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' D 5 X � � y 2 x ] � L � � � y 2 x u G ' Y } H 4 A s O >  � 2 |

[1]
� y � f s !

e f J L � & � e J s . f  � L . f D A % n  n % " q 2 x � f S { � y 2 x s y [ � �

� < @ � � i ? v 
 � � ` � ` m  y � � � j G & K � ^ 6 ( � v V E � X � � ; s � E %

a � Q ] � CME s 7 � 5 c � ; % a V � 
 < s �

1971 i 12 l 14 � � ; | E _ = > n CME �n 2007 i x �| 7 2 A p O > = > M
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L C3 G J ) w 1996|2007 i x = > n s CME ? G F M 13 000 � e b 
 � = > ?  q n M

. � CME e & � = ; J s ` o S �

[2� 5]
� � � \ b _ ~ = > s CME � 5 y w Y 2 u Y

� s a X � J K CME s = > ; J c 
 ( ; J � x a w E � s A O � Yeh v �

[6]
7 � M

1996|2003 i SOHO/LASCO = > ( c C � 
 < s CME � q n y u ' C � o 549 km/s �

w A [ Leblanc v �

[7]
s � � � % a X � U ) � V q n CME s u ' C � o 749 km/s �

_ ' K U D � Leblanc v �

[7]
s � � � % M ) � � [ ) � V s � � � % a X � U ) � q

n CME s u ' C � o 792 km/s � ) � ~ u ' � 5 � o 77�
� ) � V o 59�

� ^ F * Q

CME s � p m P A h � Howard v �

[8]
� ~ M E , � CME s C � L u C � � % a X �

U ) � s � � � �q n a X � U ) � V CME s u ' C � L u ' u C � � / 5 Y 2 u Y

> J � s 1.7 L 4.4 $ �

` � Y s � E - K ) P � e b = > ?  � CME C � � % s 7 � � a w E � 7 � � ' � �

Y � z A � � � i 8 � CME C � � % a X � U ) � s � � � | 2 � � � � CME C � a X �

U ) � � � �| 3 � � � � � � r : CME s C � � % a X � U ) � s � � �| 4 � 5 D �

L ~ k �

2 CME E 	 c Z � W + � � �

2.1 � o � � ^ w � a CME � _ s � � � 
 � g � [ d b

� E CME 5 � E } s n  � D � 5 � 5 � i � � b S CME C � a X � U ) � � � � R

z h � Hundhausen v �

[9]
v # CME 5 � E } s � : . V � v < A W �q n E , z h s C

� a X � U ) � � � � � CME( � : . V � v < A W ) ; � � n < � Y � y A h L Y 2 u Y s

r � o � � - K q n w Y 2 u Y > J s CME ~ ; � ! " R c CME 
 ( ~ ; � ! " r � x

s < � - � R = r cos� � z h s ? 1 f m - K q n � Y s < � - �

Vp =
dR
dt

= cos �
dr
dt

= V cos� : (1)

y ( Vp 5 CME s Y 2 u Y C � � V 5 CME s 
 ( C � �

i e � ? CME s ~ ; � 5 � Y � D � 5 @ y � 5 � 2 7 5 i � � Hundhausen v �

[9]
v

# CME 5 ] ? � Y ~ ; s . V � v < A W � L s � Y s � ! ; � � n < � Y � L Y 2 u Y s

r � o � � 
 @ E 8 � w Y 2 u Y CME ~ ; s � ! " o � R = r c cos� + � � y ( r c 5 � Y

� ! s � ! " � � 5 � Y s � � � b S CME s Y 2 u Y C � Vp - K [ � - . . �

Vp =
dR
dt

=
dr c

dt
cos� +

d�
dt

:

Hundhausen v �

[9]
* Q n e � ? CME w : D ( H � ' � m W � L T � s � 5 � � v # �

�
r c

= sin
!
2

� y ( ! 5 . V � v < A W � Y ~ ; 
 � b O > ( ! s � � � Q ] ! � U b CME

s 
 ( � 5 � � Vp � - K [ � - . . �

Vp =
�

cos� + sin
!
2

� dr c

dt
: (2)
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_ @ � ^ F z h s f m - K q n CME 
 ( C � s . d - �

V =
d
dt

�
r c + �

�
=

�
1 + sin

!
2

� dr c

dt
: (3)

\ - (2) � (3) - K q P CME s 
 ( C � V L Y 2 u Y C � Vp s < � - �

Vp

V
=

cos� + sin( != 2)
1 + sin( != 2)

: (4)

e b Fisher v �

[11]
s CME	 1 M O = : ^ # 
 � Schwenn v �

[10]
T P M � , CME = :

^ # � (a) CME � Y ~ ; s � ! 5 O > � (b) CME � Y ~ ; s � ! 5 = W e Y s g ! � (c) CME

� Y ~ ; 5 c = Y 
 V � T s E 2 � Y : � ( � � E 2 � � w E 2 = Y ( ) � � � 
 � , CME

= : ^ # � Vrsnak v �

[12]
f m P M CME Y 2 u Y C � Vp L 
 ( C � V � x s < � - �

Vp

V
= cos(� � != 2) ; (5)( ^ # a)

Vp

V
=

cos� + tan( != 2)
1 + tan( != 2)

; (6)( ^ # b)

Vp

V
=

cos� + sin( != 2)
1 + sin( != 2)

; (7)( ^ # c)

- (1) � (4)|(7) ( s Vp 5 - K % > J s � { � E � � M ! L � � � f q n CME s 
 ( C

� V �

; � � � ! s � � � � � { b St. Cyr v �

[13]
` o q n CME w Y 2 u Y > J s � 5 �

( : � 5 � ) u ' � o 72� , Leblanc v �

[7]
� - (4) ( s ! [ 72�

g X �j � 
 @ s z [ ` S

� E � s � A � o M q n 6 � � s � E � Yeh v �

[6]
e b = : ^ # f m q P : � 5 � L 
 (

� 5 � � x s < � - �

!= 2 = arctan(tan( ! 0=2) cos� ) : (8)

� - ( ! 0 5 : � 5 � � � q 7 M s 5 � - (8) s ? 1 q F A � ! 0=2 � b 90�
d 	 @ A � ! 0

� b 180�
� 
 � , q Yeh v �

[6]
s CME C � a X � U ) � � � � f U = : � 5 � � b 180�

s CME 2 | �

� Y � � � P � � � � * Q n � U E � v # CME ; � � � � V 4 � b S � E f � � CME

� Y h � s r �  L � � � � 5  m P � * � - K q n � L  j � s < � -

[14] : sin � =

cos cos� � D � 5 @ � � � � , A � p CME � Y h � s r �  L � � � � � � P c q CME

� Y h � s � � L r � � Leblanc v �

[7]
J P � � v # � (1) CME { h b a � � ' � � K E

� s t ! � � � � � � h V 4 � (2) CME L a � � ( s C � _ ' � % � (3) CME � Y h �

s H J ; o ~ 5 � Y 2 u Y e � t ! � � (the PA line) � < C � ~ H � s ~ � D � 5 C � ~

w t ! � � � s a X �i 5 O > . Y o � Y � � Y � G ~ � x " < H 
 s � U ( 5 e g X �

* Q n 
 2 | U � Yeh v �

[6]
� Leblanc v �

[7]
s | � 2 v # * ) o � CME � Y h � 5 "

< C � ] ? H 
 � Y " < s ~ � 
 @ E 8 � � � � � , A ; � � � L CME 
 < s C � � � �

L CME 
 < C � s � - � �

[6] : (1) v # CME ] T � s u C � � h f CME s	 . � | '
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x 
 � � � " < O > ( ! 1/2 2 O > � � (R� ) U � ` � q n c y � U s CME s  � ' x �

(2) J ] � % w CME  � ' x ~ V 1 h s ' x X 4 e � � � % w CME � � � m e s C � J

o L CME 
 < C � s U 0 	 � (3) � E a w � 2 U 0 C � � b S y #  d n  � s ' x H �

� CME  � ' x s C � % � � o L CME 
 < s C � �

2.2 CME � { l � # } [ � _ � � 
 � g �

� Y � � s 
 � � � � v # CME ] E � s $ : � � E } s � : . V � v < A W �

] ? � Y ~ ; s . V � v < A W v �i 5 CME s $ : s ( % Q 
 � v # � 
 � w ) �

CME C � a X � U ' S � M y K � A � � Y 8 � � Howard v �

[8]
T P s E , 7 � CME

s $ : � % v # s C � a X � U ) � � � �

e 1 CME W 5 t � q / N e

[8]

w � d 1 J . � ! y � _ p L , � ( � O > S w f ~ t ! �y � E t b x 2 � " f ~

1AU U � z 2 Z � _ p Y ( l x � y uY ) � � M E ~ P 5 " < f ~ R s = > ~ � Q 5 P ~

w x � y u Y s a X � � L  5 + J R s � � L r � � " 5 + J R s " �

6 SEP, CME C

� � � L Y 2 u Y ( l y � z u Y ) s r � o � , " L � w SEP u Y e � e b � � I ? L d 1 s

� p m P [ = � Howard v �

[15]
q n �

1
R

= cos � cot " + cos � cos : (9)

� - ( R s h t o AU � 5  m P � * - K q n � sin � = cos � cos � � E � � M � � � �

r �  L " � " � � - K � � � M E ~ P n f ~ s " < � y ( r �  \ CME ( ! t ! � 8

[ q n

[2;8]
� Howard v �

[8]
� o 
 , � � q n s r � ' 	 CME 
 < O > . Y 2 | s r �

6 Q 8 � Q o CME 
 < O > . Y 2 | E E � L CME s E 2 F ~ 
 < � 2 7 5 � 2 CME �

: s ( ! r � � � � � 	 CME 
 < O > . Y 2 | s � � � 
 � a " j n � P � � L CME 


< s O > . Y 2 | � Howard v �

[8]
s � � � � � (1) v # CME K T � s C � � � V 4 �
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h f CME s	 . � | ' x 
 � � E � s " < ( � E CME 2 | ] LASCO C2 s = > ?  �

h f s " < o 3R� � � E � ] LASCO C3 s = > ?  � h f s " < o 6R� ) q n CME  �

' x s ; o � � (2) J ] � % w CME  � ' x ; o � ~ V 1 � ' s ' x X 4 e w CME � �

� m e s O > . Y 2 | - � � o L CME 
 < s O > . Y 2 | � " � " \ LASCO = > s " <

8 � � � LASCO = > s K O > � � o h t s " < k o 216 " [8]
�

- (9) � ' x � m � _ ' v # CME ; � � V 4 � - K q n �

V3D =
dR
dt

= R2 cos� csc2 "
d"
dt

; (10)

A3D =
d2R
dt2 =

V3D

d"=dt

� d2"
dt2

�
+ 2 V3D

hV3D

R
� cot "

� d"
dt

�i
; (11)

y ( �

d"
dt

= V0 sec" ,
d2"
dt2 = A0 sec" + V 2

0 tan " sec2 " � - (10) � (11) ( V3D L A3D � / 5 a

X � U ) � V CME s C � L u C � � V0 L A0 � / 5 CME w Y 2 u Y � > J s C � L

u C � �

3 t < CME E 	 c Z � W + � � �

CME � H E ; w = > d � � ' � S < s 2 | � � W I � ? � 0 m 
 : | L s CME 2

| � D � 5 @ = > s CME � 5 � o 360�
� 
 ; CME % I o r : CME [16]

� � Y � � � �

r : CME s C � a X � U ) � � � �

3.1 o � � # CME a Z P V a X [ � _ � � 
 � g � d b

e b CME s = : ^ # 2 v # � (1) � � w z w 
 t � r : CME s C � 7 * � (2) r :

