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CME �`\��Æ�h e
%)* 1,2 
('& 1

(1 �*D,4j�Dt\{N/pd\{NÆ7℄ 650011; 2 �*D,4j�9�&jÆ"� 100049)���`�>?rot�X�'o! (coronal mass ejection, CME) �6zxZ3vZtbY�z>?<KdÆ)<K�ybxF�tBP�� CME tD�6
zz\�V^&�(Y�t<K�R^
 CME ?KD�KbY�V*�6F3.Bt8�1V�C>N�j9
 CME ?KD��&bY�V*�t���3�QN��bY�V*���)bxtF�}VM�F9t8����j q Y�P?�>2�P?b���X�'o! (CME)"�fuk�P182.6+2 ��� ��U~v�A
1 �T��:�W�&n (coronal mass ejection, CME) 5N�He�Ho9=sO>a�
��_'D5X��y2x℄�L���y2xuG'Y}H4AsO> �2| [1] �y�fs!efJL�&�eJs.f �L.fDA%n n%"q2x�fS{�y2xsy[���<���i?v
��`�`m y���jG&K�^6(�vVE�X��;s�E%a�Q℄� CME s7�5
�;%aV�
<s�

1971 i 12 l 14 ��;|E_=>n CME �n 2007 ix�| 7 2ApO>=>M
(the seventh Orbiting Solar Observatory�zI OSO-7) wq%s 19.52l�J�=>n 27 2
CME �Y2(<9 (Skylab) w 227 Y(=>n 115 2 CME �O>!w" (Solwind) LO> iw" (Solar Maximum Mission, SMM) sa�7J�,=>ns CME ?k#|e�O>LO>!�Q>| (Solar and Heliospheric Observatory, SOHO) w"�
vse:��?�WI (Large Angle and Spectrometric Coronagraph, LASCO �\ 3 2
Y�Rs�WI C1 �C2�� �i|z�2008-10-20 � �n|z�2009-04-06pr�x�DtB
,4f� (10573034 O 40636031) �Dt/�fS9���pZ (2006CB806300) �*D,4jY 9��aOY ��)�a�6



� 292 �������Z�y�2����������� 27 $�L C3GJ) w 1996—2007ix=>ns CME?GFM 13 000�eb
�=>? qnM.Æ CME e&�=;Js`oS� [2−5] ���\b_~=>s CME �5ywY2uY�saX�JK CME s=>;J

(;J�xawE�sAO� Yeh v� [6] 7�M
1996—2003i SOHO/LASCO =>(
C�
<s CME �qnyu'C�o 549 km/s �wA[ Leblanc v� [7] s���%aX�U)�Vqn CME su'C�o 749 km/s �_'KUD� Leblanc v� [7] s���%M)��[)�Vs���%aX�U)�qn CME su'C�o 792 km/s �)�~u'�5�o 77◦ �)�Vo 59◦ �^F*Q
CME s�pmPAh� Howard v� [8] �~ME,� CME sC�LuC��%aX�U)�s����qnaX�U)�V CME su'C�Lu'uC��/5Y2uY>J�s 1.7 L 4.4 $�`�Ys�E-K)P�eb=>? � CMEC��%s7��awE�7��'��Y�zA���i8� CME C��%aX�U)�s���| 2 ���� CME C�aX�U)����| 3 ������r: CME sC��%aX�U)�s���| 4 �5D�L~k�
2 CME E	
Z�W+���
2.1 �o��^w�a CME �_s���
�g�[db�E CME 5�E}sn �D�5�5�i��bS CME C�aX�U)����Rzh� Hundhausen v� [9] v# CME 5�E}s�:.V�v<AW�qnE,zhsC�aX�U)����� CME(�:.V�v<AW) ;��n<�Y�yAhLY2uYsr�o θ �-KqnwY2uY>Js CME ~;�!" R 
 CME 
(~;�!" r �xs<�-� R = r cos θ �zhs?1fm-Kqn�Ys<�-�

Vp =
dR

dt
= cos θ

dr

dt
= V cos θ . (1)y( Vp 5 CME sY2uYC�� V 5 CME s
(C��ieÆ? CMEs~;�5�Y�D�5�y�5�275i��Hundhausen v� [9] v# CME 5℄?�Y~;s.V�v<AW�Ls�Ys�!;��n<�Y�LY2uYsr�o θ �
�E8�wY2uY CME ~;s�!"o� R = rc cos θ + ρ �y( rc 5�Y�!s�!"� ρ 5�Ys���bS CME sY2uYC� Vp -K[�-..�

Vp =
dR

dt
=

drc
dt

cos θ +
dρ

dt
.

