^������m�1�U�0530UT"���^�

£Kp = 8−¤Òu)3�U£8�12F¤ §Kp�ê31100UT£��Bsm©�5�

�¤�����£Xã2.3¥�n�¤«¤"^�¥�����º�Ý�680km/s§�

O���CMEÑy�m�∼ 61���c§�Ò´8�9F1630UT"3±ù��O�m

�¥%��½�m��S§·�uy§8�9F1630UTÑy3C2/LASCO¥��¡halo

CME÷vçÀ^�"½ÂDÑ�mTau�CME3C2/LASCO¥Ñym©�^��Kp�

ê���������m�Ý"ù�~f¥CME�DÑ�mTau ∼ 66.5h"

�âþã�{§k�é��éA^��BsÚCMEØ´ü��§cÙ3��p

c§¹Äª�§k�Uõ�CMEÚåÓ��^� [Burlaga et al., 2002; Wang et al.,

2003a]§'X2000c11�24Fc���X�é/halo CME [Nitta and Hudson, 2001;

Zhang and Wang , 2002]§Úå
27F�/^�"Ïd^��gêÒ¬�u@yÑ
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ã 2.3 2000c8�11–13F§Wind�E*ÿ�1(S^|Ú��º�lfNêâ"lþ�e©
O´^|rÝB!^|�����¡�Y�θ!��¡S^|���F/ë�Y�φ!��º�
ÝV!�fê�ÝNÚ§ÝT"ü^R�:y�©OL«-ÅÚ^����"

�k/^�ACME£½¡�é/CME¤��ê"3·��ÚO¥§132��¡halo

CME¥§59�CMEÚå
51gKp ≥ 5�^�"

2.1.2 é/halo CME�Ðu �©Ù

ã2.4aw«
59gé/halo CME�Ðu �©Ù�¹"ù
 �Ä�þ'u��

»�¥é¡©Ù§�Ü©£81%¤CMEu)3H��10◦ ∼ 30◦�m§=küg¯�u

)340◦±	�p�/«",�Ý©Ù�ù�A�Ø´é/CME¤Ak�"��é
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ã 2.4 £a¤é/halo CME�Ðu �©Ùã¶£b¤�¡halo CME�Ðu �©Ùã"

'§ã2.4bw«
¤k�¡halo CME�Ðu �©Ù�¹"§�Ó�'u��»�é

¡§��78%�¯�©Ù3H��10◦ ∼ 30◦�m§u)340◦±	p�/«�CME=

Ó8%"

lã2.4a�UwÑù59gCME�Ñ8¥3F¡�¥%fÌ�NC§��k83%�¯

�u)3fÌ�±30◦�«�S",§�N5w§ù
Ðu ��²Ý©Ù´Øé

¡�"3F¡Ü>§é/CME�±Ñy370◦�m§3À>§40◦±	Òvkuy

ùaCME
"�§u)3��Ü>CME��ê'u)3��À>CME��ê�õ

Ñ57%"éu¤k�¡halo CME§ÙF¡ �©ÙÒvkù��A�£Xã2.4b¤

«¤"

Cane�< [2000]é1996–1999c�F/¯�?1LÚO§(JL²§=k����

¡halo CME�±K��/¥§�)/^6Ä§§��Ñu)3F¡E40◦�W40◦�

m"Webb�< [2000]�@�§halo CMEu)3åF¡¥%0.5����»���

S´Úå/^��'�Ð�I�"Gopalswamy �< [2000]���
aq�(

J"3·��ÚO¥§é/halo CMEk59�§Óo��¡halo CME�45%§ù

�Cane�<�(J´���"Ó�·���§k/^�Ahalo CMEÌ�©Ù

3[S40◦, N40◦]Ú[E40◦,W70◦]���S"�Ý©Ùþ§8¥3±30◦NC§ù��´�
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ã 2.5 �¡halo CME«�F¡ �©Ù"£a¤NFHCMEs§©ÙÃ²wÀÜØé¡5¶
£b¤EFHCMEs§éu$1�'�µ��º¯�CME£ùÚ�∗L«¤§©Ù�Ü ¶éu
$1�'�µ��ºú�CME£ÉÚ�4L«¤§©Ù�À "

�¹Ä«�8¥��Ý�¶²Ý©Ùþ§�3XÀÜØé¡5§u)3Ü>�CME'

À>��N´K�/¥"�CCaneÚRichardson [2003] ±9Zhang�< [2003]?�Úy

¢
·��(J§@�k/^�Ahalo CME�©Ù(¢äkÀÜØé¡5"

�?�ÚïÄù«²Ý©Ù�Øé¡y�§éÑ�)ù«y���Ï§·�

ïÄ
1997–2001cÏm'�(½�73g3/¥NC*ÿ���¡halo CME£Earth-

encountered front-side halo CMEs, EFHCMEs¤Ú101gv3/¥NC*ÿ���

¡halo CME£Non-earth-encountered front-side halo CMEs, NFHCMEs¤"^e¡ü

��I5£ãØé¡5§Ýµ

δN =
NW −NE

NW +NE

§ (2.2)

δL =
1

N

∑
L § (2.3)

Ù¥N!NWÚNE©OL«CME�oê±9u)3Ü>ÚÀ>�CME�ê§LL

«CME«�²Ý"

ã2.5w«
ù
CME«�F¡©Ù�¹"éuNFHCMEs§Øé¡5�ê©
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ã 2.6 CME31(S�m$ÄL§¥ÉParkerÚ^^|K��«¿ã"

O�δN = 0.069ÚδL = 2.6◦§`²§��«Ä�¥é¡©Ù"éuEFHCMEs§

Øé¡5�ê©O�δN = 0.187ÚδL = 7.2◦§Øé¡5§Ý²wO\§Ü>

�CMEõuÀ>�"1997–2001cÏm²þ��º�Ý���450km/s"�d·�

�âCME3C2/LASCOÑy��mÚ/¥NC&ÿ�éA�ICME����m§

��CME31(S�m¥$1�²þ�Ç§òEFHCMEs©¤¯u�µ��º�

ÝÚúu��º�Ý�üa£Xã2.5¥∗Ú4¤«¤"w,§éucö§Ü>

�CMEõuÀ>�§δN = 0.270§δL = 9.5◦¶��§éu�ö§À>�õuÜ>

�§δN = −0.400§δL = −6.8◦"

��§ù«ÀÜØé¡5©Ù§�CME31(S�m¥�DÂ�Ýk'"·�@

�§CME31(S�m$ÄL§¥ÉParkerÚ^^| [Parker , 1963]�K�§úu�

µ��º�Ý�CME§�¡É���º�Ø §�)�äk�Ü©þ�å§¦�3

DÂL§¥�Ü �¶¯u�µ��º�Ý�CME§c¡É���º�{	§�

)�äk�À©þ�å§¦�3DÂL§¥�À �£ã2.6¤"Ïd§U-�/¥

�CME�«©Ùäkù«ÀÜØé¡5"�±��§k
CMEu)3���¡§

ì�k�U×L/¥§lÚå/^� [Webb et al., 2000]"
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2.1.3 Halo CME���X�����¹

�âGOES-8¥(�*ÿ]�§·�uy��70%��¡halo CME��kC?±þ

����u£L2.1¤"éué/halo CME§ù�'~�p§�85%"·�ïÄ�

�mã´1997c�2000c§fÐ?3���±£123±¤�þ,Ï"�âL2.1¤�

�§l$c�pc§�����'~��3O\§1997cz©'�55%§2000cÒ

��
80%"�/^�A�halo CME����'~�p§1997cz©'�57%§O

\2%§2000cz©'��
97%§O\17%§A�¤k�k/^�A�halo CMEÑ�

�k��"

Brueckner�< [1998]ïÄ
1996c3��1997c6�m�F/¯�§uyk50%�é

/halo CME����'§ù�·��ÚO(J¥1997c�êi´�Î�"���5¿

�´§����pc�C§�����'~Ò�p§�é/halo CME�����'

~�p"ù(JV«��k���u��¡halo CME�\äk/^�A"XÛ)ºù

y��k�?�Ú��\ïÄ"

2.1.4 é/CMEÝK�Ý�F/DÑ�m�'X

Xc¤ã§DÑ�mTau½Â�CME3C2/LASCOÀ�¥Ñym©�^��Kp�

ê���������m�Ý"ã2.7w«
DÑ�m�CME3LASCO¥�ÝK�

ÝV�'X"éuKp ≥ 5�51g¯�§TauÑá330���120������S§§

L 2.1 �¡/é/halo CME����X������¹
1997a 1998 1999 2000 o�

�¡halo CME 11 22 44 55 132
����b 6 13 30 44 93
z©' 55% 59% 68% 80% 70%
é/halo CME 7 10 13 29 59
����b 4 7 11 28 50
z©' 57% 70% 85% 97% 85%
z©'Oþ 2% 11% 17% 17% 15%

al1997c3�m©"
brÝ�uC?"
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ã 2.7 CMEF/DÑ�m�LASCO¥*ÿ���ÝK�Ý'Xã"

�V��'5��"St. Cyr�< [2000]ÚCane�< [2000]�Ó���Lù��(J"

,§éuKp ≥ 7��^�¯�§§��m��'5�Ð£Xã2.7b¤"·�|^X

e{ü�úª[Ü
*ÿêâµ

Tau = 27.98 +
2.11× 104

V
hours § (2.4)

uy�'Xê�0.87"w,§þã²�úªk"�§Tau�½´�u27.98���§ù�

,
¯��CME´gñ�§Xu)32000c7�14F�Bastille¯� [e.g., Lepping et al.,

2001; Smith et al., 2001]"¦+Xd§§E,�NÑ
CME�DÑ�m�ÙÝK�Ý�

m�,«éX"
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ã 2.8 ©O^Gopalswamy�< [2001b]��.Ú²�úª2.4é15gKp ≥ 7�¯�[Ü�'
�"£a¤�âGopalswamy�<��.���CME\�Ý�ÝK�Ý�'X§£b¤CMEF
/DÑ�m�ÝK�Ý�'X"Ù¥J�Ú:�©OL«�gÚ�g�[Ü"

ã2.7a¥²þDÑ�m�75��§Ä�þ�Brueckner�< [1998]���80��5K

��§��â·��ÚO§TauÑá3�����S§Ïd§²þDÑ�méu�O,

�halo CME���´vk���Ï�"Brueckner�< [1998]3¦��©Ù¥�«@§

�X��pc�%C§¯�CME�ª�Ñy§80��5KòØU¤á"lã2.7b¥§

·�Ò�±uy?¿ÝK�Ý�CME£300 ∼ 1700km/s¤Ñk�UÚår��/^

�"�duÝK�A§�k�UCMEkép�ÝK�Ý§%�²Lé��DÑ�mâ

U��/¥£Xã2.7a¥-A.:¤«¯�¤"

Gopalswamy�< [2001b]�QÏéLICME��1AU�²�úª"Uì¦���
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{§·�Ó�^�gÚ�g�[Ü
Kp ≥ 7�15g¯�£ã2.8¤"w,§éuú�

Ú¯�CME £�V < 500km/sÚV > 1150km/s¤§¦��O���Tau�u·���

O�"¦�ùü^��*ÿ���'Xê©O�0.75Ú0.83§þ�u·��[Ü�'

Xê"�,·��[Ü�`�¦��§�¦��ó��·�kX����ØÓ

:§=¦���.´Äu¤kICMEïá�§·����éÚåKp ≥ 7��¯�"

d	§¦+úª2.4�*ÿ�kX�Ð�'Xê§�ØU^�ý�§Ï�J��VÇ¬

ép",ò�Ú5`§XJ@½�ghalo CME�U¬E¤r��/^�A§K�^

dúª5�O^���¸���m"

2.2 CME!X�����^�Ap�ê�¥O±Ï©Û

2.2.1 Fá�©Û

1984cRieger�< [1984]�âSolar Maximum Mission£SMM¤¥(þ�Gamma-

Ray Spectrometer£GRS¤&ÿì�*ÿ]�§uy��γ���äk�154UO±Ï

5Æ"ddÚu
ïÄ��¹ÄX����!��çfê!��çf¡È��¥O±

Ï£ê��$���¤�9� [Kiplinger et al., 1984; Dennis , 1985; Ichimoto et al., 1985;

Delache et al., 1985; Bogart and Bai , 1985; Bai and Sturrock , 1987; Ribes et al., 1987;

Lean and Brueckner , 1989; Ozguc and Atac, 1989; Lean, 1990; Carbonell and Ballester ,

1990; Droege et al., 1990; Pap et al., 1990; Kile and Cliver , 1991; Verma et al., 1992;

Cane et al., 1998; Oliver et al., 1998; Ballester et al., 1999]"<�©Û
ØÓ���±Ú

ØÓ¥(�êâ§uyØ
150 ∼ 160UO±Ï±	§�k∼ 128U!∼ 102U!∼ 78U

Ú∼ 51U� [Dennis , 1985; Bai and Sturrock , 1991; Bai , 1992]§�ù
±Ïq�Ñ

�±w¤��g=±Ï��Å [e.g., Sturrock and Bai , 1992; Bai and Sturrock , 1993]"

1995c.SOHO¥(,��8®k7cõ��m§È\
�þ�*ÿ]�§¦�·

�kÅ¬ïÄ��ºÝ���¹Ä–CME�O±Ï5Æ"LASCO*ÿ�CME�êâ�
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g{I°�¢�¿£NRL¤��Õhttp://lasco-www.nrl.navy.mil/cmelist.html"·�

Ó��©Û
?O�uM5.0���X����Ú/^�êAp�O±Ï1�"���]

��gGOES¥(§Ap�êK5g.êâ¥%£WDC¤��Õ"

�
�yëY5§·�À�
1999c2�5F�2003c2�10F�êâ§3ùÏ

m§LASCO�*ÿA�vk��m�¥ä"ã2.9a¥w«
zU*ÿ��CME�

ê§ã2.9b¥´CMEêâ?1FourierC���õÇÌ"·�^õÇÌ¸���p°

£FWHM¤∆ω5�OT±Ï�Ø�

∆P = −P
ω

∆ω " (2.5)

P ±∆PÒ�Ñ
,�±Ï�Cz��£XL2.2¥¤�¤",¿Ø´õÇÌ¥¤k

�¸�Ñ´�&�§7L�OÙwÍ§Ý§5ÀJ���±Ï"

éuv
��äk"²þ§���σ�pdxD(S�§3ÙFourier�p§Ñy,

��½õÇW�VÇ�Ýp(W )÷v�ê©Ù [Papoulis , 1965]

p(W ) =
1

2σ2
exp(

−W
2σ2

) " (2.6)

u´ÑyõÇ�uW�VÇ©Ù�

F (W ) =

∫ ∞

W

p(w)dw =

∫ ∞

W

1

2σ2
exp(

−w
2σ2

)dw = exp(
−W
2σ2

) " (2.7)

ò�k�CME�mS��Ï^S��Åü�/¤xD(§u´CME¤Aäk�±

ÏÒ�»�"A^úª2.7§�±�Ñ�Åz��CMES��VÇ©Ù"ã2.9c¥

Cqü�¤���+Ò§´�g,éê��VÇ©Ù§ÏL�5[Ü�±�

�σ2 ∼= 1.46 × 10−3£σ ∼= 3.8 × 10−2¤"é¢S�CMEêâ��Ó�?n§���V

Ç©ÙXã2.9c¥*Ò¤«"'�ùü�©Ù§é²w33σ?m©ØÓ§Ïd�±@
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ã 2.9 £a¤LASCO/SOHO*ÿ��zUCMEu)�gê"£b¤FourierC����õÇ
Ì"£c¤ÚOþ§*ÿ�CMEêâ£∗¤�<ó�Å�)�CMEêâ£+¤3Fourier�¥Ñ
yäk�½õÇ�ªÇ��U5�'�"
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�õÇ�u3σ�¸�´wÍ�"�A/§3ã2.9b¥ü^J�©OIÑ
3σÚ4σ�

Y²"¸�A�1101U±Ï§�,õÇér§�±Ï�Cêâ�o�Ý1467U§É

>.�AK���§Ïd´Ø�&�"��3�wÍ�¸�B!CÚD¤3±Ï©

O�∼ 358 ± 38U!∼ 272 ± 26UÚ∼ 196 ± 13U§'Ï~���RiegerO±Ï [e.g.,

Rieger et al., 1984; Dennis , 1985; Sturrock and Bai , 1992]��"¸�JÚK©OéA±

Ï∼ 36± 0.4UÚ∼ 33± 0.4U"