CME s $ : � I � (3) r : CME w V 4 F K ( � 5 � 7 * � Michalek v �

[17]
T P M E ,

� r : CME C � � % a X � U ) � s � � � d 2 5 K U s C � a X � U ) � � � . M d �

CME s � I 2 L Y 2 u Y s r � o � � CME C � T � o V � � 5 � T � o ! , CME s � Y

h � " ( = A • � s " < o s � O > � � o R� , CME w G 2 
 � � � s C � � / o Vp1 L

Vp2 � � E CME { h b O > ( ! � L � _ ' P 
 w k � 0 m �i 5 6 � ' U CME s � Y h

� s < O > ( ! � d 2 ( s r : CME ` � P 
 w k � s I ) � V P 
 w k � s ` ) � D � 5

@ r : CME 
 � b k � 7 � I � 
 � 5 
 , a X � U ) � � � s e R � � Y 8 � � CME s

V 4 F K � ; � CME w ' x T  � � � V CME K C � Vp1 V4 " < (2R� + s) � w ' x T1

P 
 w k � s I ) i � ] � - J C � T1 � T =
2R� � s

Vp1
; CME K C � Vp2 V 4 " < (2R� � s) �

w ' x T2 P 
 w k � s ` ) i � ] � - J C � T2 � T =
2R� + s

Vp2
� - K q n �

� T = T2 � T1 =
2R� + s

Vp2
�

2R� � s
Vp1

: (12)
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�

e 2 Michalek w � � 
 s ; CME D � t b Y � V * � � � / N e

[17]

- _ LASCO u { � 7 LASCO C2 u l � v #

\ d 2 � �

cos(� ) =
s

R�
; (13)

cos
�

� �
!
2

�
=

Vp1

V
; (14)

cos
�

180� � � �
!
2

�
=

Vp2

V
; (15)

y ( � Vp1 � Vp2 L � T - K \ = > q n � � Q - (12)|(15) � ^ F ? 1 q F � - K q n s �

! � V L � 
 4 2 s � J �

� Y K 1999 i 6 l 29 � LASCO = > s r : CME o B � @ \ � P q n r : CME s


 ( ; J � = > n | 1 $ d s ' x 5 T0 � w 
 2 ' / 2 T ] = > n CME � � V w ' x 07:

31 UT = > s | 2 $ d ( � w O > s � ! � � ) n M CME � \ . � | ' x d � � - K q n

T1 = 07 : 19 UT L Vp1 =635 km/s �` = > s | A $ d ( - K ) n CME H M P 
 w O > s

� c � � � _ @ G  . � | ' x d � - K q n T2 = 07 : 34 UT L Vp2 =515 km/s � b 5 q n

� T = 15 min � � V 5  � K - - K q n s = 0 :15R� , ! = 112� , V =698 km/s �

3.2 o � $ T 	 S m a � # CME � _ s � � � 
 � g � [ d b

Xie v �

[18]
s � � D 5 e b CME s = : ^ # � ; � K U S � G 2 L , � � E 2 5 � ! L

, � (xh , yh , zh ) � P h E 2 5 L , � (xc; yc; zc)(apex-centered right cone coordinate system)�
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L K � = s � ~ o f ~ � xc 2 L � = s ( ! 2 - Q � yc � zc u Y c � = s x Y u % � w �

! L , � (xh ; yh ; zh) ( � = s � � \ r �  L � � � � � � � = s 2 � Y � � o ! � � =

s ( ! 2 L Y 2 u Y s r � o � � � = s ( ! 2 w Y 2 u Y � s a X L X h 2 s r � o � �

- K � ] f m ` � ! L , � (xh ; yh ; zh) n L , � (xc; yc; zc) s 8 ^ 8 - �` � ! L , �

(xh ; yh ; zh ) 8 ^ n L , � (xc; yc; zc) , A K � G 8 � (1) � ! L , � (xh ; yh ; zh ) K zh o

2 / 8 � q n ( x L , � (x0
c; y0

c; z0
c) ; (2) ( x L , � (x0

c; y0
c; z0

c) K y0
c o 2 / 8 � q n L ,

� (xc; yc; zc) � 5  G 2 L , � x s 8 ^ 8 - - K � q = W g $ S � Y ) 
 w Y 2 u Y s g

g a X � � 
 2 g g a X s 
 2 � F 2 j y ( ! < L , � f ~ s " < � L CME s 
 < ; J ]