Hundhausen v� [9] *QneÆ? CME w:D(H�'�mW�LT�s�5��v#�
ρ

rc
= sin

ω

2
�y( ω 5.V�v<AW�Y~;
�bO>(!s���Q℄ ω �Ub CMEs
(�5�� Vp �-K[�-..�

Vp =
(

cos θ + sin
ω

2

)drc
dt

. (2)
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(C�s.d-�
V =

d

dt

(

rc + ρ
)

=
(

1 + sin
ω

2

)drc
dt

. (3)\- (2) � (3) -KqP CME s
(C� V LY2uYC� Vp s<�-�
Vp

V
=

cos θ + sin(ω/2)

1 + sin(ω/2)
. (4)eb Fisherv� [11] s CME	1MO=:^#
�Schwenn v� [10] TPM�, CME=:^#�(a) CME�Y~;s�!5O>�(b) CME�Y~;s�!5=WeYsg!�(c) CME�Y~;5
=Y
V�TsE2�Y:� (��E2��wE2=Y() ���
�, CME=:^#�Vrsnak v� [12] fmPM CME Y2uYC� Vp L
(C� V �xs<�-�

Vp

V
= cos(θ − ω/2) , (5)(^# a)

Vp

V
=

cos θ + tan(ω/2)

1 + tan(ω/2)
, (6)(^# b)

Vp

V
=

cos θ + sin(ω/2)

1 + sin(ω/2)
, (7)(^# c)- (1) � (4)—(7) (s Vp 5-K%>Js�{�E��M ω L θ ��fqn CME s
(C� V �;��� ω s�����{b St. Cyr v� [13] `oqn CME wY2uY>Js�5�

(:�5�) u'�o 72◦, Leblanc v� [7] �- (4) (s ω [ 72◦ gX�j�
�sz[`S�E�s�A�oMqn6��s�E� Yehv� [6] eb=:^#fmqP:�5�L
(�5��xs<�-�
ω/2 = arctan(tan(ω0/2) cos θ) . (8)�-( ω0 5:�5���q7Ms5�- (8) s?1qFA� ω0/2 �b 90◦ d	�A� ω0�b 180◦ �
�,q Yehv� [6] s CMEC�aX�U)����fU=:�5��b 180◦s CME 2|��Y���P�� θ �*Qn�UE�v# CME ;����V4�bS�Ef�� CME�Yh�sr� ψ L�� λ �5 mP�*�-Kqn θ L ψ j λ s<�- [14]: sin θ =

cosψ cosλ�D�5���� θ ,A�p CME�Yh�sr� ψ L�� λ���P
q CME�Yh�s��Lr�� Leblancv� [7] JP��v#� (1) CME {hba��'��KE�st!������hV4� (2) CME La��(sC�_'�%� (3) CME �Yh�sHJ;o~5�Y2uYe�t!�� (the PA line) �<C�~H�s~�D�5C�~wt!���saX�i5O>.Yo�Y��Y�G~�x"<H
s�U(5egX�*Qn
2|U�Yehv� [6] � Leblanc v� [7] s|�2v#*)o� CME �Yh�5"<C�℄?H
�Y"<s~�
�E8��� θ �,A;���L CME 
<sC����L CME 
<C�s�-�� [6]: (1) v# CME ℄T�suC��hf CME s	.� — '
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���"<O>(! 1/2 2O>�� (R⊙) U�`�qn
y�Us CME s �'x�
(2) J℄�%w CME  �'x~V 1 h s'xX4e���%w CME ���mesC�JoL CME 
<C�sU0	� (3) �EawÆ2U0C��bSy# dn �s'xH�� CME  �'xsC�%��oL CME 
<sC��
2.2 CME �{l�#}[�_��
�g��Y��s
����v# CME ℄E�s$:��E}s�:.V�v<AW�℄?�Y~;s.V�v<AWv�i5 CME s$:s(%Q
�v#�
�w)�
CMEC�aX�U'S�MyK�A��Y8�� Howardv� [8] TPsE,7� CMEs$:�%v#sC�aX�U)����

e 1 CME W5t�q/Ne [8]w�d 1 J.�!y�_pL,�(�O> S wf~t!�y� E tb x 2�"f~
1AU U� z 2Z�_pY (l x− y uY) ��ME~ P 5"<f~ R s=>~� Q 5 P ~w x− y uYsaX� λ L ψ 5+J R s��Lr�� ε 5+J R s"� 6 SEP , CME C���LY2uY (l y− z uY) sr�o θ, ε L θ w SEP uYe�eb��I?Ld 1 s�pmP[=� Howard v� [15] qn�

1

R
= cos θ cot ε+ cosλ cosψ . (9)�-( R shto AU �5 mP�*-Kqn� sin θ = cosλ cosψ ��E��M�� λ �r� ψ L"� ε ��-K���ME~ P nf~s"<�y(r� ψ \ CME (!t!�8[qn [2,8] � Howard v� [8] �o
,��qnsr�'	 CME 
<O>.Y2|sr�6Q8�Qo CME 
<O>.Y2|EE�L CME sE2F~
<�275�2 CME �:s(!r���� λ 	 CME 
<O>.Y2|s���
�a"jn�P��L CME 
<sO>.Y2|� Howard v� [8] s����� (1) v# CME KT�sC���V4�



� 4 x /qN�w�� CME D�tbY�V*��� 295�hf CME s	.� — 'x
��E�s"< (�E CME 2|℄ LASCO C2 s=>? �hfs"<o 3R⊙ ��E�℄ LASCO C3 s=>? �hfs"<o 6R⊙) qn CME  �'xs;o�� (2) J℄�%w CME  �'x;o�~V 1 �'s'xX4ew CME ���mesO>.Y2|-��oL CME 
<sO>.Y2|�"� ε \ LASCO =>s"<8��� LASCO =>sKO>��ohts"<ko 216 ε [8] �- (9) �'x�m�_'v# CME ;��V4�-Kqn�
V3D =

dR

dt
= R2 cos θ csc2 ε

dε

dt
, (10)

A3D =
d2R

dt2
=

V3D

dε/dt

(d2ε

dt2

)

+ 2V3D

[V3D

R
− cot ε

(dε

dt

)]

, (11)y(� dε

dt
= V0 sec ε,

d2ε

dt2
= A0 sec ε+ V 2

0 tan ε sec2 ε �- (10) � (11) ( V3D L A3D �/5aX�U)�V CME sC�LuC�� V0 L A0 �/5 CME wY2uY�>JsC�LuC��
3 t< CME E	
Z�W+���

CME �HE;w=>d��'�S<s2|��WI�?�0m
:|Ls CME 2|�D�5�=>s CME �5�o 360◦ �
; CME %Ior: CME [16] ��Y����r: CME sC�aX�U)����
3.1 o��# CME aZPVaX[�_��
�g�dbeb CME s=:^#2v#� (1) ��wzw
t�r: CME sC�7*� (2) r:
CME s$:�I� (3) r: CME wV4FK(�5�7*� Michalek v� [17] TPME,�r: CME C��%aX�U)�s���d 2 5KUsC�aX�U)���.Md�
CME s�I2LY2uYsr�o θ � CME C�T�o V ��5�T�o ω, CME s�Yh�"(=A��s"<o s �O>��o R⊙, CME wG2
���sC��/o Vp1 L
Vp2 ��E CME {hbO>(!�L�_'P
wk�0m�i56Æ'U CME s�Yh�s<O>(!�d 2 (sr: CME `�P
wk�sI)�VP
wk�s`)�D�5�r: CME 
�bk�7�I�
�5
,aX�U)���seR��Y8�� CME sV4FK�;� CME w'x T  ���V CME KC� Vp1 V4"< (2R⊙ + s) �w'x T1P
wk�sI)i�℄�-JC�T1−T =