é��ÚAp�ê�±�Ó�?n§Xã2.10Ú2.11¤«"éX����§�O

����σ2 ∼= 3.52 × 10−5£σ ∼= 5.9 × 10−3¤"§(¢�3Riegera�O±Ï§X

ã2.10ÚL2.2¥��C!D!E�¸�"¸�Aäk∼ 1505 ± 589U±ÏÓ�´Ø��

�"��¥¸�Bäk∼ 259 ± 24U�±Ï§wÍ§Ý34σ±þ§§�U�CMEäk

�∼ 272 ± 26U±Ï�'"XJù«�'´ý¢�§KV«k�a���ÚCME�

m�3X,«éX§½´CME>u���u§½´���uÚåCME§ùq�3

,«§ÝþÎÜ2.1.3�!���CME����p��Ç"éAp�ê§�O���

�σ2 ∼= 0.08£σ ∼= 0.28¤"ã2.11b¥�¸�CÚD©Oäk∼ 273±26UÚ∼ 187±12U

±Ï§§�é�UéAuCME¥�∼ 272 ± 26UÚ∼ 196 ± 13U±Ï"cÙ¸�Dé

A�±Ï�&§Ýép§XJ§�CME¥∼ 196U±Ï��'´ý¢�§K`²/^

6Ä(¢��/É�CME���"Ap�ê�∼ 91 ± 5UÚ∼ 61 ± 2U±Ïé�U©O

����∼ 98 ± 3UÚ∼ 64 ± 2U±Ï�'§XJù«�'�´ý¢�§KV«X�

k�a/^6Ä���X����k'"Ap�ê�¸�Häk∼ 28± 0.6U±Ï§Ùw

Í§Ý�ép§w,§´����∼ 27Ug=Úå��Ép�6yy��'�§

�CMEÚ��vk'X"

2.2.2 ��Å©Û(J�'�

�FourierC��'§é���mS�§�ÅC�Ñ�´TimeÚPeriod|¤���

ã�§lã¥�±©ÛÑ3�	��mãS§±Ï���ÚwÍ§Ý´XÛCz
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ã 2.10 �âGOES¥(*ÿ§ézUu)�M5.0?O±þ�X����gê?1�Fourier©
Û"

L 2.2 Fourier©Û���õÇÌ¸�¤éA�±Ï�L
Item Identified Quasi-Periods by Spectral Power Peaks in Unit of Days

A B C D E F G H I J K L

CME P 1101.22 358.33 271.99 195.88 110.80 100.00 66.25 60.64 57.26 35.85 33.49 20.62
∆P 671.48 37.68 26.22 13.38 3.26 2.88 1.31 0.90 1.00 0.40 0.39 0.17

Flares P 1505.00 259.48 156.77 122.19 98.15 67.69 63.73 42.16 38.71 33.53
∆P 589.46 24.23 10.89 4.88 3.25 2.18 2.34 0.78 0.55 0.52

Ap
P 940.63 364.11 272.81 187.34 138.07 91.49 60.64 27.80 27.08 24.69 24.00 23.29

∆P 249.85 38.91 25.55 12.05 6.33 5.19 2.38 0.22 0.21 0.17 0.25 0.14
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ã 2.11 ézU²þ�Ap�ê?1�Fourier©Û"
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ã 2.12 CMEêâ�Morlet�Å©Û(J"J�L«cone of influence£COI¤"A�E¸�é
A�±Ï�3L2.3¥"

�"w,§ù3é�²��mS�?1±Ï©Û�kXwÍ�`�5",��

¡§ÏL'�FourierC�Ú�ÅC�ü«©ÛÃã�Ñ�(J§�±?�Ú�y±Ï

���5"�ÅC�L§¥^��1¼ê�±kÃ¡õ«§ùp§·�|^�~^

�Morlet�ÅC�éCME!X����ÚAp�ê2g?1±Ï©Û"Morlet�Å1¼

ê/ª�

ψ0(η) = π−1/4eiω0ηe−η2/2 § (2.8)

Ù¥À�ω0 = 6±÷v�N^� [Farge, 1992]"FourierC�éA�±Ïτ�Morlet�Å

C����mºÝs�m�'XXe [Torrence and Compo, 1998]µ

τ = 4πs/[ω0 + (2 + ω2
0)

1/2] " (2.9)

éuω = 6§τ = 1.033s§=`²Morlet�ÅC�����mºÝ�Fourier�ªÇéA

�±ÏA�´�Ó�"

ã2.12!2.13Ú2.14w«
|^úª2.8?1�ÅC���(J£C��lÑºÝm
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ã 2.13 X����êâ�Morlet�Å©Û(J"J�L«cone of influence£COI¤"A�F¸
�éA�±Ï�3L2.3¥"

���0.125¤"ã¥���L«�&Xê99%�Y²§�A�Ì�¸�K^i1IÑ

¿�3L2.3¥"ã¥J�±	«�L«cone of influence§§É>��AK���§�

ATüØ"

' � L2.2Ú2.3� ( J § · � � ± u yCME�Fourier± ÏB£∼ 358 ±

38U¤!D£∼ 196 ± 13U¤!F£∼ 100 ± 3U¤ÚJ£∼ 36 ± 0.4U¤���

ÙMorlet±ÏA£343U¤!B£187U¤!C£102U¤ÚE£36U¤�ÎÜ¶X��

���Fourier±ÏB£∼ 259 ± 24U¤!C£∼ 157 ± 11U¤!F£∼ 68 ± 2U¤

ÚI£∼ 39 ± 0.6U¤���ÙMorlet±ÏA£243U¤!B£144U¤!C£66U¤

ÚE£39U¤�ÎÜ¶Ap�ê�Fourier±ÏC£∼ 273 ± 26U¤!D£∼ 187 ± 12U¤

ÚG£∼ 61 ± 2U¤���ÙMorlet±ÏA£288U¤!B£187U¤ÚC£66U¤�Î

Ü"Ù¥ÎÜ��Ð�´3CMEÚAp�ê¥ÑÑy�∼ 187U±Ï§ù�þ�

!Fourier©Û�(J��§/^6Ä�±ÏÉ���þCME�)�±Ï�K�"d

(Jl��ý¡`²3��pcCME(¢´Úå/^����Ì�5"d	§

L2.3¥w«Ap�êÚX����Ñäk∼ 66U±Ï§�ÑÑy3���Ó��m
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ã 2.14 Apêâ�Morlet�Å©Û(J"J�L«cone of influence£COI¤"A�D¸�éA
�±Ï�3L2.3¥"

L 2.3 �Å©Û���õÇÌ¸�¤éA�±Ï�L

Item
Periods in Days for Contour Peaks

A B C D E F
CMEs 343.0 187.0 102.0 38.3 36.1

X-ray Flares 242.5 144.2 72.1 66.1 39.3 25.5
Ap index 288.4 187.0 66.1 51.0

ã§Ïd��±@��k�a/^�´d��Úå�§�´vk∼ 187U±Ï@o²

w"��Fourier©Û(JØÓ�´§399%��&Y²þCME�¥O±Ï�X���

��¥O±Ï�'�é�"

2.2.3 nØ&?

éuù«��¹Ääk�u��g=±Ï�±Ïy�§Lou [2000; 2000b]JÑd

u�ºÝ£∼ R¯¤Rossbya.ÅÄ [Rossby and et al., 1939; Papaloizou and Pringle,

1978; Provost et al., 1981; Saio, 1982; Wolff and Blizard , 1986; Wolff , 1998]��3§

Úu��¹Ä«^|±Ï5/C§´E¤ù«y�����Ï"�â*ÿA�¤k
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�����Ñu)3��çf½çf+NC§�²~U*ÿ���u)c�Ì�

O�"Bai [1992] ÚOliver�< [1998](¢uy��çf½çf¡È�¥O±Ï���

�´�'�"ù´|ÜíºÃØ^|l���?�Ë�� [e.g., Gough and Mcintyre,

1998]�)�´lé6� [e.g., Rosner and Weiss , 1985]�)§du^2å��3§�Ü

©^Ïþ7½¬2yÑ1¥L¡ [Parker , 1955, 1979]§/¤çfé½çf+"ù��

2yAT´�Å�"*ÿ��^Ïþ2y�O±Ï��ºÝ�Rossbya.ÅÄ��m

ºÝ��§Ó¼3»�?�RossbyÅ [Lou, 2000,b]K�X^Ïþ�2y"

�����uL§�)�þ^U�º� [e.g., Parker , 1979]§CME�@�´^|²

ï /�â,»��(J [Low , 1990]§^U´ÙÄ�Uþ"��çfÚçf+¥^|

4r§;�X�þ�^U§�3üzL§¥§^U¬Øäà8"���,�4��

�§?Û���6ÄÑ�U>u��XÚ��$§l�)pUâfÚ°ªÌ�>

^Ë�"lù:þ5w§�ºÝRossbyÅ�DÂÒ���ÚCME�uº�UþME


Å¬"��½CMEu)�§¬k�Ü©Uþá£1¥�§ù
£á�Uþ��)Ú�

±RossbyÅJø
7��Uþ"ù�Ò/¤
��ÄåÆ£"XÚ§lU
�±

^Ïþ2yÚ���u¹Ä�¥O±Ï"3��$cdu"yv
�^U§��±ù

���£"XÚ'�(J§Ïd3��pc§∼ 150UO±Ï�wÍ�õ [Oliver et al.,

1998]"

Ó¼3»�?��|$ªRossbya.ÅÄ�±Ï�±d±eúª�Ñ [Lou,

2000b]µéRossbyÅÄ±Ïk

Pr
∼= P¯{|m|/2 + (2n+ 1)Ω¯R¯/[|m|(gD)1/2]} § (2.10)

éRossby–PoincareÅÄ±Ïk

Pr−p
∼= {|m|+ [m2 + 8Ω¯R¯/(gD)1/2]1/2}P¯/4 § (2.11)
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Ù¥P¯ ≡ 2π/Ω¯´���ð(g=±Ï§Ω¯R¯ ∼ 2 km s−1´»�?��g=�

Ý§g ∼ 2.7 × 104 cm s−2´��L¡å\�Ý§D�êzúp§�k�1¥�þ

Ý§(gD)1/2´��L¡åÅ�Ý§kx ≡ m/R¯´�Åê§n´÷X²ÝRossbyÅ�

�ê"3��pcÏ§��çf+½¹Ä«÷X»��©Ù�U´À�ëêmÚn��

��ë�Ï�"�>*ÿÚX��*ÿw«§��pcÏm÷X»�kü^²1�

¹Ä«ó§����¹�5 ∼ 6�¹Ä«"Ïdm�±����10 ∼ 12§Ó�du¹

Ä«�éu»�Ä�é¡§nÒA�2"��5¿�´§n�ÛêL«¹Ä«'u»�

´Øé¡�§k�*ÿ��¹Ä«(¢'u»�Øé¡"��¹Ä��«��¥O±

Ï�Ñy§�±w�´äkØÓmÚn�Rossbya.ÅÄ�E,|Ü�(J"

2.3 1(SBs¯�

2.3.1 2000cBs¯��ÚO

Bs«m��3´Úå/^���^�"·�é÷v±e^��1(SH�^

|Bs¯�?1
ÚOµ£1¤1(SH�^|©þBs ≥ 10nT¶£2¤Bs ≥ 10nT�±Y

�m�u3��¶£3¤V Bs ≥ 5mV/m [Burton et al., 1975]§ùpV´F/�����

º�Ý"ùaH�^|¯�§duÙBs±Y�m�§rÝ�'��§Ïd²~��X

r��^�y�§kX²w��mUíCz�A [Tsurutani et al., 1988]"

�âWind�E'u1(S^|Ú��ºëê�*ÿP¹§2000c�u)H�^|

¯�12g§��L2.4"L¥F/����º�ÝVÚH�^|Bs´¸�"∆t�H�^

|�u10nT�±Y�m§SW´Wind¥(l/¥ål§ts�-Å���m"dL2.4�

�§3�H�^|¯�éX�^�¥§=SÒ�1!2�ügDst > −100nT§�

�10g�´Dst < −100nT�r^�§��§ù�c¥§3H�^|¯�¤éA�^

�¥§ý�õê�r^�§¥�^�´���"�BuQã§SÒ�1�¯�{¡

�S1¯�§�daí"
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ã 2.15 U��g=±^Sü��2000cDst��m�Cz�"ã¥ç�éA12gH�^|
¯��m©"



1�Ù F�Ô���!^�Ú/^���'5ïÄ 53

L 2.4 2000cBs¯��ÚO�¹
SÒ FÏ Bs ∆t V Dstmin ts SW

nT hour km/s nT UT RE

1 01/11 24 4 500 -83 - 67
2 01/22 14 6 370 -91 - 60
3 02/12 18 4 600 -169 12/0000 132
4 04/06 26 6.5 600 -321 6/1630 68
5 07/15 50 5 700 -300 15/1430 70
6 08/11 30 4.5 650 -237 11/1910 42
7 09/17 24 4 800 -201 17/1600 238
8 10/05 27 3.5 550 -172 5/0400 252
9 10/14 14 4 400 -110 12/2300 234
10 10/28 16 6 400 -113 28/0700, 1000 188
11 11/06 12 &3 600 -159 6/0930 141
12 11/28 13 &3 600 -130 28/0600 133

�?�Ú©Û§ã2.15�Ñ2000cDst�êU��g=±�^Sü�(J"lã¥

�±wÑ§2000cDst < −100nT�r^�u)11g§Ù¥k10g�H�^|¯��é

X§�k�g´Dst����−147nT�^�§u)35�24F§Úå§�Bsm�Ø÷

v·��m©��çÀ^�"`²H�^|¯��r^�¿���éA§ØLr^�

¥�röÑ´�H�^|¯��'�"

2.3.2 2000cBs¯��©Û

�=6�p�^«£CIR¤´d�Ép�6@Øc�$���º�lfNÅìu

Ð/¤� [Smith and Wolf , 1976]§äk27U�±Ï5Æ"Ï~§31AU?§CIR�v

k��uÐå5§3Ùc��U/¤Ø Å§�5Ø9�)c�-Å"Ïd§e�

âWind*ÿ]��ä¯��^(��^�½^�Ú-Å�Ó�3§=�(½Ù

�CME"k�§dur-ÅØ §^�Ú-Åm�}«S��U/¤H�^|¯�§

ù«�¹§Ù�AT´CME"

�âþã�K©Û§2000c12gH�^|¯�§k10g�´CME§�g

´CMEÚCIRü�Ó�3§�k�g�´CIR"�[©Û�uL2.5¥"

311gCME¥Ø
S2ØU(½kÃ-Å	§Ù{10g¯���3-Å§`²ù
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L 2.5 2000cBs¯��©Û(J
¯� FÏ *ÿ©Û 
S1 01/11 ¯��lfN?uCIRS§��º�Ýl300km/sO\

�600km/s§�f§ÝTØ�3$�§Ø´^�"
CIR

S2 01/22 22F2100UT–23F0800UT^ | O \ §Bz© þ ú ^
=§Tk$�ø§¤±´^�§ØU�äkÃ-Å"

CME (01/18,
1754UT)

S3 02/12 12F0000UT-Å��§rÝ�r§0730UT–1300UT¯�
�lfN�^�"

CME (02.09,
1954UT)

S4 04/06 6F1630UTr-Å��§6F1730UT–7F0800UT*ÿ�
��lfNäkrH�^|§ u-Å}S"

CME (04.04,
1632UT)

S5 07/15 15F1430UT-Å��§15F2000UT–16F0900UT¯��
lfNäk;.�^�(�"

CME (07.14,
1054UT)

S6 08/11 11F1830UT-Å��§12F0600UT–13F0200UT�^
�"

CME (08.09,
1630UT)

S7 09/17 17F1600UT- Å � � § ¿ k õ � - Å U
\ " � � º � Ý l16F1900UT�350km/s,
�17F2400UT�900km/s"17F1900–2300UT� � �
�lfN�^�§§ uÑy317F0400UT�CIRS"

CME (09.16,
0518UT)§CIR

S8 10/05 c¡CME�^��Ü��¡�-Å¤Ø §/¤H�^
|¯�"��-Å���m�5F0400UT"

CME (10.02,
0350UT)

S9 10/14 10�12F2300UT-Å��§13F1800UTm©�^���
±Y�14F1800UT§���CIR"

CME (10.09,
2350UT)

S10 10/28 28F0700UTÚ1000UT©Ok-Å��§28F2300UT�
���lfN´^�§�Ý�400km/s"

CME (10.25,
0826UT)

S11 11/06 6F0930UT-Å��§2230UT����lfN´^��
�±Y�7F1800UT"

CME (11.03,
1826UT)

S12 11/28 28F0600UT-Å��§2300UT–29F2100UT�^�" CME (11.25,
1931UT)


CMEÑ´¯�CME"Ù¥§S8¯���AÏ§§�rBs«m´ÏL-ÅØ c�

^�S�H�^|©þ�)�"ùa-ÅJ`c�^�Úår�/^�A�y�ò3

14Ù¥�[Øã"