< � - K _ ' \ = > d � q n � 
 @ � f q n CME s 
 < ; J �

� V ^ F ? 1 f m - K q n CME s 
 ( C � L Y 2 u Y C � Vx 0
c

L Vy 0
c

s < � -

[18]
�

Vx 0
c

= Vr � cos(!= 2) cos� � sin(!= 2) sin� sin � ;

Vy 0
c

= Vr � sin(!= 2) cos� :
(16)


 @ Vr = d r=dt � 
 B y � - K q n CME s 
 ( C � L Y 2 u Y C � Vx h L Vyh s < � - �

Vx h = Vr � (cos(!= 2) cos� cos� � sin(!= 2) sin� cos� � sin � cos� sin(!= 2) sin� ) ;

Vyh = Vr � (cos(!= 2) cos� sin � + sin( != 2) cos� cos� � sin � sin � sin(!= 2) sin� ) :
(17)

y ( Vx 0
c

� Vy 0
c

� Vx h L Vyh � / 5 Y 2 u Y C � w x0
c � y0

c � xh L yh 2 s a X � J � � =

tan � 1(zc=yc) 5 = W S � Y s � t � � d 3 ~ . M G 2 CME 2 | s Vx 0
c

� Vy 0
c

� Vx h � Vyh L Vr 0
c

H � t � � L t ! � AP (tan � 1(� xh=yh)) s * [ � y ( V 2
r 0 = V 2

x h
+ V 2

yh
� 
 G 2 CME � / �

% w 2000 i 4 l 4 � L 2000 i 11 l 3 � � 
 ( C � Vr � / o 550 km/s L 1 139 km/s �

� b 
 , � � U ( @ \ G ~ � (1) 
 , � � ] E 2 � � ' � w = > s CME d � 
 � b :

e 3 H 3 CME 3 } t Vx 0
c

� Vy 0
c
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The Methods of Correcting the Projection E�ects on the CME Ve locity

GAO Peng-xin1;2, LI Ke-jun 1

(1. National Astronomical Observatories / Yunnan Astronomi cal Observatory, Chinese Academy of Sciences, Kun-

ming 650011, China; 2. Graduate School of the Chinese Academ y of Sciences, Beijing 100049, China)

Abstract: Coronal mass ejections (CMEs), known as the most energetic form of solar magnetic

activity, are now believed to be the main sources of the strong interplanetary disturbances that

cause moderate to intense geomagnetic storms. Since CMEs were �rst discovered on Dec 14 1971

by using the seventh Orbiting Solar Observatory (OSO-7) coronagraph, they have drawn more
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and more attention. Several space� borne coronagraphs and ground-based instruments have found

a number of CMEs, which give a good chance to study them in details. However, coronagraph

observations of CMEs are subject to the projection e�ects, which result in statistical errors

in the eruption velocity and acceleration measurements. The sky-plane projected velocity of

CMEs perceived as a quantitatively accurate measurement may compromise the value of scienti�c

studies, thus the study on the methods for correction projections of CMEs velocities on the sky-

plane is an important topic.

In this paper, the recent methods for correction the sky-plane projected velocity are re-

viewed and further the uncertainties of these methods are pointed out. The major methods are

summarized as follows: (1) CMEs' evolution models dependent, e.g. di�erent CME cone mod-

els; (2) CMEs' propagation properties dependent, in which CMEs are assumed to move radially,

sometimes to maintain a constant angular width, and so on; (3) CMEs' source region dependent.

Concerning this item, CME source region is sometimes determined to be the point that has the

shortest distance or spherical distance to the associated surface event. Sometimes the central po-

sition angle (CPA) of a CME was converted to its latitude, and its longitude is obtained from the

associated surface event. The uncertainties in these methods are mainly from simpli�ed assump-

tions on CME structures; propagation properties and sourceregions on direct 3-D observations.

It is expected that 3-D observations by the STEREO should solve this problem.

Key words: solar physics; solar activity; coronal mass ejection (CME)