2R⊙ − s

Vp1
; CMEKC� Vp2 V4"< (2R⊙−s)�w'x T2 P
wk�s`)i�℄�-JC� T2 − T =

2R⊙ + s

Vp2
�-Kqn�

∆T = T2 − T1 =
2R⊙ + s

Vp2
−

2R⊙ − s

Vp1
. (12)
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�e 2 Michalek w��
s; CME D�tbY�V*���/Ne [17]-_ LASCO u{�7 LASCO C2 ul�v#\d 2 ��
cos(θ) =

s

R⊙

, (13)

cos
(

θ −
ω

2

)

=
Vp1

V
, (14)

cos
(

180◦ − θ −
ω

2

)

=
Vp2

V
, (15)y(� Vp1 � Vp2 L ∆T -K\=>qn��Q- (12)—(15) �^F?1qF�-Kqn s �

ω � V L θ 
 4 2s�J��YK 1999 i 6 l 29 � LASCO =>sr: CME oB��\�Pqnr: CME s
(;J�=>n| 1 $ds'x5 T0 �w
2'/2T℄=>n CME ��Vw'x 07:

31 UT =>s| 2 $d(�wO>s�!��)nM CME �\.� — 'xd��-Kqn
T1 = 07 : 19 UT L Vp1 =635 km/s �`=>s|A$d(-K)n CME HMP
wO>s�
���_�G .� — 'xd�-Kqn T2 = 07 : 34 UT L Vp2 =515 km/s �b5qn
∆T = 15 min ��V5 �K--Kqn s = 0.15R⊙, ω = 112◦, V =698 km/s �
3.2 o�$T	Sma�# CME �_s���
�g�[db

Xiev� [18] s��D5eb CMEs=:^#�;�KUS�G2L,��E25�!L,� (xh, yh, zh)�PhE25L,� (xc, yc, zc)(apex-centered right cone coordinate system)�



� 4 x /qN�w�� CME D�tbY�V*��� 297�LK�=s�~of~� xc 2L�=s(!2-Q� yc − zc uY
�=sxYu%�w�!L,� (xh, yh, zh) (�=s��\r� ψ L�� λ ����=s2�Y��o ω ��=s(!2LY2uYsr�o θ ��=s(!2wY2uY�saXL Xh 2sr�o φ �-K�℄fm`�!L,� (xh, yh, zh) nL,� (xc, yc, zc) s8^8-�`�!L,�
(xh, yh, zh) 8^nL,� (xc, yc, zc) ,AK�G8� (1) �!L,� (xh, yh, zh) K zh o2/8 φ qn(xL,� (x′c, y

′
c, z

′
c) ; (2) (xL,� (x′c, y

′
c, z

′
c) K y′c o2/8 θ qnL,� (xc, yc, zc) �5 G2L,�xs8^8--K�q=Wg$S�Y)
wY2uYsggaX��
2ggaXs
2�F2jy(!<L,�f~s"<�L CMEs
<;J℄<�-K_'\=>d�qn�
��fqn CME s
<;J��V^F?1fm-Kqn CME s
(C�LY2uYC� Vx

′

c

L Vy
′

c

s<�- [18] �
Vx

′

c

= Vr · cos(ω/2) cos θ − sin(ω/2) sin θ sin δ ,

Vy
′

c

= Vr · sin(ω/2) cos δ .
(16)
� Vr = dr/dt�
By�-Kqn CMEs
(C�LY2uYC� Vxh

L Vyh
s<�-�

Vxh
= Vr · (cos(ω/2) cos θ cosφ− sin(ω/2) sinφ cos δ − sin θ cosφ sin(ω/2) sin δ) ,

Vyh
= Vr · (cos(ω/2) cos θ sinφ+ sin(ω/2) cosφ cos δ − sin θ sinφ sin(ω/2) sin δ) .