L2.5¥éuCME�@y·��´Uì2.1.1�!¤ã��{5ÀJ��U�Úå

1(SBs¯��CME"L2.6�Ñ
ù
Bs¯�¥CMEs�k'ëê"�âL¥¤�

�F¡ �§CME��u)3ù���«�S§F¡²ÝlE10◦�W60◦§F¡�Ý

lS15◦�N20◦§d«��3X²w�²ÝØé¡5§ÀÄÜ°"Ó�§u)�gê�

kXÀÜØé¡5§k9gu)3¥%fÌ��Ü>§À>=u)2g§=À�Üõ"

ù�c¡2.1.2�!¥���(Ø´���µU�)/^��halo CME�F¡ �©Ù
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L 2.6 2000cBs¯�¥CME�Ü©ëê
¯� FÏ �m∗ /� ÀÜ� ÝK�Ý F¡ � X���

�
DÑ�m

UT km/s hour
S2 01/18 1754 halo 360◦ 759 S16E04 M3.9 99
S3 02/09 1954 halo 360◦ 910 S14W40 C7.4 60
S4 04/04 1632 halo 360◦ 1188 N16W60 C9.7 49.5
S5 07/14 1054 halo 360◦ 1674 N17W02 X1.2 33
S6 08/09 1630 halo 360◦ 702 N20E12 C2.3 61.5
S7 09/16 0518 halo 360◦ 1232 N13W06 M5.9 36
S8 10/02 0350 halo 360◦ 525 S10E09 C4.1 79
S9 10/09 2350 halo 360◦ 798 N02W06 C6.7 96
S10 10/25 0826 halo 360◦ 770 N20W28 - 86
S11 11/03 1826 halo 360◦ 291 N02W01 C3.2 76.5
S12 11/25 1931 halo 360◦ 671 N20W26 X1.9 74.5

∗CME3C2/LASCO¥m©Ñy��m"

�3XÀÜØé¡5",��¡§�Ý«�Øé¡5¿Ø²w§�u)�gê��

¥8g§��uH�¥3g§ù�U�·�©Û���ê��k'X"

12gH�^|¯�¥§k3g¯�£S2!S9ÚS10¤�^��Ý3400km/s�m§§

��H�^|©þ��u20nT§¤E¤�/^|6ÄDst�Ñ3−100nTNC§�éÙ

§¯�´'�f�",	9g¯��)5grH�^|¯�§éA���ºÑäk�

p��Ý"ØS1	§�ÑE¤
ér�^6Ä§Dst�êÑ�u−130nT"CIR�Ü�

p�6Ú¯�CMEÑ´¦��ºäk�p�Ý��Ï"1.3.2�!¥J�§3��¹

Ä$c§CIR´Úå/^��Ì��Ï¶3��¹Äpc§/^�Ì�d�CME�

'�1(S]�(�Úå"þ¡·�©Û�´2000c�Bs¯�§Ä�?u��¹Äp

c§ù
¯���)�CIR��'5Ø�§=22%£2/9¤�¯��CIRk'"

2.3.3 2000–2001c8gA�/^�1(S

2000c �2001c ? 3 � � ¹ Ä p c Ï § � âDstê â w « § o � u

)8gDstmin ≤ −200nT�A�/^�"ù
¯��1(S*ÿêâÚåÏ§�

3L2.7¥"2000c4�7F¯�¥§�r-ÅØ �k�1(SH�^|Bs§E¤


−288nT�Dst¸�¶2000c7�16F¯�¥§14F���F�Ô���£Bastille¯
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L 2.7 2000–2001c8gA�/^��1(S*ÿÚåÏ
¯� FÏ Vsw Bmax Bsmax Dstmin 1(SåÏ

km/s nT nT nT
1 Apr 7, 2000 636 34.2 33.3 −288 Shock Compression
2 Jul 16, 2000 977 59.9 59.5 −301 MC
3 Aug 12, 2000 722 34.8 29.9 −235 MC
4 Sep 17, 2000 883 42.1 36.6 −201 Velocity increment grad
5 Mar 31, 2001 844 73.1 47.9 −387 Multi-MC
6 Apr 11, 2001 761 42.9 38.1 −271 Multi-MC & Field Draping
7 Nov 6, 2001 Data gap 82.1 78.9 −292 Shock overtaking MC
8 Nov 24, 2001 1065 70.7 46.4 −221 Field Draping

� [Sol. Phys. vol. 204, 2001]¤§31(S�m¥/¤^�§¿��r��Bs«

m§E¤
−301nT�Dst¸�¶2000c8�12F¯�¥§Ó�´1(S�m¥�^

�§��r��Bs«m§E¤
−235nT�Dst¸�¶2000c9�17F¯�¥§�X�

�CME31(S�m¥/¤
��E,��(� [Burlaga et al., 2001]§¿3Ùc�

/¤����E,�-Å}«§}«¥�3²w��ÝFÝ§¿Ø 1(S¥�H

�^|§E¤
−201nT�Dst¸�¶2001c3�31F¯�¥§ü��pJ`�^�§

31(S�m¥/¤
õ^�(�§ÙSÜ�Ø �^�H�^|©þ§E¤


−387nT�Dst¸� [Wang et al., 2003a, Ó��ë�3.2.2�!]¶2001c4�11F¯�

¥§Ó�dü��pJ`�^�§31(S�m¥/¤��õ^�(�§Ó�3

õ^�c�k���^|CX£draping¤«� [Gosling and McComas , 1987]§J

ø
r��H�^|©þ§§�õ^�SÜBséÜ�^§E¤
−271nT�Dst¸

� [Wang et al., 2003a, Ó��ë�3.2.3�!]¶2001c11�6F¯�¥§��¯-ÅJ

`¿?\
c¡��$Ä�é�ú�^�§Ø 
^�SÜH�^|©þ§E¤


−292nT�Dst¸� [Wang et al., 2003c, Ó��ë�4.1!]¶2001c11�24F¯�¥§

^�c�/¤��draping§�¹kr��1(SH�^|§E¤
−221nT�Dst¸

�"

r�H�^|��3´�)�/^��cJ^�"�âþã©Û§Úåù
A�^

��Bs�±©�üa§�a3-Å��}«S§,�a3��Ô£ù
¯�¥KÑ

´^�¤¥"?�ÚéuùüaBs§·��±«©Ù/¤��Ï"éu}«SrBs�
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/¤�Ïkµ£a¤-ÅØ 1(SH�^|¶£b¤��Ôc^|CX¶£c¤duõ

�CMEÚå�-Å}«S��ÝFÝ"éu^�SÜrBs�/¤�Ïkµ£d¤^�

����¶£e¤õ^�¶£f¤-ÅJ`¿Ø ^�"��5¿�´§ù6«¤Ï

¥§Ø£d¤±	§Ù¦5«Ñ�Ø Å�k'"ù8g¯�¥§2g´d��rH�

^|©þ�^�Úå�§6gK´d�«Ø y����rBs¯�Úå�"��§Ø

 ��H�^|�\äk/^�A"e�!�ïÄ(JTÐ�Ñ
�)ù«y���

Ï"

2.4 1(Sëê−V Bz9Ù±Y�mÚDst¸��²�úª

2.4.1 êâÀ���{

1(Sëê�/^�êDst�'X®²kL2�ïÄ£�11.3.3�!¤§�1(

Sëê!H�^|±Y�m∆t�Dst�m�{ü�*�²�úª�8vké�"ùp

·�ÁãÏé1(Sëê−V Bz9Ù±Y�m∆tÚ/^�rÝDstmin�m�'X§Ù

¥∆t�lÚå^��Bs��/¥m©�/^�êDst��¸���−V Bz ≥ 0.5mV/m

[Burton et al., 1975]��m�Ý§−V BzK�ùÏm−V Bz�²þ�§V�F/���

��º�Ý"u´§l1(S�mDÑ�/¥^�SÜ�^Ïþ�±L«�

Φ =

∫
−V Bzdt = −V Bz∆t " (2.12)

ACE�E� ��é½§§?31�.�KF:�½��±$Ä"Ïd§·

�Ì��â1998–2001cm�ACE¥(êâ£ék
vkêâ��mã§K^Wind�

E�*ÿ�O¤§©Û
ùÏm105g¥�±þ/^�£Dstmin ≤ −50nT¤¯�"d

uDst�ê���°Ý�1��§¤±·�vk�ÄlACE�E�/¥^��m�ò

�"e¡�ü�~f^5�[`²êâ�À�L§"
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ã 2.16 2000c10�28–30F§ACE�E*ÿ�1(S^|Ú��º�lfNêâ"lþ
�e©O´^|rÝB!^|z�©þBz!F/����º�ÝV!V BzÚ�A�/^�
êDst"V Bz*ÿã¥�Y²J�L«−0.5mV/m"
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2000c10�29F ¯ � ã2.16w « 
ACE� E � * ÿ ê â " ^ � m ©

u10�28F2000UT§1(S^|rÝd∼ 8nTâ,Or�∼ 20nT§Bzeü��

C−20nT/¤����Bs«m§�A�V Bz�l��eü�K�"Dst�¸�

£−127nT¤Ñy329F0400UT"ã¥ü^R��J�©OI�Ñ
Úå^�

�Bs¯��m©ÚDst�������m"J�m−V Bz ≥ 0.5mV/m�«m£=

ã¥W¿Ü©¤=�·�¤�Ä��mã∆t§w,∆t��uùü^J�m�m

�"�â*ÿ§3^������Bs«m�±Y
é��ã�m§�du§u

)3Dstmin��§é^�rÝ�/¤vkK�§¤±·�Ø��Ä"ùg¯�

¥§−V Bz = 6.40mV/m§∆t = 7.15h"

1998c11�7–8F¯� k�du1(S(��E,5§Úå�/^��UÑyV

¸$�õ¸y� [Kamide et al., 1998; Jordanova et al., 2003]"ã2.17Òw«
ù��

�¯�§^�kü�¸�§Xã¥-1.Ú-2.¤«"1��¸�£−81nT¤Ñy

311�7F1700UT§Úå^��Bs��m©u�U1100UT§V Bzm©eü¿/¤�

��f�«m£Xã¥W¿Ü©¤«¤"·��±��−V Bz = 3.57mV/m§∆t =

5.70h"1��¸�Ñy38F0700UT§�w,§É�c��^����K�§Ù�

µDst��−50nT§ lw·�Ï�Dst���"�;�ù« l�5�ÚOþ�Ø

�§·�ÒØ�Äù1��Dst¸�"

2.4.2 �)^��1(S^�

ã2.18w«
∆t!−BzÚ−V Bz���©Ùã"éuDstmin ≤ −50nT�^�§

±Y�m∆tÑ31��±þ§98%£103/105¤�¯�¥§±Y�m�L2�

�§63%�¯�33���11���m§Ù¥∆t ∼ 6���¯��õ"Bs�

²þrÝÑ�u3nT§85%£89/105¤�¯�¥Bs�L5nT§A�¤k£95%¤

�¯�33nT�16nT�m§Ù¥Bs ∼ 6nT�¯��õ"−V Bz�²þrÝÑ�



60 1(S^�9Ù�'¯��nÜïÄ

ã 2.17 1998c11�7–8F§ACE�E*ÿ�1(S^|Ú��º�lfNêâ"
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ã 2.18 ∆t!−BzÚ−V Bz���©Ùã"

u1mV/m§90%£94/105¤�¯�¥−V Bz�u7mV/m§Ù¥−V Bz ∼ 3mV/m�¯

��õ"ã¥Ó��Ñ
Γ©Ù¼ê[Ü��§(JL²ù
©ÙÑÄ�÷v,«

/ª�Γ©Ù¼ê§Ù�'XêÑ30.9±þ"

3·�ÚO���¥§k35g£∼ 33%¤Dstmin ≤ −100nT�r^�"ù
�¯

����©Ù�c¡¤k^��©Ùaq"∆tÑ�L2��§��A �37��

�m"−BzÑ�u6nT§��A �310nT�m"−V BzÑ�u3mV/m§��A �

35mV/m�m"���5¿�´§¤k©ÙÑ�A/�mk�²£§ù`²��/^

��¦���Bs£½−V Bz¤«m"dur^��gê��§¤±vk?1©Ù¼ê

�[Ü"

�âþã(J§·��±���)^��1(S^�"éuDstmin ≤ −50nT�

¥�^�§K��Bs ≥ 3nT!−V Bz ≥ 1mV/mÚ∆t ≥ 1h¶éuDstmin ≤ −100nT�

r^�§K��Bs ≥ 6nT!−V Bz ≥ 3mV/mÚ∆t ≥ 2h"�GonzalezÚTsurutani

[1987]±9Russell �< [1974]�(J'�£L2.8¤§·��ÚO�Ñ �"ù´Ï�

·�À��´BsÚ−V Bz�²þ�§¦���´���¶·���Ä
l^�m©
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�^���¸���mã§¦�ïÄ�´Úå/^����Bs«m"

2.4.3 éX1(Sëê�Dstmin�²�úª

ã2.19w«
Dstmin�∆tÚ−V Bz�'X"ã¥·��±wÑ∆tÑá31�28��

�m§éuA�^�£Dstmin ≤ −200nT¤§∆tK8¥32�14����Ä�«m

S"��§kX�±Y�m�Bs¿Ø�½U�)��/^�"duÑÑ�A§±Y

�m��§Uþ�Ñ��õ§^�rÝ�O\ÌÝ¬Åì~�§Ïd∆t�Dstmin�

'X´��5�"−V Bz�Dstmin��'5KÐ�õ§�'Xê�−0.9147"−V Bz�

�§^�rÝ��"ù�WuÚLepping [2002]�(J´���"¦�ïÄ�´1995–

1998cm�¯�§?3��$c§·�ïÄ�´1998–2001cm�¯�§ù`

²−V Bz�Dstmin�ûÐ�'5Ø=3��$c¤á§3���±�þ,ÏÚpcÏ

ì�¤á"

úª2.12L«
l1(S�mDÑ�/¥^�SÜ�^Ïþ§�lã2.19¥�±w

Ñ§§�Dstmin��'5�f�:§�'Xêâ−0.7226"w,§∆t�Dstmin�m�

��5'X��
ù«�'5�Cf"�d§·�@�−V Bz�∆t3Úå^��L§

¥äkØÓ��§u´§·�æ^Cþ(−V Bz)
α(∆t)β5[ÜDstmin�*ÿ�§Ù

¥αÚβ��½�~ê"[Ü(JL²§Xeúª

Dstmin = −19.01− 8.43(−V Bz)
1.09(∆t)0.30 nT (2.13)

äk�Ð��'Xê−0.9528"

L 2.8 �)^��1(S^��'�
Dstmin K�a K�b

£nT¤ Bs£nT¤ ∆t£hour¤ Bs£nT¤ ∆t£hour¤
r^� ≤ −100 ≥ 10 ≥ 3 ≥ 6 ≥ 2
¥�^� ≤ −50 ≥ 5 ≥ 2 ≥ 3 ≥ 1

aGonzalezÚTsurutani [1987]±9Russell�< [1974]�(J"
b·��(J"
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ã 2.19 Dst¸��∆t!−V Bz!−V Bz∆t!(−V Bz)1.09(∆t)0.30Ú(−V Bz)1.35(∆t)0.33�'X
ã"ã¥¢���5[Ü�"
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�âúª2.13§·��±wÑ∆t����u−V Bz��"b�−V BzØC§

K(Dstmin + 19.01) ∝ (∆t)0.30§∆t��é\r^�rÝ��z��¶��§∆tØ

C§−V Bz��§^��r�"ã2.19¥-A.:¤«�¯�Ò´éÐ�~f"ùg¯

�u)32001c3�31F§−V Bzk20.81mV/m§∆tâ4.90��§�§E¤
���

±�8c�����/^�§Dstmin = −387nT"ùg¯��õ^� [Wang et al.,

2002a]k'§13Ù¥§·�òé§?1�[©Û"

éun�^6N£MHD¤§Bs«m3�Ø c���Cq÷vΦ = −V Bz∆t =

constant"u´§úª2.13�±U��

Dstmin = −19.01− 8.43Φ0.30(−V Bz)
0.79

= −19.01− 8.43Φ1.09(∆t)−0.79 . (2.14)

Ï~Ø ��Bs«m�'u�©G�äk�r�−V BzÚ�á�∆t"b�,�Bs«m

�Ø ��§=∆t~���§K−V Bz�A/O\1�§(Dstmin + 19.01)����Ò�

XC¤�5�1.73�"��§Ø �H�^|'�k�G��\äk/^�A"ùÒ

´��oþ¡J��2001c3�31F�õ^�¬E¤Xd��/^�§Ó�ù�`

²
-ÅØ c��H�^|U
Úår��/^�A [Tsurutani et al., 1992a; Wang

et al., 2003c]",��¡§�âACE�*ÿ]�§·��	
1998–2000cm�¤k�

�−V Bz«m§uyo�k33�÷v−V Bz ≥ 5mV/mÚ∆t ≥ 3hours�−V Bz«m§§

�ÑÚå
Dstmin ≤ −100nT��^�§Ù¥k9�´Dstmin ≤ −200nT�A�^�"

ù9�A�^�¥k8�Ñ�1(S�m¥�Ø (�k'"

é35��^�§·�Ó��
�5[Ü£ã2.19.Ü¤§úªDstmin = −66.31 −

3.21(−V Bz)
1.35(∆t)0.33äk�Ð��'5"¿��±�O§�−150nT< Dstmin <

−500nT�§§�²�úª2.13 �Ø�33%±S"−V BzÚ∆t��êαÚβ�,Ñk¤

O\§�§�����§`²éu�^�5`§UþÑÑ�A�r�"
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2.5 �(
�ÙÏL�~©Û!ÚO©Û±9±Ï©Û§nÜïÄ
��¯�Ú/^��m�

'X§Ì���
±e(Øµ

1. 3132��¡halo CME¥§äk/^�A�Ó45%£59�¤§Úå
51g¥

�±þ/^�"¿y¢
��pcÏm§CME´¥�±þ^��Ì��Eö"

2000cÏm�k12g1(SH�^|¯�§Ù¥11g�CMEk'§�k10gÚå


Dstmin < −100nT��^�"d	§õ��C�CME�U�p�^/¤1(SE,

��(�§l�Úå��/^�§�duCME�m��pØ §ùa^�  '

�r�"13Ù¤�ïÄ�õ^�Ò´Ù¥�«AÏ�1(SE,��(�"

2. ÄgJÑé/halo CME�F¡Ðu �¥ÀÜØé¡©Ù§�ù«Øé¡5©

Ù�CME31(S�m¥$1�¯úk'" 3©Û�59gé/halo CME¥§Øü

gu)3S40◦±	§Ù¦Ñ©Ù3��F¡[S40◦, N40◦]Ú[E40◦,W70◦]���S§�

u)3Ü>�k/^�Ahalo CME'À>�õÑ57%"?�ÚÏL©Û1997–2001c

m73g-�/¥��¡halo CME§uyÙ«©ÙoN�Ü �"é¯u�µ��º

�Ý�CME§ÙF¡«©Ù� �Ü¶éúu�µ��º�Ý�CME§Ù«

©ÙK� �À>"ù�CME31(S�m$ÄL§¥ÉParkerÚ^^|K�k'"

3. é/halo CME�����ÇÊH p§3��pcÏmA���100%"

1997c�¡halo CME�����Ç�55%§k/^�Ahalo CME�����Ç

�57%"�X��pc�Åì�C§�����'Ç�3O�"�2000c§����

�Ç©OO\�80%Ú97%"��3��pcA�¤kk/^�A�halo CMEÑ��

kC?±þ����u"

4. éu�^�¯�§CME�DÑ�m�ÙÝK�Ýk�Ð��'5" CMElÑ

y3LASCOÀ��^���¸��m�DÑ�mTauÑá330h�120h����S"

3�)Kp ≥ 7��^�¯�¥§LASCO*ÿ��CMEÝK�Ý�±��300km/s�

m§��±��1700km/s�m£ã2.7¤§�ÙDÑ�mTau�ÝK�ÝÄ�÷v²�

úª2.4"
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5. CME!X����Ú^�Ap�ê�kÜ©¥O±Ï�p¬Ü§`²
§��m

E,��'5" X����(¢äkRiegera.�¥O±Ï"CME�∼ 272 ± 26U

±Ï�U����∼ 259± 24U±Ïk'§ù¿�X�Uk�a��(¢´dCME>

u�§½ö�L5"ù�c¡ÚO���p�����Ç´���"Ap�ê

�∼ 273± 26UÚ∼ 187± 12U±Ï�U©O�CME�∼ 272± 26UÚ∼ 196± 13U±

Ïk'§cÙ1��±Ï¸��wÍ§Ýép§ù`²��pcÏm§/^6Ä(

¢��/É�CME���"Ap�ê�∼ 91 ± 5UÚ∼ 61 ± 2U±Ï�U©O���

�∼ 98± 3UÚ∼ 64± 2U±Ïk'§ùV«X�k�a/^6Ä�U´d��X��

��Úå�"Ap�ê�∼ 28 ± 0.6U±ÏK´����∼ 27Ug=Úå��Ép�6

yy�£CIR¤�'"��þ�U�3��ºÝRossbya.ÅÄ´ù«¥O±Ïy

���«nØ)º"

7. uy2000–2001c�Ü©�A�^�Ñ�1(S¥H�^|�Ø y�k'"

8g¯�¥§2g´d��rH�^|©þ�^�Úå�§6gK´d�«Ø y���

�rBs¯�Úå�"

8. ��
�)¥�±þ/^��1(S^��K�" éuDstmin ≤ −50nT�¥�

^�§K��Bs ≥ 3nT!−V Bz ≥ 1mV/mÚ∆t ≥ 1h¶éuDstmin ≤ −100nT�r^

�§K��Bs ≥ 6nT!−V Bz ≥ 3mV/mÚ∆t ≥ 2h"

9. Úå/^��1(Sëê¥§−V Bz��z��uÙ±Y�m∆t" ÏL©

Û1998c�2001cm105g¥�±þ/^�¯�§&?
1(Sëê−V Bz9Ù±Y

�m∆tÚDstmin�m�'X§�Ñ
��{ü�*�²�úª2.13"�âùúª§

·��±uy3Úå^��L§¥−V BzÚ∆t¤���z´ØÓ�§r�−V Bz�

'∆t�U����^�§�∆t��§Uþ�ÑÑ�AÒ�²w"�,�Bs«m�

Ø ��§=∆t~���§K−V Bz¬O\1�§�A�/^��rÝ�Or��5

�1.7�"ùU^5)ºõ^� [Wang et al., 2003a,b]±9-ÅØ c��H�^|

¯��d3�r�/^�A [Tsurutani et al., 1992a; Wang et al., 2003c]"
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1(S�m¥�E,(�®²��2��'5ÚïÄ [Burlaga et al., 1987;

Behannon et al., 1991; Lepping et al., 1997; Cane and Richardson, 1997; Crooker et al.,

1998; Knipp et al., 1998; Burlaga et al., 2001, 2002]"E,(�SÜ���±�)-Å!

^�!Ù¦a.�p�6!�=6��"3��pc§��¹Äª�u)§CME�

u)ªÇ²þzU∼ 3.5g [Webb and Howard , 1994]§�âLASCO�CME8¹þ

£�http://cdaw.gsfc.nasa.gov/CME list/index.html¤§���±pcÏmCME²þ

zU4.2g"CME´���ºÝy�§CME��Ô3�	$ÄL§¥¬)ä§Ù1(

S�Ô�ºÝ��"1AU?§^���»��k0.28AU�m"Ïd§31(S�m

¥dõ�ICME|¤�E,���(�´�U�3�§cÙ3��pc"�§=¦

õ�CMEØ´lÓ����¹Ä«Ñ5�§duÙ�ºÝ�A5§������Ä

��Ó§·��&§�E,�±31(S/¤E,���(�"Burlaga�< [2001]

ÏL©Û1998–1999cm�¯�1(S��(�§òÙ©�^�ÚE,��£complex

ejecta¤"¦�@�ùa1(SE,��(�kd�X�k����CME|¤�§

¿�Ø��5K�^|§vk²w�/^�A [Burlaga et al., 2001, 2002]",§·

�@�31(SE,��(�¥§k�a'�AÏ§§dõ��pJ`�^�|

¤"Gonzalez�< [1999] Q��Laq�E,(�£Xã3.1¤«¤§�¿�é�*ÿ

yâ"ùp§·�ÏL©Û¥(êâ§é�
(=�*ÿyâ§Äg�ªJÑ
ùa

AÏ(�—õ^�£multiple magnetic cloud§Multi-MC¤�Vg"õ^�´d

õ��pJ`�^�Ú§��m��p�^«|¤��aE,�1(S��(�"
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ã 3.1 Gonzalez�< [1999]���kü�^�|¤�E,(�"

3.1 nØ�.�ïá

3.1.1 ^Ïþ+�.

Äuc¡¤ã§·�òkïáõ^��nØ�.§,��*ÿ]�'�§lnØ

Ú*ÿþØyõ^���3" 1.2.2�!¥®²�[/nã
k'^��nØ�.§

Ù¥Û/�^Ïþ+�.�<�ÊH�É"ùp·�Ò3Lundquist�Ãå|^Ïþ+

�.�Ä:þ§ïáõ^��nØ�."

�â�§|1.4§·���^�SÜ^|�

B = R̂Bc
R + Φ̂Bc

Φ + ẐBc
Z = Φ̂B0J1(αR) + ẐB0J0(αR) R ≤ R0 § (3.1)

Ù¥þIcL«3Û/Î�IX¥§R0 = 2.41/α�^Ïþ+��»"^�SÜ�¶�

>6���

Ic
Z =

1

µ0

∫ R0

0

αBc
Z2πR dR =

2πR0B0

µ0

J1(αR0) " (3.2)
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ã 3.2 V^�(�«¿ã"

du^�Û/�w��Ïþ+§b�^�ºÝ��uÏþ+��»§Kéu^�	

Ü^|§�±Cq@�´d¶�>6�)�§¿�Ñ��>6�K�

B = Φ̂
µ0I

c
Z

2πR
= Φ̂

R0B0

R
J1(αR0) R > R0 " (3.3)

31(S�m§^��±w���Ä�Õá�(�"�ïáõ^��.§·�?

�Úb�µ£1¤õ^�¥�f^��mvkéÚ�p'ßy�¶£2¤¦+f^

��mdu�pJ`�3Ø y�§�§�E�±�Î/�^Ïþ+(�"Ïd§õ

^��^|�±{ü�L«�f^�¤��^|�U\£ùp·��Ñ
f^�m

�E,��p�^«¤

Bt =
N∑

i=1

Bi " (3.4)

���õ^����nØA�§�	�{ü�ü«�¹µõ^�dü����

Ó�p�²1Ú�²1�f^�|¤"Xã3.2¤«§§��¶3��¡S§¿R�u

F/ë�"3/%��^��IX£GSM¤¥§^|rÝ���

B = |Bt| = |
N∑

i=1

Bi| =

√√√√(
N∑

i=1

Bc
iΦ sin Φ)2 + (

N∑
i=1

Bc
iΦ cos Φ)2 + (

N∑
i=1

Bc
iZ)2 § (3.5)



70 1(S^�9Ù�'¯��nÜïÄ

z���^|©þ£=��^|¤rÝ�

Bz =
N∑

i=1

Bc
iΦ cos Φ " (3.6)

ã3.3w«
b�¥��E*ÿ��ù«V^��^|A�"ã3.3¥�E*ÿ÷

XF/ë�fÐ²L^��¥%"£a¤¥�ü�^�p�²1§o^|rÝ3f^

��g�¥%NC����§3ü^���?ü����"^|�z�©þBzk2gå

Ï§/¤4�4�:§Xã¥êi¤«"¥m�ü�4�:-1.Ú-2.�ýé��u

,	ü�"£b¤¥�ü�^�p��²1§BÚBzÑ'u^���?é¡"o^|r

Ý�Ä�´3�g^��¥%����§�3ü^����?§=/¤����]

ø"Bz/¤3�4�:§¥m�������§,ü�¦+rÝ���§�Ew��

g�"��?�Ú�	§ã3.3£c!d¤¥�E*ÿ²1�F/ë�§�Ø²L^��

¥%"���(J�£c!d¤¥�(Jaq§�´^|CzÌÝk¤ü$"

õ^���¹´E,�§·�ùp==©Û
V^���{ü��¹§XJf

^����ØÓ§rÝØÓ§¶�� ØÓ§/¤õ^��f^��êØÓ§Ù�

¹Ò¬�Ø��"��âþã{ü�©Û§��
�
�Ä��nØA�"'Xé

ud4��p²1����Ó�f^�/¤�o^�§Ù^|rÝ�½k4�¸�§

�Bz©þ¬k4gåÏ"

3.1.2 nØ�.�*ÿêâ�'�

2000c11�26–27F§Wind�E*ÿ�
��aq^��1(S��(�

£ã3.4¤"ù�(�u11�26F1300UT��§(å�m�V327F1230UT£Xã

¥AÚB¤«¤§��±Y
1U"ù�(�ckü�-Å£ã¥S1ÚS2¤«¤§S1E

¤
^|rÝ����¸�Ú�Ý�Or§·�@�§�U´,	������Ô§

S2K´d�¡���Ô°Ä�"du·�=�Ä^���Ø´-Å§Ïd§ù�
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ã 3.3 V^�(�^|A�"£a!c¤f^�p�²1¶£b!d¤f^�p��²1"J
�ABL«b���E*ÿ´�"£a!b¤¥�*ÿ´�fÐ÷XF/ë�"
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ã 3.4 2000c11�25F1200UT–28F1200UT§Wind�E*ÿ�1(S^|Ú��º�lf
Nêâ"lþ�e©O´^|rÝB!x/y/z���^|©þBx!By!Bz!��º�ÝV!�
fê�ÝN!�f§ÝTÚ/^�êDst"ü^R�J�©OL«ù�1(S(��m©Ú(
å§n^R�:y�L«��f^�m�©.�"
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L 3.1 2000c11�24–25Fé/halo CMEa 9Ù�����¹Ä [Nitta and Hudson, 2001]
SÒ FÏ �mb ÝK�Ý �� F¡²Ý II.�>�

UT km/s
1 24/11 0530 711 X2.0 W05◦ k
2 24/11 1530 890 X2.3 W11◦ k
3 24/11 2206 935 X1.8 W15◦ ºc

4 25/11 0131 2202 M8.2 E49◦ k
5 25/11 0930 610 M3.5 W21◦ ºd

6 25/11 1931 596 X1.9 W24◦ k
aLASCO¥ÀÜ��u130◦�halo CME"
bCME3C2/LASCO¥Ñy��m"
cëY�>�u"
d�U´II.�>�"

(�c�-ÅÜ©ÒüØ3	"

3ù(�SÜ§^|rÝØo´O\�§§�^|©þ�åÏ�'�ì���é�

5K"o^|rÝBk4�¸�§Ó����º�ÝV���k4g���åÏ"·�

b�ù�a^�(�´��d4�f^�|¤�õ^�§K�âB�4�¸�§�±

ò§©¤4�Ü©§Xã¥R�:y�¤«§¥mü�Ü©��uü>�"ù4�«�

¥§kXOr�^|rÝ§�é5K�^|©þCz§��f§Ý¿Ø�;.^�¥

�@o$§ù�U´du�Ü©m��pØ ��§Ý�,p"·�@�ù4�Ü©Ä

�÷v^��Ä�A� [Burlaga et al., 1981]§Ïd§ù�(�´��o^�"

| ^2.1.1� ! � � { § · � ? � Ú @ y 
 ù g ¯ �

�CME " l24–25F o � k6g é /halo CME [Nitta and Hud-

son, 2001]§ X L3.1¤ � " § � Ñ y 3C2/LASCO¥ � � m © O

�24F0530UT!1530UT!2206UT!25F0132UT!0930UTÚ1931UT" ù6ghalo

CME�ÝK�Ý©O�711km/s!890km/s!935km/s!2202km/s!610km/sÚ596km/s"

b�ÝK�Ý���=�N
§�$Ä�¯ú§w,§c4�CME��Ý¥�4OS

�§���CME��'c��¯§cÙ14�CME��Ý��uc3��"Ïd§·

�@�§�/¤
1AU?�o^�§Ù¦halo CME$1�ú§±�uÃ{/¤õ

^�"ùl��ý¡`²
þã�1(S(�(¢´o^�"3/¤ù�o^�

�CME¥§c3�áu5guÓ��¹Ä«��qCME [Zhang and Wang , 2002]§
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ã 3.5 Wind�E�*ÿêâ�o^��.[Ü��'�"ã¥êi-1–5.L«¢S*
ÿ��z�^|©þ�åÏ"

14�Ø´"�qCME´du§�gÓ�¹Ä«§��k�q�����!EUVV

«ÚÙ¦�
F�CzA��¶"