(17)y( Vx′

c
�Vy′

c
�Vxh

L Vyh
�/5Y2uYC�w x′c � y′c � xh L yh 2saX�J� δ =

tan−1(zc/yc)5=WS�Ys�t��d 3 ~.MG2 CME2|s Vx′

c
�Vy′

c
�Vxh

�Vyh
L Vr′

cH�t� δ Lt!� AP(tan−1(−xh/yh)) s*[�y( V 2
r′ = V 2

xh
+ V 2

yh
�
G2 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) 
,��℄E2��'�w=>s CME d�
�b:

e 3 H3 CME 3}t Vx
′

c
� Vy

′

c
� Vxh

� Vyh
M Vr′ I�u� δ Mu"� Ap t+\ [18]�I4 CME 4~�0�&y 2000 k 11 n 3 � (a) O 2000 k 4 n 4 � (b)
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,��qns�5� ω 7nE� (2) 
,��L Michalek v� [17] s��&&�vw��5
,��56Æ�s?1[=��YG,r: CME C�aX�U)����5eb=:^#��FE�?1fm�qn
CME JaX�U)�VsC��j�=:^#5%
℄�*���-s�i5D.H?+ns�~�
,^#RR%"��(q�
℄�WI-K=>nE;S< CME s
(C���WI=>�%w�Y)is CME 2| (K�zI)i CME 2|) qnsd�(�CMEs��C��5 CME w�p2xs
(C���Y��eb)i CME C�S~qnsE,r:
CME C�aX�U)����
3.3 o�Q� CME �_�℄a�# CME �_s���
�g�[db

Dal Lago v� [19] S�M CME sp�C� Vexp s,l� CME w
�p2x����
(D�5 CME s
(C���) Z�suYesp�C��*Qn�WI=>)i CME 2|qnsd�(� CME s��C��5 CME w�p2xs
(C���yp�C�D-K%>J� Dal Lago v� [19] 7�M 1997 i 1 ln 2001 i 4 l LASCO =>s 57 2)i CME2|��

�)i CME 2|s
(C� V Lp�C� Vexp s
<�?5 0.85 ��'gQ
�? qn� V = 0.88Vexp �r: CME %�o5H�d	#<y�V4s CME 2|��H�y�V4sr: CME'yK CME 2|6�LC%y[�U�j�r: CME s
(C�27f%>J�i5r: CME sp�C�5-K%>Js� Dal Lago v� [19] �o-K5 H�y�V4sr:
CME sp�C�L�Ys<�-qny
(C��`�e>yndy�s'x�G�
,��7G:b CME s^#�i5LÆ5 CME V4FK(sC�Lp�C�J�'s`o<��
,��qnsaX�U)�VsC�_�DawE�s7��'�
4 E�N�lK�zA��M�i8eb
℄�*� CMEC��%aX�U)�s����U�aX�U)�Vs CME C�3�℄M6Æs�*�CMEsC�5E2�yy[�U℄%�'X�s;J�Q℄� CME C�s>JjyaX�U)�5E2-As7�0U�aX�U)�VsC��=	 CME ��C CME �=^#�5�E℄[s�i5
� CME C�aX�U)���(awE�7��'�4A℄� (1) � CME s&$S~��%FE�sv#��ebE�s CME =:^#v� (2) � CME sV4S~��%FE�sv#��v# CME sC���;�����V4FK(�5�7*� CME $:�Iv� (3) � CME s�Yh��%E�sv#2[V`��
q CME �Yh�sr�L���D�5�wY2uYe�t!���<C�~H�s~�d	5"<C�℄?H
�Y"<s~�d	� CME s(!t!�8[or�����	y
<O>.Y2|s���
�v#℄|`S�E�s�A�D�5��w)� CME aX�UC%�As_'aS�MyK�A�Q℄Aqn CME s
(C�,A	%K�|U� (1) �� CME &$jV4FK(s�p
(S~� (2) �� CMEs
(�Yh�� STEREO s�p=>D.-K	%
�|U�
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The Methods of Correcting the Projection Effects on the CME Velocity

GAO Peng-xin1,2, LI Ke-jun1

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

ming 650011, China; 2. Graduate School of the Chinese Academy 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 first 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 effects, 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 scientific

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. different 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 simplified assump-

tions on CME structures; propagation properties and source regions 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)