�?�Úy¢ù�1(S(�´o^�§·�|^þ��!�nØ�.5[Ü*

ÿêâ"du^��êLõ§�d·�|^±eb�5{z[ÜL§µb�ùo�^

��¶p�²1§�Ñ3��¡SR�uF/ë�¶Ó�b��*ÿ´�÷XF/ë

�²L��^��¥%"duù
b�§·�=Áã[Üo�^|rÝ"Wind�*ÿ

êâ��´���²þ�§¿�^���¦{ [Marquardt , 1963]5?1[Ü"e¡�

úª^5�O[Ü�ûÐ§Ý

χ2 =
∑

(B −Bf )2/N § (3.7)
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Ù¥B�*ÿ�§Bf�[Ü�§N�êâ:�ê"BÚBfÑ´8�z���"�â�

.Úb�§I�[Ü4�gdCþB01!B02!B03ÚB04£��f^��B0�¤"

ã3.5w « 
 [ Ü ( J " �B01!B02!B03ÚB04 © O

�16.84!34.24!18.60Ú13.29�§[Ü�J�Z§χ2 = 0.027§�'Xê�0.695"ã

¥�w«
�A�z�^|©þ��§§�*ÿêâ��'5Ø´éÐ§du�.�

LÝ{ü§ù´Ã{;��"3·��nØ�¥§Bzk4gåÏ§*ÿêâw«

T©þkX5gåÏ"ù��OÌ�u)3����f^�¥§nØ��*ÿ��

���"ù�U�/¤����f^��CME�cn�ØÓk'"14�halo CME�

cn�ØáuÓ�X��qCME§�Ù�u�F¡²Ý�Ù¦A�����"�Ä

�¢S�¹�E,5§nØ�.=U�Ñ�Ä���
ÎÜ*ÿ�^|A�"e¡ò

�Ñ�õ�*ÿ¯~§¿o(Ñõ^��*ÿA�"

3.2 �õ�*ÿyâ9ÙA�

3.2.1 2001c3�3–5F¯�

ã3.6w«
ACE¥(*ÿ����E,�1(S(�"§c¡k���f�

-Å§Ñy33�3F1036UT"E,(��c¡Ü©§l4F0505UT�1205UT§´�

�^�£MC1¤"Ù^|rÝ8.3nT§'±��1(S^|�p
§^|���k

X^=Cz§�f§Ý��$"3ùÏm§±lf��f�Ý'Nα/Np�é�p

£∼ 0.1¤§ù`²§´F���Ô [Hirshberg et al., 1972; Ogilvie and Hirshberg , 1974;

Neugebauer , 1981; Neugebauer and Goldstein, 1997; Skoug et al., 1999]"�fβ�²þ

��0.059§$u��º¥β31AU?�;.�0.1 ∼ 1§¿��;.^�SÜ��

£β = 0.06± 0.04¤�� [Farrugia et al., 1993a; Burlaga et al., 2001]"d	§3ù^�

S§��º�Ý�úü$§�3Ù�Ü§��º�Ý�k¤�,£Xã3.6 ¥�m

¤«¤"ù`²MC1�,�Ù¦(�J`§Ù�ÜÉ�Ø "
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ã 3.6 2001c3�3–5F§ACE�E*ÿ��1(S^|Ú��º�lfNêâ"lþ�e©
O´^|rÝB!^|�����¡�Y�θ!��¡S^|���F/ë�Y�φ!z��^
|©þBz!��º�ÝV!�fê�ÝN!�f§ÝT!�f9Ø�^Ø�'�β!±lf�
�f�Ý'Nα/Np±9/^�êDst"
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L 3.2 2001c2�27F–3�3F�m�halo CMEa 9Ù�����¹Ä
SÒ FÏ �mb ÝK�Ý ��¹Ä F¡ � `²

UT km/s
1 28/02 1450 313 V^�� S17◦W05◦ éAuMC1
2 01/03 1826 631 V^�� S33◦E05◦ éAuMC2
3 02/03 1006 370 - - �¡¯�º"EIT

aLASCO¥ÀÜ��u130◦�halo CME"
bCME3C2/LASCO¥Ñy��m"

lã¥�±wÑ§J`§�´,��^�£MC2¤§§m©u4F1525UT§¿

��±Y�5F0135UT"3ÙSÜ^��A�Ñ'�²w"§SÜ^|�13.1nT§

'MC1¥�^|r"^|��kX�²w�^=§$��f§ÝÚβ�£=

0.067¤§±9�é�p�Nα/Np"3MC1ÚMC2�m´���p�^«"dAÏ�«

�S§^|rÝåÏì�§��uü>^�S�rÝ�§Ó�βþ,����p�

Y²£∼ 0.1§Xã3.6¥��¤«¤"MC1!MC2Ú§��m��p�^«|¤
·

�½Â�õ^�"3õ^��¡§��º�ÝÚ§Ýþ,§�Ý�é�$§ù�

U´���=6(� [Hundhausen, 1972]"

· � ë �Gopalswamy� < ? > �CME8 ¹ þ £ ä N �http://

cdaw.gsfc.nasa.gov/CME list/index.html¤ §5@yùg¯��CME"·�=�

Ä3LASCOÀ�¥ÀÜ��L130◦�halo CME [Hudson et al., 1998]"L3.2�Ñ


l2�27F–3�3F�m�¤khalo CME§Ø3ù��mã�CMEØ��U/¤3�4F

c��1(S¯�"

L¥�11�CMEu2�28F1450UTÑy3C2/LASCO¥§§ÝK�Ý��

�313km/s"EIT195Å* ÿ � ù � m � c f Ð k � � w · V ^ � u §  

�3S17◦W05◦"12�CMEÑy33�1F1826UT§ÙÝK�Ý�631km/s"ù

�CME� ´ d w · V ^ � u Ú å � §   � 3S33◦E05◦" 13�CMEÑ y

33�2F1006UT§ÝK�Ý�370km/s",ùg¯�vkEIT�*ÿêâ§Ó

��vkV^��½���u���§Ïdé�Uù�CME´�¡¯�"
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õ^�¥�ü�^�fÐéAü�halo CME"b�CME�ÝK�ÝUL«§3

1(S�m¥$Ä�¯ú§K12�CME��Ý�u11�§Ïd§UJ`þc��§

¿/¤õ^�"�âCliver�< [1990]�ó�§1(S-Å�F/²þDÑ�ÝVt�

�A31AU?ÿ������º�ÝVmax��÷v²�'X2.1"·��	õ^�c

Ñy33�3F1036UT�-Å§§AT�MC1�'é"ù�§·��O��§�²þD

Ñ�Ý�614.8km/s§�1AU?ÿ������º�Ý£∼ 500km/s¤´���"

3.2.2 2001c3�31F¯�

ã3.7w«
ACE¥(*ÿ����E,�1(S(�§§m©u0505UT"

3§c¡´��ér�c�-Å§Ñy33�31F0020UT"E,(�¥�

11�^�£MC1¤Ñy30505UT�1015UT"Ù^|kX²w�^=§rÝ�

���49.1nT§H�^|©þBs ��47.9nT§Bs ≥ 10nT�±Y�mòC3�

�§�Ý'Nα/Np�0.1�m§β�0.074"�éuMC1SÜ�H�^|©þ§Ù

c¡�-Å}«S�Bs��§¿�åÏì�"l1235UT�2140UT§�E²L

12�^�£MC2¤"3MC2¥§β ∼ 0.075§Nα/Np ∼ 0.1§Bmax!BsmaxÚ∆T©O

�41.4nT!36.8nTÚ7.5��"2001c�ACE¥(*ÿêâL²§3ü�^�¥�f§

Ý�Ñ3104Kù�þ?§$��$"3ùg¯�¥§f^�¥��f§Ý3105K±

þ§�L
;.�"·�@�ù�U´duf^�m�pJ`Ø Úå�"

ã3.7¥��Ý�L²§��º�Ý3MC1ÚMC2¥Ñ´eü�§�3MC1�

Ü§��º�Ýk¤�,£Xã¥�m¤«¤"ù`²MC1ÚMC2�m(¢�3Ø 

y�§¿3§��m/¤
���p�^«"Óþ��¯�aq§�p�^«S§^

|�f§�åÏ��§vk5K§β�£,��p��1.0"MC1!MC2Úù�p�^

«/¤
õ^�"Ù�§´,�������§§°Ä�-Å���m�2140UT§

;�X^��Ü"
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ã 3.7 2001c3�30F1200UT–4�1F1200UT§ACE�E*ÿ��1(S^|Ú��º�l
fNêâ"
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L 3.3 2001c3�26–30F�m�halo CMEa 9Ù�����¹Ä
SÒ FÏ �mb ÝK�Ý ��¹Ä F¡ � ¹Ä« `²

UT km/s
1 28/03 0127 427 C5.6 flareº N20◦E22◦º 9401º éAuMC1
2 28/03 1250 519 M4.3 flare N18◦E02◦ 9393 éAuMC2
3 29/03 1026 942 X1.7 flare N20◦W19◦ 9393 éAuejecta

aLASCO¥ÀÜ��u130◦�halo CME"
bCME3C2/LASCO¥Ñy��m"

L3.3�Ñ
l3�26–30F�m�¤khalo CME"11�CMEu3�28F0127UTÑ

y3C2/LASCO¥§§ÝK�Ý���427km/s"EIT195Å*ÿ�õ���¹Ä3

TCME�u�mNCÑy§ÏdJ±(½=�´§�",GOES¥(�*ÿ]�

w«§0129UT3¹Ä«AR9401u)�gC5.6?O�X����§ �3N20◦E22◦"

·�6½T«�Ò´1��CME�«"12�CMEÑy3Ó�U1250UT§ÙÝK

�Ý�519km/s"ù�CME�u)3N18◦E02◦£¹Ä«AR9393S¤�M4.3?���

'§���u�m�1121UT"13�CMEÑy329F1026UT§ÝK�Ý�942km/s"

§�u)3N20◦W19◦£¹Ä«AR9393S¤�X1.7?���'§���u�m

�0957UT"

ù3�CME�u�m�m�m�©O�11.4hÚ21.6h"12�CME$Ä¯uc�

�CME§§�/¤
1AU?�õ^�§13�CME§KéAõ^���@��

�Ô"Gopalswamy�< [2000]�ÚOïÄL²§��¯�CME31(S�m¥¬~

�§ú�CMEK¬\�"Ïd§¦+13�CME$Äé¯§�du31(S�m$

ÄL§¥�U�3�~�y�Ú§�c��CME�é����mm�§31AU?§=

ff`þc��õ^�"òõ^�c�-ÅéAuMC1§·��±�OT-Å�

²þDÑ�Ý�587.8km/s§�/¥NCÿ������º�Ý∼ 710km/s'�§ØÎ

Ü²�'X2.1"=¦b�T-Å�MC2'é§T-Å²þDÑ�Ý�700.3km/s§E

ÎØÎÜT²�'X"
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ã 3.8 2001c4�11–14F§ACE�E*ÿ��1(S^|Ú��º�lfNêâ"
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L 3.4 2001c4�8–11F�m�halo CMEa 9Ù�����¹Ä
SÒ FÏ �mb ÝK�Ý ��¹Ä F¡ � ¹Ä« `²

UT km/s
1 09/04 0006 653 EUV dimming S25◦E16◦ 9415º
2 09/04 1554 1192 M7.9 flare S21◦W04◦ 9415 éAuMC1
3 10/04 0530 2411 X2.3 flare S23◦W09◦ 9415 éAuMC2
4 11/04 1332 1103 M2.3 flare S22◦W27◦ 9415 éAuMC3

aLASCO¥ÀÜ��u130◦�halo CME"
bCME3C2/LASCO¥Ñy��m"

3.2.3 2001c4�11–13F¯�

ã3.8w«
ACE¥(*ÿ����E,�1(S(�§§m©u2215UT"3§

c¡kü�²w�-Å§©OÑy34�11F1312UTÚ1527UT"E,(�¥�11�

^�£MC1¤Ñy311F2215UT�12F0355UT"Ù^|kX²w�^=§rÝ�

���33.5nT§H�^|©þBs ��34nT§Bs ≥ 10nT�±Y�m�2��§�Ý

'Nα/Np�C0.1§β�0.078"du^�m@Ø§MC1S��f§ÝEpu;.�"

l12F0805UT�13F0705UT§�E²L12�^�£MC2¤"3MC2¥§^�A�²

w§β ∼ 0.014§Nα/Np ∼ 0.1§Bmax = 20.6nT"

MC1ÚMC2�m´�p�^«§ÙA��cü�¯�aq"3ùõ^��

´13�^�£MC3¤ §§��l13F1230UT±Y�14F1005UT§Ù°Ä�-Å

u13F0705UT��"du3MC3�MC2�m�3-Å(�§Ø÷v·�éõ^�

�½Â§¤±vk�Ä3S"

L3.4�Ñ
l4�8–11F�m�¤khalo CME"�âEITÚGOES¥(�*ÿ

]�§§�Ñ´é/CME"XJ11�CMEéAuMC1§KÙ²þDÑ�Ý

�590km/s¶XJ12�CMEéAuMC1§K²þDÑ�Ý�770km/s"MC131AU?

�Ý���740km/s§Ïd§·�@�12�CME´MC1�"u´§13�CMEé

AuMC2§Ù²þDÑ�Ý�820km/s§14�CMEéAuMC3§Ù²þDÑ�

Ý�890km/s"òõ^�c�-ÅéAuMC1§KT-Å�²þDÑ�Ý

�919.8km/s§�1AU?ÿ������º�Ý740km/s�'�§÷v²�'X2.1"
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L 3.5 õ^�ÚBurlagaE,��(�*ÿA��'�
õ^� E,��

^| �¹õ�f^�9Ù�p�^«§z�f
^�÷vü�^��^|CzA�§=^
|rÝO�§^|��²w�^="

^|rÝO�§�^|��C
zÃ5K"

�f�ÝNÚ
§ÝT

z�f^�¥NÚβÑü$§k�du
f^��m�Ø §T�U¬pu^�
¥�;.�¶f^�m��p�^«
¥TÚβ,p"

NÚTCzE,"

��º�Ý f^�ÞÜ�Ý��§���úeü§�
Ük¤O\"

��6�>600km/s�ü�¯�
6§äkØ5K��Ý¿¡"

±´Ý H++
e /H+����"

±Y�m 1AU?±Y1U�m§�ü�^��;.
�mºÝ£0.28AU¤�C"

1AU?�±Y3U§´ü�^�
;.�mºÝ�3��m"

�� dõ�CME§ÏLJ`!@ØÚ�p�^/¤"
/^�A �õê��kr��/^�" Ã/^�A"

3.2.4 *ÿA�o(

�âþãn�¯~§·�o(ÑXe5�õ^��A�µ

1. X½Â`ã§õ^�=�¹^�9^�m��p�^«"

2. õ^�¥�z�f^�Ñ÷vü�^��Ä�A�"duf^�m��pØ

 §�f§Ý�U p§��fβ�E,$u0.1"

3. duØ §3c�£=�J`�¤f^���Ü§��º�Ý¬k¤�,"

4. �p�^«S�^|rÝ�é�f§�åÏ��§vk5K"

5. �p�^«S§�f§ÝÚβ£,��p��"

33.1.2�!¥J��o^�duØ §Ý�§�p�^«Ø²w"õ^��é

uBurlaga�< [2001; 2002]JÑ�E,��(�kX����O§L3.5'�
ùü«

E,(��*ÿA�"

éùng¯�éA�CME�@yw«§/¤õ^��CMEØ�½�¦lÓ

���¹Ä«�)"X3�3–5F¯�¥§/¤õ^��CME´dü�w·V^

�uÚå�",��¡§Cliver�< [1990]���²�'XØ�½·Ü/¤õ^�

�CME"õ^�´dõ�^��pJ`�¤�§c¡�ú�^�¬É��¡¯�^

��@Ø\�§��§�¡�^�¬É�c¡^��{	~�§Ïd§õ^�

¥ICME�$Ä5Æ�ü�ICME�$Ä5Æ´ØÓ�§cö�E,"
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L 3.6 õ^�*ÿÚ�.[Ü��
ëê
¯� Ba Tb B0

c Hd R0
e θf φg tc

h Di/R0 χ2 corj

Date No. nT hour nT AU hours

Mar. 3-5
1 7.5 7.0 6.1 1 0.032 -31◦ 270◦ 2.4 0.468

0.249 0.90
2 10.0 10.2 10.0 -1 0.088 -87◦ 177◦ 8.0 0.169

Mar. 31
1 39.1 5.2 64.7 1 0.044 -54◦ 134◦ 1.6 0.353

0.191 0.84
2 29.7 9.1 33.5 1 0.084 -55◦ 315◦ 1.7 0.310

Apr. 11-13
1 26.1 5.7 27.9 -1 0.029 -83◦ 257◦ 0.3 0.290

0.103 0.94
2 9.2 23.0 15.0 -1 0.164 -20◦ 266◦ -1.5 0.096

aObserved average magnetic field strength of MC.
bDuration of MC.
cAxial field magnitude.
dThe sign of cloud’s helicity, 1 indicates right-handedness and -1 indicates left-handedness.
eRadius of cloud.
fLatitude of cloud axis, GSM.
gLongitude of cloud axis, GSM.
hCenter time from start of cloud.
iThe closest approach distance from the axis of the cloud.
jCorrelation.

ùn�õ^��±Y�m©O�20.5!16.6Ú32.8��§�;.�ü�^��±

Y�m´���"ù`²õ^�31AU?�Ø §Ý´é��"'�õ^�SÜ

��f^��±Y�m£XL3.614�¤«¤§·�uyMC1�ºÝÑ�uMC2�º

Ý"��=¦3Ó��õ^�SÜ§f^��Ø §Ý�´ØÓ�§c¡�J`�

f^�Ø §Ý�x³"

·�|^3.1.1�!£ã�õ^��.5[Ü*ÿêâ"�3.1.2�!¥J��¯

��'§ù3g¯�Ñ´V^�§�¹�é{ü§Ïd·�Áã[Ü^|¥þ"Ó

[Üü�^�aq [Burlaga, 1988; Lepping et al., 1990]§õ^�¥�z�f^�Ñ

k7��½�ëêµ£1¤^�¶%?�^|rÝB0¶£2¤ÚÝÎÒH = ±1¶£3¤

�»R0¶£4¤^�¶�éu��¡� �θÚ£5¤φ¶£6¤l^�¶�C:²L�

��tc¶£7¤T:�^�¶�ålD"·�æ^���²þ�*ÿêâÚ���¦{

[Marquardt , 1963]5?1[Ü"e¡�úª^5u�[Ü�Ð�§Ý

χ2 =
∑

[(Bx −Bf
x)2 + (By −Bf

y )2 + (Bz −Bf
z )2]/N § (3.8)
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Ù¥fL«[Ü�^|�§NL«êâ:�ê§�BÚBfÑ´²LB08�z�

��"L3.6�Ñ
[Ü�(J"χ2©O�0.249!0.191Ú0.103§��'Xê©O

�0.90!0.84Ú0.94"$χ2Úp�'XêÑL²
4Ð�[Ü§Ý§`²|^õ^�

�.5[Ü*ÿêâ´�1�"

�âL3.6§�O�MC1��»��30.07AU�m§�u���MC2��»"ù�

c¡���c��^�Ø §Ý�u���^�´���"Ó��õ^�¥§f^

��¶����±´?¿�§¿�f^��ÚÝÎÒ��±ØÓ§X3�3–5Fõ^

�¥§ü�dw·V^�u�)�^�Ù�O�ÚÝÎÒ´���§ù
Ñ�õ^

��5E,5"XJ�Ä^�3$ÄL§¥�)ä§@o*ÿ��^��¥%AT 

�^��c>."��â¢S�*ÿêâ§ù3gõ^�¥��º�ÝÑ�é'�²

"§^�)ä�A��§ù�U�^�É�@Øk'"L¥[Ü�(Jw«§Ø11�

õ^�¥�MC2§Ù¦¤kf^��¥%E�ÌÝ� �c>."3)ä�AØw

Í�cJe§ùq�`²
f^�ÞÜÉ��Ø ���uÙ�ÜÉ��Ø "éu

J`�^�£MC2¤§ù´�±n)�§§c�É�MC1�{	§Ïd�@Ø��x

³¶�éu�J`�^�£MC1¤§%Ã{n)�Û�´ÞÜ�Ø ��x³"é

u11�õ^�¥�MC2§Ù¥% ��Ü>.§K�U´du�¡�=6�r�

Ø E¤�"

3.3 ê��[

3.3.1 O��ª9Ð>^�

3þã*ÿ]��Ä:þ§·�|^��n©þMHDê��[5?�ÚïÄõ

^�31(S�m¥�DÂ"O��{æ^©êÚ{ [Yanenko, 1971; Zheng et al.,

2003]"
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�ÄXe�Ü¯Kµ

∂u

∂t
+ Ωu+ f = 0 § (3.9)

u(x, 0) = u0(x) " (3.10)

-�È©$�Î

Ω = Ω1 + Ω2 + · · ·+ Ωp § (3.11)

¿�Ω1, · · · ,Ωp�±Cqd$�ÎΛ1, · · · ,Λp�O§=

Λ1 ∼ Ω1, · · · ,Λp ∼ Ωp § (3.12)

Ó�Λs�ü����$�Î�Ú

Λs = Λs0 + Λs1 § s = 1, 2, · · · , p " (3.13)

é�§3.9?1�©Cq

un+1 − un

∆t
+

∑
s

Λs0u
n +

∑
s

Λs1u
n+1 + fn = 0 " (3.14)

éA�§3.14�
�Ú�ª�

un+1/2p − un

∆t
+ Λ11u

n+1/2p = 0 §

un+2/2p − un+1/2p

∆t
+ Λ21u

n+2/2p = 0 § (3.15)

... §

un+p/2p − un+(p−1)/2p

∆t
+ Λp1u

n+p/2p = 0 §
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�
un+1 − un

∆t
+

∑
s

(Λs0 + Λs1)u
n+1/2 + Fn = 0 § (3.16)

Ù¥Fn´fn�Cq"d�§|3.15��un+1/2p, · · · , un+(p−1)/2p�

(1 + ∆tΛ11)(1 + ∆tΛ21) · · · (1 + ∆tΛp1)u
n+1/2 = un " (3.17)

ò�§3.16¦±(1 + ∆tΛ11) · · · (1 + ∆tΛp1)§¿b�

(1 + ∆tΛ11)(1 + ∆tΛ21) · · · (1 + ∆tΛp1)Fn = fn § (3.18)

K�ª��'u∆t��§

un+1 − un

∆t
+

∑
s

Λs0u
n +

∑
s

Λs1u
n+1 + fn

+ ∆t2{[I
∑

s

(Λs0 + Λs1)−
∑

s

(Λs0 + Λs1)I]u
n+1/2

+ I[
un+1 − un

∆t
]} = 0 § (3.19)

ù3�mþäk��°Ý�ü��©�ª§Ù¥

I =
∑
i<j

Λi1Λj1 + ∆t
∑

i<j<k

Λi1Λj1Λk1 + · · ·+ ∆tp−2Λ11 · · ·Λp1 " (3.20)

�Λs����9Ù������§�§|3.15Ú�§3.16´½�"

éu¥�Ie��Cn�MHD�§|kXeÃþj/ª[Jeffrey and Taniuti , 1964]

∂u

∂t
+ Ar

∂u

∂r
+ Aθ

1

r

∂u

∂θ
+ Aϕ

1

r sin θ

∂u

∂ϕ
+ F = 0 § (3.21)
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u =




ρ

vr

vθ

vϕ

Br

Bθ

Bϕ

p




(3.22)

Ar =




vr ρ 0 0 0 0 0 0

0 vr 0 0 0 Bθ/ρ Bϕ/ρ β/2ρ

0 0 vr 0 0 −Br/ρ 0 0

0 0 0 vr 0 0 −Br/ρ 0

0 0 0 0 vr 0 0 0

0 Bθ −Br 0 0 vr 0 0

0 Bϕ 0 −Br 0 0 vr 0

0 γp 0 0 0 0 0 vr




(3.23)

Aθ =




vθ 0 ρ 0 0 0 0 0

0 vθ 0 0 −Bθ/ρ 0 0 0

0 0 vθ 0 Br/ρ 0 Bϕ/ρ β/2ρ

0 0 0 vθ 0 0 −Bθ/ρ 0

0 −Bθ Br 0 vθ 0 0 0

0 0 0 0 0 vθ 0 0

0 0 Bϕ −Bθ 0 0 vθ 0

0 0 γp 0 0 0 0 vθ




(3.24)
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Aϕ =




vϕ 0 0 ρ 0 0 0 0

0 vϕ 0 0 −Bϕ/ρ 0 0 0

0 0 vϕ 0 0 Bϕ/ρ 0 0

0 0 0 vϕ Br/ρ Bθ/ρ 0 β/2ρ

0 −Bϕ 0 Br vϕ 0 0 0

0 0 −Bϕ Bθ 0 vϕ 0 0

0 0 0 0 0 0 vϕ 0

0 0 0 γp 0 0 0 vϕ




(3.25)

F =
1

r




ρ(2vr + vθ cot θ)

−(v2
θ + v2

ϕ) + (B2
θ +B2

ϕ)/ρ+ α/r

vrvθ − v2
ϕ cot θ − (BrBθ −B2

ϕ cot θ)/ρ

vϕ(vr + vθ cot θ)−Bϕ(Br +Bθ cot θ)/ρ

Br(2vr + vθ cot θ)

vrBθ + vθ(Br +Bθ cot θ)

vrBϕ + vϕ(Br +Bθ cot θ)

γp(2vr + vθ cot θ)




(3.26)

Ù ¥t, r, ρ, v, B, p© O ² LτA, RS, ρ0, VA, B0, p08 � z §β = 8πp0/B
2
0§VA =

B0/
√

4πρ0§α = GMS/RSV
2
A§τA = RS/VA§RS����»§MS����þ§G�Ú

å~ê"

3n��m��¥^i, j, k©OL«r, θ, ϕn���"éì�§|3.15§�©�æ^

¥%�©�ª§¿�â½^�§¦Λs0 = 0�Λs1 = Λs§���ý�Ú�©/ª

w
n+1/6
i,j,k − wn

i,j,k

∆t
+ Ar

w
n+1/6
i+1,j,k − w

n+1/6
i−1,j,k

2∆r
= 0 (3.27)

w
n+2/6
i,j,k − w

n+1/6
i,j,k

∆t
+ Aθ

w
n+2/6
i,j+1,k − w

n+2/6
i,j−1,k

ri∆θ
= 0 (3.28)
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w
n+3/6
i,j,k − w

n+2/6
i,j,k

∆t
+ Aϕ

w
n+3/6
i,j,k+1 − w

n+3/6
i,j,k−1

ri sin θj∆ϕ
= 0 (3.29)

Ù¥§w�±´u½F"u´���Ú�

wn+1
i,j,k − wn

i,j,k

∆t
+Ar

w
n+1/2
i+1,j,k−w

n+1/2
i−1,j,k

2∆r

+Aθ
w

n+1/2
i,j+1,k−w

n+1/2
i,j−1,k

ri∆θ

+Aϕ
w

n+1/2
i,j,k+1−w

n+1/2
i,j,k−1

ri sin θj∆ϕ
+F n+1/2 = 0 " (3.30)

3�ÝÚ²Ý��¦^±Ï>.^�§éuIþk

f(r,−θ, ϕ) = f(r, θ, ϕ+ π), f(r, π − θ, ϕ) = f(r, π + θ, ϕ+ π) (3.31)

éu¥þvr, vθ, vϕk

vr(r,−θ, ϕ) = vr(r, θ, ϕ+ π), vr(r, π − θ, ϕ) = vr(r, π + θ, ϕ+ π),

vθ(r,−θ, ϕ) = −vθ(r, θ, ϕ+ π), vθ(r, π − θ, ϕ) = −vθ(r, π + θ, ϕ+ π), (3.32)

vϕ(r,−θ, ϕ) = −vϕ(r, θ, ϕ+ π), vϕ(r, π − θ, ϕ) = −vϕ(r, π + θ, ϕ+ π).

3�[^��L§¥§·�b�¶é¡§=∂/∂ϕ = 0§u´{z�fÌ¡S��

n©þMHD�§|"�[«��20RS ≤ r ≤ 320RS§0◦ ≤ θ ≤ 180◦§æ^151 × 92�

�¶r����'��§θ���∆θ = 2◦�þ!��"Ð��µ^|�ü4|§¿

3»�?ò�>^|��§l�)�»�>6¡§�Ý|��»��Ý|"3

.>.I½^|B0 = 1000nT!�Ýv0 = vr0 = 400km/s!ê�Ýn0 = 400cm−3ÚØ

åp0 = 3.5nPa§ºÜ��gd>.§�\�C�§§�ª��äk�½��º�Ý�

�µÐ�£ã3.9¤"l��NC�	§^|rÝl1000nT×�eü�AnT§�ÝÄ

��±3400km/s�m§lp�	k��ú�O\"
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ã 3.9 �[��µ�"

3.3.2 (J©Û

3þã�µÐ�¥§·�3.ÜÚ\�»�R0 = 3.5RS!�Ýv = v0 = 400km/s�

^�"3R ≤ R0�§^��^| /dLundquist)£úª1.4¤£ã§Ù¥%^|r

Ý��µ�3�§^�S�Ý��µ�3�¶3R0 < R ≤ 2R0�§^|rÝÚ�Ýd^

�>.���µ�LÞ"Ó��âØå²ï§í�Ñ^�S§Ý©Ù"

b�^�÷Xθ = 90◦£=»�¤���	$Ä§·���Xe(J§Xã3.10¤

«"3t = 60hours�§^�DÂ�150RSNC§^��»)ä�∼ 35RS§»��Ýu

Ð�500km/s�m"ã3.11�Ñ
31AU?§ l��»�>6¡5◦�/����^|

Ú�lfN�§J��m=�^��N"^�¥§o^|kX²w�Or§H��

^|£=Bθ¤lH��^=§3^�cÜ/¤��Bs«m"��º�Ýl523km/sC

qüNeü�478km/s§)ä�Çvexp ' 22.5km/s§Ñ�u1AU?AlfvénÅ����§

�*ÿÄ��� [Klein and Burlaga, 1982]"^�càâfê�ÝÚ§ÝkX���O

r§ù�±w�´-Å�}«SØ Úå�"^�SÜ§ÝKeü�105K±e§/¤

$§�ø§�Ù>.Ø�*ÿ(J@o²w"9Ø�^Ø�'β�ü�0.1�m§�*

ÿ��C"

oN5`§�[(J¥§^��n�*ÿA�ÑéwÍ"^�l20RS?$1

�1AU?²{
∼ 72��§ÙºÝlÐ©�∼ 14RS)ä�∼ 68.4RS ' 0.32AU§ù�

*ÿ��;.^��ºÝ´��� [Lepping et al., 1990]"Ó�§�O��^��²þ

)ä�Çvexp ' 70.6km/s�u1AU?�)ä�Çvexp§`²^���C��)ä�¯§
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ã 3.10 ü�^��	$1L§¥�ëê©Ù�¹"
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ã 3.11 31AU?§ l��»�>6¡5◦�/����^|Ú�lfN�"
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ã 3.12 V^��	$1L§¥�ëê©Ù�¹"
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ã 3.13 31AU?§ l��»�>6¡5◦�/����^|Ú�lfN�"

�X�	Øä$Ä§)ä�Ý3Øäeü [Vandas et al., 1995, 1996b]"

��[õ^�31(S�m¥�DÂA�§·�3m�12���ü�ØÓ�

�l.Ü\\�Ó�^�§��ö£MC2¤�Ý�600km/s�uc��^�£MC1¤

��Ý400km/s§±BU`þc¡�^�"ã3.12w«
V^��ëê©Ù"Ó�

3t = 60hours�§$1�150RSNC§��þÑ¥V¸©Ù"

1AU?*ÿ��^|Ú�lfN�Xã3.13¤«"õ^�����mvk\

¯§�ü�^�DÂ�1AU?��m��"o^|kügOr§duMC1üàÑÉ�
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@Ø§ÏdÙ^|rÝ�u�kcàÉ�@Ø�MC2¥�^|"V^�¥^|H�

�©þkügkH���åÏ§�ã3.3¥�nØ���"��º�Ý±Yeü§â

f§ÝÚβ�¥yü��é$�]�§ü^��m�^|Ñy�4��§=��p�

^«§�p�^«S§β£,��p�"ØMC1�Ü��º�Ývk�,	§�[�

��V^�A�Ä��*ÿA���"du�pØ §1AU?§MC1ÚMC2�ºÝ

©O�49.7RS ' 0.22AUÚ45.6RS ' 0.20AU§²w�uþ¡ü�^���~§`²ù

ü�^�3DÂL§¥�p@Ø§Ã{�ü�^�@�31(S�m¥gd)ä"

�,õ^���[(J�Nþy
�
Ä��*ÿA�§�EkNõØv�

?µ£1¤3É�MC2@Ø�§MC1��Ývk²w�O�§Ù�Ý¸��ü�^�

��C¶£2¤MC1�Ü��º�ÝvkÏØ w«Ñ�,�,�¶£3¤Uì3.2!

¥�*ÿ©Û§õ^�¥�c�^�Ø �'��^���
§��[(J§üö

ºÝ�Øõ¶£4¤Éê�O��ª���§Ã{�[Ñ^�c¤°Ä�-Å"��Ð

��[Ñõ^�31(S�m¥�DÂL§§I�?�Ú�UõO��ª§3�\

ý¢��¸¥?1�["

3.4 /^�A

õ^�´d^�|¤�§Ïd§n¤�,�äk�½�/^�A"ùÙ©

ÛL�õ^�¯�§Ñ��k/^��u)"2000c11�26–27F�õ^�Ú

å
27F0200UT��g−80nT�/^�"ù�^��¸�Ì�´d12�f^�¥

�Bs�)�£Xã3.4¤"32001c3�3–5F�õ^�¥£ã3.6¤§MC1�^|r

Ý=8.3nT§�A�Bsvk�L6nT§ÏdùÏmvk*ÿ�^�"3MC2¥§

^|����13.1nT§Bs��12.9nT§¿�Bs ≥ 10nT�±Y�m�3.5��§§Ú

å
3�5F0300UT�¥�^�£Dstmin = −73nT¤"��5¿�´§ùãBsÑy

3MC2��Ü§§²wÉ��¡�=6Ø �K�"Ïd¦+Úå^��Bs3õ^

�SÜ§�§�)��Ï�´AT8(�^���=6��p�^"32001c3�31F
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�õ^�¥£ã3.7¤§MC1cà�^|H�©þ��47.9nT§±Y�m�C3�

�§§�c�-Å}«S��ã�f�Bs«méÜ�^§E¤
�U0900UT�A

�/^�§Dst¸��−387nT§´���±�8c�����/^�"MC2¥��

3��é��Bs«m§Bs¸��36.8nT§±Y�m�7.5��"§Ø=��ò�
^

�Ï��m§�E¤
,��Dst¸�§T¸����−284nT§Ñy32200UT"Ú

åùgA�^��É~r��1(SBsÌ�´dõ^�¥f^���pØ Úå

�"32001c4�11–13F�õ^�¥£ã3.8¤§MC1¥�Bs«mÚc�-Å}«S

�Bs«méÜ�^§E¤
11F2400UT�A�/^�£Dstmin = −271nT¤"é

uMC2§duÙSÜ^|A�Ñ´���§¤±vkÚå/^�"

�âþ¡©Û§Ø12g^��)��Ï´du�=6é^��Ø 	§Ù{Ñ�

õ^�k'"�â2001c3��4��m�Dstêâ§·�uyùü��S�u)5g

�^�£Dstmin ≤ −100nT¤§Ù¥2gA�^�£Dstmin ≤ −200nT¤"w,§ùÏ

m�¤kA�^�Ñ�õ^�k'§½2/5��^�´dõ^�Úå�"ù
Ñ`

²
§õ^�é�U´,�«�^��1(SåÏ"2001c3�Ð�õ^�A�v

k/^�A§©Û�ÏØJuy|¤õ^��f^���^|�f§Øv±Úå/

^�"

2.4.3�!¥§ÏL©Û1998–2001c�105g¥�±þ^�§®²o(Ñ��{ü�

²�úª2.13"�XT�!���ã¤?Ø�§�âù�úª§XJ^|Ø c�^

ÏþÅð�{§Ø ��Bs«m'�5��Ø �Bs«m��ä/^�A"õ^�

¥§f^��m��pØ y�´²w�§Ïd§õ^�äkr��/^�A´�

±n)�"

3.5 �(
�Ùl*ÿ©Û§nØ�.§ê��[n��¡é1(S¥�aAÏ�E,��(

�—õ^�?1
ïÄµ



98 1(S^�9Ù�'¯��nÜïÄ

1. ÄgJÑõ^��Vg§¿l*ÿþy¢
õ^���3" 3��p

c§CME�u)ªÇ��zU3.5g§Ïdõ�CME31(S�m¥�pJ`§/¤

õ^�´�U�"=2001c3–4�m§·�Òuy
3gõ^�¯�"

2. ïá
õ^��nØ�.§©Û
õ^��^|A�" uynØ�*ÿ�¬

Ü"�ânØ�.§õ^��^| /�ÙSÜf^��|Ü�ª���'"f^

��ºÝ��§^|rÝ§ÚÝÎÒ§¶����Ñ¬K�o�õ^��^| 

/"Ïdõ^��¹�f^��õ§�U�|ÜÒ�õ§^|Ò�E,"

3. o(Ñ
õ^��*ÿA�µ £1¤õ^�=�¹^�9^�m��p�^

«¶£2¤õ^�¥�z�f^�Ñ÷vü�^��Ä�A�"duf^�m��p

Ø §�f§Ý�U p§��fβ�E,$u0.1¶£3¤3c�£=�J`�¤f^

���Ü§��º�Ý¬k¤�,¶£4¤�p�^«S�^|rÝ�é�f§�åÏ

��§vk5K¶£5¤�p�^«S§�f§ÝÚβ£,��p��"d	§õ^

��ºÝÄ��;.^�ºÝ��"õ^�¥�f^�ÑÉ�
���Ø §c�

�f^�'���f^�Ø ��x³§^|¥%þ �cà"ÚBurlaga�< [2001;

2001]JÑ�E,��'�§üökXwÍ�ØÓ£L3.5¤"

4. |^ê��[§éV^�31(S�m¥�DÂ?1
ÐÚïÄ" uy�[(

J�¢S*ÿ�V^�A��N��"^|kü�¸�§BzkügåÏ§��º�

Ý±Yeü§âf§ÝÚβþ¥yü�$�ø§ü^��m�^|Ñy�4��§=

��p�^«§�p�^«S§β£,��p�"ÏL�ü�^�'�§uyc��

^���1AU?��m¿vkJc¶�ùü��pJ`�^��ºÝÑ��uü�^

��ºÝ§ù`²^�m��p@Ø��
^��)ä",duê��ª���§

E,�3�
Øvµ£1¤3É�MC2@Ø�§MC1��Ývk²w�O�§Ù�Ý

¸��ü�^��~¥��C¶£2¤MC1�Ü��º�ÝvkÏØ w«Ñ�,

�,�¶£3¤õ^�¥�c�^�ºÝ���^���Øõ§�*ÿØ��Î¶

£4¤Ã{�[Ñ^�c¤°Ä�-Å"
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5. �Ñ
õ^���äkr��/^�A" 2001c3–4�m�u)5gDstmin ≤

−100nT��^�§Ù¥=k�ügA�^�£Dstmin ≤ −200nT¤Ñ´dõ^�Ú

å�§Ù¥3�31F�õ^�E¤
���±�8c�����/^�",��¡§

3ù3�õ^�¥§�Ò11�õ^�du��^|�f§vkE¤/^�"du

õ^�SÜ�3XwÍ�Ø y�§¤±§´Úå�^������1(S"
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1oÙ -ÅJ`^�

���Ô�éu�µ��º��Ý�u�/�¯^(Å��§c�Ò¬/¤�

�-Å"Tsurutani�< [1992a]ÏLïÄ5�A��/^�£Dstmin ≤ −200nT¤§u

yk3�¯�´�-ÅØ c¡�1(SH�^|©þk'"¦�@�ù«-ÅØ

 Å�kXAÏ�/^�A"^�SÜ��Ñ�3X���H�^|§ù�-ÅØ

 Å�Jø
cJ^�",§^�¥´ÄU
�3-Å´����5¿�¯K

[Tsurutani and Gonzalez , 1997; Gonzalez et al., 1999]"Ï~1AU?��º¥�¯^(

Å�´50 ∼ 70km/s§3^�¥du�lfNβ��$§¯^(Å�é�§k���

C200km/s§Ïd��^�¥éJ�3-Å"�´§��¡J`���Ô�Ýv
�

�§§¤°Ä�-ÅEk�U?\¿B�c��^�"�Ù?Ø�:Ò´-ÅJ`

¿?\^��y�§±9�'�/^�A"

4.1 ;.¯~©Û

4.1.1 ACEÚWind�E*ÿ

ã4.1w«�´2000c10�2–6F§ACE�E�*ÿ(J"��§ACE�E3GSM�

IX¥� ��(225,−29, 5)RE§*ÿ���E,(�"3¥(�*ÿÏm§

ÿþ��p��Ý'Nα/Np§L²§´F���Ô"10�3F0010UT���´

��-Å§§dÙ�����ºÝ�^�°Ä"ù�^�²L�E��m

l10�3F1018UT�5F0534UT§�¤±¡��^�§´Ï�§SÜkXOr�

^|!�²w�^|��^=Ú$��f§Ý"^��c�>.�±�â�f§Ý

�Í,eüÚ�fβ�u0.15(½"du^�S^|¥þ�^=Ì�3θ��§Ïd§

^��¶Ì�´²1u��¡¿R�uF/ë��"
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ã 4.1 2000c10�2F1200UT�6F1200UT§ACE�E*ÿ��GSM�Ie1(S^|Ú�
�º�lfNêâ"lþ�e©O´^|rÝB!^|�����¡�Y�θ!��¡S^|
���F/ë�Y�φ!z��^|©þBz§��º�ÝV!�fê�ÝN!�f§ÝT!�f
9Ø�^Ø�'�β ±9±lf��f�Ý'Nα/Np"
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�âã4.1¥�*ÿ�§��kü�-Å½^(Å?\�^�SÜ£Xã¥

-S1.Ú-S2.¤«¤"S1��ACE��m�10�4F1336UT§�
ëêÑy�f

�mä"o^|Bl11.6nTO\�14.8nT§H�^|©þl10.6nTO\�13.4nT"�

�º�ÝÚ�fê�Ý©Ol407.7km/sÚ8.5cm−3 O\�432.4km/sÚ12.1cm−3"b

½S1´-Å§·��±�OS1�$Ä�Ý"Ï�*ÿêâ�°Ý¯K§|^�¡½n

3�O-Å�{�L§¥¬ké��Ø�"Ïd·�b�-ÅDÂ�����º�Ý

���Ó§�âþei�ëêCz§|^ëY5�§5�O-Å�Ý

Vsh =
NdVd −NuVu

Nd −Nu

" (4.1)

�O��S1�-Å�Ý∼ 491km/s§C��-Å�IX¥�±��þi�Ý�

�83km/s"�/¯^(Å�Ý��90km/s§ÏdS1��U´�^(Å"

S2� �ACE� � m �10�5F0240UT§ § � Ø   r Ý w , 'S1� �

õ " 3S2. ¡ ? §B!Bs!VÚN© O l7.3nT!6.8nT!363.6km/sÚ6.9cm−3a

C �18.0nT!15.6nT!459.5km/sÚ15.8cm−3" Ó � § � O � �S2� - Å � Ý

�534km/s§�éu-Å
¡§þi�Ý�C200km/s§��u�/�¯^(Å

�Ý"Ïd§S2´��DÂ3^�SÜ�c�¯-Å"

ã4.2w«
Wind�E�A�*ÿ]�"Wind�E �3(32,−220, 110)RE§

§�ACE�E�F/��ål��193RE§�\�C1AU"§�*ÿ�

�ACE� E � � � a q " ^ � l10�3F1219UT± Y �5F0625UT§ ^ � °

Ä�-ÅÑy33F0100UT"ù
�mÑÑ¢�uACE�E�*ÿ"S1�

�Wind�m�10�4F1421UT§o^|d11.4nTO\�13.9nT§H�^|©þ

l9.5nTO\�12.4nT"��º�ÝÚ�f§Ý©Ol400.5km/sÚ6.0cm−3þ

,�425.8km/sÚ8.1cm−3"Ó�§dúª4.1§�±�O��S1�$Ä�Ý�

�498km/s§C��-Å�IX¥§þi�Ý�98km/s§�Cu�/�¯^(Å�

Ý§ÏdS1é�U´�^(Å§Ø´-Å"S2��Wind��m�10�5F0328UT"
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ã 4.2 2000c10�2F1200UT�6F1200UT§Wind�E�*ÿêâ9/^�êDst"
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L 4.1 ACEÚWind�E*ÿêâ'�
S 1 S 2

Bd/Bu Bsd/Bsu Vd/Vu Nd/Nu Vsh Bd/Bu Bsd/Bsu Vd/Vu Nd/Nu Vsh

ACE 1.28 1.26 1.06 1.42 491 km/s 2.47 2.29 1.26 2.29 534 km/s
Wind 1.22 1.31 1.06 1.35 498 km/s 2.77 3.02 1.34 2.10 590 km/s
eIuÚd©OL«-ÅþiÚei"
Vsh��O�-Å�Ý"

L 4.2 é-A.!-B.Ú-C.n�.¡�*ÿ
‘A’ ‘B’ ‘C’ *ÿ: �
UT UT UT RE

ACE 10/3, 10:18 10/4, 13:36 10/5, 02:40 (225, -29, 5)
Wind 10/3, 12:19 10/4, 14:21 10/5, 03:28 (32, -220, 110)
Vx

a 170 km/s 460 km/s 430 km/s
a.¡÷XF/ë����$Ä�Ý"

3 Ù 
 ¡ §B!Bs!VÚN© O l6.5nT!5.1nT!357.0km/sÚ8.3cm−3a C

�18.0nT!15.4nT!479.0km/sÚ17.4cm−3"�O���-Å�Ý�590km/s§��

u�/�¯^(Å�Ý"

4.1.2 �E*ÿ]��'�

ACEÚWind�E?3ØÓ� �§Ïdùü�^(ÅÚ-Å3ØÓ�E?*ÿ�

��mÚrÝÑk¤ØÓ"�â*ÿ]�§S1ÚS2��c�^|*ÿ�§Wind�E?

���uACE�E?�"Uì^Ïþ+�.§ù`²ACE�E��C^��¶"

L4.1�Ñ
�
1(Sëê3S1ÚS2.¡?�Cz"Wind*ÿ��S1.¡ü>

�ëê'�ACE*ÿ��é�C§Wind*ÿ��S2.¡ü>�ëê'K²wr

uACE*ÿ��"��§-Å3DÂL§¥¬P~§Ïd��C/¥§S2?�Ø 

'AT�f"�¯¢þS2.¡?Ø '3O\§ùÌ�´d*ÿ ��ØÓÚå

�§Wind�E?�^|� �§�/�¯^(Å�ÝÒ�é $§éu�Ó�-Å§

ÙØ 'Ò¬Op"

�?�Ú©Ûùg¯��üzL§§·��	
-A.!-B.Ú-C.n�.

¡£L4.2¤"Ù¥-A.�^��c÷§-B.Ú-C.©O�S1ÚS2�.¡"�
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ã 4.3 2000c10�Ð¯�¥ACEÚWindü��E�éu^� ��«¿ã"

âACEÚWindü��E*ÿ���m�§�±�OÑùn�.¡3F/ë���

þ��ÝVx".¡-A.�OÑ�ÝVx = 170km/s��u^�c>.?���º�

Ý∼ 430km/s§ù`²ACEÚWindü��EÑl^��¶��§�Wind��>�

£ã4.3¥w«
§��éu^���U �¤§ÏdAÛ�A��
.¡-A.�Ý

�u¢S*ÿ��T?��º�Ý".¡-B.��Ý�O�460km/s§�þ�!�O

�S1��ÝVsh'��C§`²S1�DÂ����´÷XF/ë����".¡-C.

��Ý�O�430km/s§��uL4.1¥¤��S2��Ý§ÏdS2�DÂ�� lF/

ë�����§ù��U´þ¡J��Wind*ÿ��S2?Ø '�uACE*ÿ��Ø

 '��Ïj"

^�¥^|�é�r§-ÅØN´�3§��J`�-Åv
r�§E,k�U?

\^�"Vandas�< [1997a]Q�[L-Å�^���p�^"¦��(Jw«§-Å

3Bß^��L§¥¬~�§¿ò�Ü©UþD4�^�§Ó�^��Ø ¿Cý"

·�@�2000c10�Ð�¯�¥§S13?\^�c´��-Å§?\^��§duU

þ���Ú�/¯^(Å�Ý�O\§¦�ðC�^(Å"��-Å�rf�B\^

���f�k'X"
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4.1.3 /^�A

�âã4.2¥Dst*ÿ�§2000c10�Ð�¯�Úå
4–5F��gr^�"ù

g^�Ñy3�¸�£Xã¥3�çn�¤«¤§áuõ¸(��/^� [Tsurutani

and Gonzalez , 1997; Kamide et al., 1998]"^���SÜ�^|ÚS1�Ø Úå


4F2100UT�11�¸�Dstmin = −143nT§�S1�Ø éf§éDst¸��/

¤vk���z"S2-Å��r�Ø «�§��
5F0800UT^��12�¸

�Dstmin = −175nT"13�¸��/¤K�-Å����Ôk'"

-ÅØ c�^�SÜ�H�^|©þ  ¬kXØÓÏ~�/^�A"ã4.4w

«�Ò´u)32001c11�6F��g�\wÍ�¯�"ACE�E&ÿ��]�¥"

��lfNêâ§·�Ò^Wind�E�*ÿ]��O"�du-Å�r§±�Å�

��lfNêâ�Î"�"lã¥�±wÑ§r-Å����m�11�6F0124UT"

-Å
¡c�^|3θ��kX²w�^=§�âWind�E��lfNêâ§-Åc

�f§ÝÚβ�Ñ�$"ù
`²-ÅcJ`�´��^�"^����Ü©�-Å

��Ø «Ü§/¤
�ãÉ~r��Bs«�§��±Y5��"3-Å
¡§^

|rÝl24nTÍ,aC�62nT§Ø «¥^|rÝ�����82nT§^|�H�©

þ�����81nT§^|A�´����H�"-Åéc�^��Ø ��Or


^�SÜBs�/^�A§ù�ã��Bs«���
11�6F0700UT��gA�/^�

£Dstmin = −292nT¤"

-ÅJ`^�¿?\^��¯�±c�kL��§X1979c4�5F¯� [Burlaga et

al., 1987]Ú1995c10�19F¯� [Lepping et al., 1997]"3ùü�¯�¥§-Å��^

|Ñ�Ø �
40nT�m§�Ø ��^|é^��/¤¿vk�o�z§Ï�-Å

Ø �´��^|"

þã©ÛL²§-ÅJ`^�¤Úå�/^�A�éõÏ�k'§X^���^|

�rÝ§�Ø ^|���§-Å�rÝ±9-Å?\^���Ý�"w,§�-Å

Ø �^|7LkH�©þ´¦-ÅØ äk�r/^�A�cJ^�",§3�
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ã 4.4 2001c11�5F�7F1200UT§ACE�E*ÿ��1(S^|!Wind�E*ÿ���
�º�lfNêâÚ/^�êDst"



1oÙ -ÅJ`^� 109

ã 4.5 ^� /«¿ã"

��Ó�^�e§-Å?\^�õ�?U����/^�Aºù�¯K��Y¿Ø@

ow´�"e�!·�òlnØþ5ÐÚ&?ù�¯K"

4.2 nØ©Û

4.2.1 b���.

^�

E,|^^Ïþ+�.£=úª1.4¤§5£ã^�"Lepping�< [1990]|^ù�

�.[Ü
�þ�*ÿêâ§uy^��¶3θ��©Ù3−15◦ ± 47◦��S§3φ�

�8¥3102◦ ± 34◦�m§Ù¥θÚφ´¶�éu��¡�Y�"Ïd§3·��nØ�

.¥b�^��¶Ò3��¡S§¿�R�uF/ë�£ã4.5¤"u´b�¥��E

ò÷Xx¶&ÿ§¿²L^��¥%"�âúª1.4§3GSM�IX¥*ÿ��^��

^|�kyÚz©þµ

By = −BZ § (4.2)

Bz = BΦ " (4.3)

3J1(αd) = αdJ0(αd)§=d = 0.76 R0£d��^�¥%�ål¤?§Bz��4�"



110 1(S^�9Ù�'¯��nÜïÄ

J`�-Å

·�3^��¡Ú\��c�¯�Ø -Å"1(S-Å��d,���Ô°Ä

X§-Å���Ô�m�Ø «�ºÝ�����Ô���ºÝ�±'[ [Zhang and

Burlaga, 1988; Erkaev et al., 1995]"�{z�.§·�b�-Å÷Xx¶DÂ§du

3x¶þ^��^|vkx©þ§u´E,��¹ÒC�{ü�î�R�-Å��¹"

3n�MHD¥§-Åþei�m�ëê�±dRankine–Hugoniot'X5éXµ

[ρun] = 0 § (4.4)

[ρunut − Bn

µ0

Bt] = 0 § (4.5)

[ρu2
n + p+

B2

2µ0

] = 0 § (4.6)

[ρun(
1

2
u2 +

γ

γ − 1

p

ρ
) + un

B2

µ0

− Bn

µ0

u ·B] = 0 § (4.7)

[Bn] = 0 § (4.8)

[unBt −Bnut] = 0 " (4.9)

ùp§uL«-Åë�X¥��º�lfN�Ý§B�^|rÝ§ρ��Ý§p�9

Ø§γ�õ��ê§eIu!d!nÚt©OL«-Å�þei±9mä¡�{�Ú�

�"ÎÒ[F ] ≡ Fu − FdL«mä¡ü>ëêF��"

3î�R�-Å�b�e§�±��Xeúª

2− γ

M2
a

r2 + (
γ

M2
a

+
2

M2
c

+ γ − 1)r − (γ + 1) = 0 § (4.10)

Ù¥r = Bd/Bu½Â�-Å�Ø 'Ç§Ma�-Åë�X¥þi6��þiAlfvén�

Ý�'§=Alfvénêâê§Mc�þi6��þi(��'§=(êâê"�ý9L
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ã 4.6 -ÅØ ^��«¿ã"

§§Kγ = 5/3§�§4.10k�=k��Ôn)"

�§4.4–4.9=�Ñ
-Å
¡ü>ëê�'X§-Å���lfNG�Ã{(½"

-Åd��Ô°Ä§Ïd��C��Ô^|�Ø �§Ý��"XJE,^r5L«-

ÅØ ��^|rÝ��kG��'§KrATÅìO�"du-Å�Ù°ÄÔ�m�

}«�°§=�Ä}«¥�C-Å¡�«�§·�K�Ñù¥Cz§?�Úb�r��

~ê"

^ÏþÅð

b�^�¥�^|´��lfNÈ(�§K^ÏþòÅð"�âù�b�§|^e

¡�úª§�±��^��-ÅØ «��±Y�m"

Φ =

∫ ∆t

0

Bzvdt =

∫ ∆t0

0

B0
zv

0dt § (4.11)
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ã 4.7 ^�¥ëê�Cz�"lþ�e©O�µ��º�Ýv§^|rÝB§^|z©
þBz£¢�¤Úy©þBy£J�¤§9Ø�^Ø'β§Alfvén�ÝVa£¢�¤Ú(�Vc£J
�¤§AlfvénêâêMa£¢�¤Ú(êâêMc£J�¤§±9Ø 'Çr"R0�^���
»"

Ù¥Φ�^Ïþ§v = vx�F/�����º�Ý§t��m§þI-0.L«vk-Å

Ø ��¹"ã4.6�«¿ã§w,§Ø 'Ç��§^��A§Ø «��±Y�m

�á"

/^6Ä

1.3.3�!¥J�§1(SBs¯�é/^���z�±^Dst∗5£ã"úª1.12

dDst∗(t)
dt

= Q(t)− Dst∗(t)
τ

£ã
Dst∗�1(S^�ÍÜ¼êQ�'X"�â�þ�ÚOïÄ§Q = vBzØ=/

ª{ü��*ÿ��¬Ü [Gonzalez et al., 1994; Vennerstroem, 2001]"d	§^�Ïm

ÑÑ�mτ��Ø�~ê [Gonzalez et al., 1989; Prigancova and Feldstein, 1992; O’Brien
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ã 4.8 -Å?\^��üzL§"£a¤¥�©O���º�Ýv§^|rÝB§^|z�©
þBzÚ�O�Dst∗"£b¤¥�©O�-Å?\�ÝØÓ�§-Å
¡����º�Ývc§
^�¥^|rÝ���Bmax§H�^|©þ���BzminÚ�A�^�4�Dst∗min"

and McPherron, 2000a]",�C�ÚO(Jw«§τ�~ê�Ä§é(Jvk²w�

K� [Vennerstroem, 2001]"Ïd§3�ODst∗�§·�b½τ = 8��§��~ê"

4.2.2 nØ(J

^�¥%rÝ��B0 = 20nT§��º�Ý�v = 430km/s§�ÝÚ§Ýþ

!"ã4.7w«
^�¥ëê�Cz"du^�SÜ^|rÝ�Cz§Alfvén�

ÝVa§AlfvénêâêMa�´Cz�"�C^�¥%,β�~�§VaO�§Ma~�§l

r�~�"3ù~f¥§^�>.?r�u2.0§^�¥%?r�C1.0"

^���Ú\�Ý�650km/s�¯�c�-Å"·�=�	Bz��H�^���Ü

©"ã4.8w«
�.���-Å?\^��üz(J§ã¥dL«-Ål^�¥%�
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ã 4.9 �Ä)ä�A�§^�¥ëê�Cz�"

ål"ã4.8a¥�ç�[��L«-Å?\^���"�-Åf?\^��§Ø 

'Çr��§^|Ú��º�Ý�aCÌÝ���"Ó�du^ÏþÅð§^�m©C

A"�X-ÅØä�\^�§��º�Ý����3Øä~�§���^�Ì�1(

SåÏ���Bs§=−Bz¿Ø´üNOr�"Ó��§�O�Dst∗min�Ø´üNü$

�"3,��Ý?§-ÅØ ^��/^�A����"

ã4.8bò(Jw«���Ù"Xþã¤`§3-ÅBß^��L§¥§Å���

�º�ÝüN~�§^|rÝ����kO\�~�§Bzmin3d = dBz = 0.95R0?

�����−22.5nT§��©�−11.6nT�'O\
94%"�AÚå�/^��?O

Czaqu^|rÝ"3-Å`þ^�c§=d > R0�§Dst∗min = −124nT=d

^�Úå¶�-ÅDÂ�^�¥%§d = 0§�O�Dst∗min�−138nT¶���^�

£Dst∗min = −153nT¤Ñy3-ÅBß�d = dDst∗ = 0.61R0?"�vk-ÅØ ��

¹�'§Dst∗min�Czþ∆Dst∗min/Dst
∗
min���23%"��5¿�´§¦+Bs3Úå

^��L§¥åX4Ù���^§�dDst∗�dBz´Ø���"
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ã 4.10 �Ä)ä�A�§-Å?\^��üzL§"

XJ�Ä^�31(S$ÄL§¥�)ä�A§K^�¥ëêCzXã4.9¤«"

��º�Ý¥yeü�FÝ§ùp^��)ä�Ý��30km/s§����/Alfvén�

Ý���§�*ÿ�Î [Klein and Burlaga, 1982]"�Ã)ä^��'�§éõëê'

u^�¥%¥Øé¡©Ù§��.���(J´aq�"

ã4.10w«
-Å?\^��üz�"3d = dBz = 0.95R0?§Bzmin��

���§�Ã-Å�¹�'§ÙCzÌÝ∆Bzmin/Bzmin�1.14"Dst∗min�4��

´keü2£,"3-Å`þ^�c§=d > R0�§Dst∗min = −117nT=d^

�Úå¶�-ÅDÂ�^�¥%§d = 0§�O�Dst∗min�−131nT¶���^�

£Dst∗min = −150nT¤Ñy3-ÅBß�d = dDst∗ = 0.59R0?"�vk-ÅØ ��

¹�'§Dst∗min�Czþ∆Dst∗min/Dst
∗
min���28%"�þ�~f�'§��/^�

A��Ý\�
§CzÌÝO�
"
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ã 4.11 �J`�-Å�ÝØÓ�§(J�Cz"��µBz4�:l^�¥%�åldBz §4
�:��Bzmin±9BzminCz�z©'"m�µDst∗4�:l^�¥%�åldDst∗§4�:
��Dst∗min±9Dst∗minCz�z©'"

þ¡ü�~fÑ3-Å�ÝVshock = 650km/s�¹e���"(Jw«�

X-ÅØä�\^�§Ù/^�AØo´O\�"�
éÑù«kX��

/^�A��Ý�5Æ§·�?�ÚO�
�þ�kXØÓ-Å�Ý�~

f"w,§Bzmin!∆Bzmin/Bzmin!Dst∗min!∆Dst∗min/Dst
∗
min±9dBzÚdDst∗¬k¤

ØÓ"ã4.11w«
(J§��´'uBzmin�§m�´'uDst∗min�"dBz�

u0.9R0§�X-Å�Ý�O\§dBz�úeü§Bzminl−15.4nTeü�−31.0nT§

�A�∆Bzmin/Bzminl0.33üNO\�1.66"Ø
dDst∗CzkØÓ	§Dst∗min�

�Bzmin�aq"dDst∗�Cz�~²w§-Å�r§dDst∗��§-Å?\^��

�"�X-Å�Ý�O\§Dst∗minüNeü§∆Dst∗min/Dst
∗
min�Aþ,"�Vshock =

550km/s�§dDst∗ = 0.86R0§Dst∗min = −124nT§∆Dst∗min/Dst
∗
min = 6%"�Vshock O

r�750km/s§dDst∗ = 0.31R0§Dst∗min = −172nT§∆Dst∗min/Dst
∗
min = 47%" Ï~§

-Å3DÂL§du�±���º�p�^¬P~Cú§ÏddDst∗AT�uþã��

O�"
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4.2.3 ?Ø�Øv

Äk��5¿�´§Dst∗�DstØÓ§§��m�'X�±^úª1.11L«"��

�¹e§Dst∗�Dst��Øõ§�3k
�¯�¥§Dst∗�±��uDst [Tsurutani et

al., 1992b]"É~r����ºÄØò^�ºí�l/¥éC�ål§lE¤ÏÕ�

´�¥ä� [Anderson et al., 1974; Lanzerotti , 1992]"Ïdk�Dst∗�U�NÑ¯��

î§Ý"

¦+Bs´Úå^�����1(S�Ï§��âþ�!nØ©Û�(J§Bzmin�

������Ý¿ØéAuDst∗min�������Ý"ù(J´�±n)�§Ï�

3^��/¤L§¥��º�ÝVÚBs�±Y�m∆t�åX�^"�â2.4!¥�

��Dst�−V BzÚ∆t�m�'X§�^|È(§^ÏÅð�§Dst£Ø´Dst∗¤

¸�÷vúª2.14"w,§∆t�á�^�rÝ��",§3-ÅBß^��L

§¥§∆t¿Ø´üN á�§§�BzminÚDst∗min��§3-Å?\�^�,��

Ýd∆t�§∆t�á§=^��Ø ��A"ã4.12�Ñ
d∆t�-Å�ÝO��Cz"

�Vshock < 650km/s�§d∆t�dDst∗��C§�-Å�Ý��§�¬Ü"�Vshock�

L650km/s�§d∆té¯ü�"§=-Å?\�^�¥%�§∆t�á§^��A"ù«

Cz(J´d�.�LÝ{ü���§�·�==�	
^�äkH�^|©þ�

��Ü©"oN5`§Bzmin�������Ý¿ØéAuDst∗min�������Ý§

�ÏL�2.4!¥²�úª�'�§üö�(J�´Ä����§d∆t�dDst∗'��

C§�,§��mEk
� �§ùé�U´dDst∗�DstØÓÚå�"

3nØ�.¥§b�-Å´î�R��"3¢S�/¥§AT´�-Å§-Å�

{�Ø�½÷XF/ë����§�^�S^|�¬kx©þ"3�-Å¥§^|

BL-Å
¡���¬UC§éu¯-Å§^|¬ l{���"3�õê�¹e§

^|��� =é/^�A´åOr�^�"2001c10�Ð�¯�Ò´�g�-Å?

\^��~f£ã4.13¤"Xã¥θ�¤«§T-ÅØ=Ø 
^�§Or
^|H

�©þ§�¦^|���H =§¦�^|H�©þ��"
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ã 4.12 �J`�-Å�ÝØÓ�§dDst∗£¢�¤!dBz £J�¤Úd∆t£:�¤�Cz"

XJ-ÅDÂ�Ýé¯§½-Å�c�^��åéC§@o3§���1AUc§-

ÅÒ�U®²BL^�
"3ù«�¹e§-Å��°ÄÔÒ¬�c¡�^���@

Ø?1�p�^§/¤E,��(� [Burlaga et al., 2001, 2002]"XJ��°Ä-Å

��´��^�§K¬/¤13Ù¤ïÄ�õ^� [Wang et al., 2002a]"duõ^

�¥f^��m��pØ §§Ó�¬��A�/^�§X2001c3�31F¯� [Wang

et al., 2003a,b]"

�Ù4.1!©Û
2000c10�Ð��g-ÅJ`^��¯�£Xã4.1Ú4.2¤"Ù

¥S2´��¯�c�-Å§�Ý��550km/s"�â·��nØ�.§éA550km/s�

-Å§dDst∗AT��0.86R0"�â*ÿ�§w,ù�-Åâ`þ¿?\^�§

Ïd·�@�ùg¯�A�®²��
���/^�A"ã4.2¥çn�L«^�

�Dst¸�"11�Dst¸��−143nT§§´d^������^|H�©þÚå�¶

12�Dst¸��−175nT§´d-ÅØ ^����"'�ùü�Dst¸�§·��±

uy§du-ÅØ Úå�Dstmin�CzÌÝ�22%§�nØ�O�6%ØÎ"�)ù
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