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Abstract In this paper, the three-dimension velocity of 21 well-structured Corona Mass Ejections

(CMEs) were obtained by Forward Modeling based on STEREO-SECCHI observations during 2007—

2008. By measuring the height of the projected front in STEREO-A and STEREO-B sky plane and

using the projection modified method, modified velocities of these CME, which were treated as 3D
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velocity before, were also obtained. Comparing the 3D velocity obtained from the Forward Modeling

method and the modified velocity, it is found that the 3D velocity and the modified velocity are

almost the same when angular distance, which is defined as the angle between the line connecting

CME source region and Sun center and the line connecting observer and Sun center, is greater than

50◦; that when the angular distance is less than 50◦, the difference is obvious. The latter result shows

that the modified method can not be used for the CMEs with angular distance less than 50◦. It is

found that the projected velocity is almost the same as the 3D velocity when the angular distance

is greater than 65◦. This result implies that the CME event with angular distance larger than 65◦

could be treated as a limb event.

Key words Forward modeling method, Corona mass ejection, Projected velocity, Modified velocity,

3D velocity, Active region
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Fig. 1 Flux rope model of CME and its position in 3D space. (a) projected flux rope image seen from face on,

the dotted line is the axes of the flux rope; (b) projected flux rope image seen from edge on; (c) position

of flux rope in the 3D space, decided by the longitude, latitude and tilt angle
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Fig. 2 Difference images of CME event at 23:52 UT on 15 May 2007 (Green dashed lines shows the front

edge of CME projected in their sky plane at this time)
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 23:52 UT A �� B �
	
� CME \_ia�]^[��b�bd
Fig. 3 Observed CME images at 23:52 UT on May 15 2007 which superposed by the projected images

of the flux rope in both STEREO-A and STEREO-B sky plane
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W 1 2007 X 5 7 15 Y CME Z[ 9 \]^_`ab]^ A 8c B 8d9:efa;<ef
Table 1 Parameters and the heights of the event at nine different moments on 15 May 2007


j �� klg Stonyhurst

(UT) Æ�/(◦) Æ�/(◦)
_�/(◦) γ/(◦) κ α/(◦) H3d/Rs Hpa/Rs Hpb/Rs Hma/Rs Hmb/Rs

2007-05-15 21:52:30 51.82 291.91 14.21 −54.78 0.284 27.392 6.17 5.94 5.61 6.18 6.11

2007-05-15 22:22:30 59.11 299.48 11.67 −58.69 0.296 30.185 7.01 6.81 6.17 7.42 7.20

2007-05-15 22:52:30 61.37 302.01 9.57 −68.19 0.296 30.185 8.11 7.60 6.99 8.46 8.40

2007-05-15 23:22:30 63.18 304.10 8.27 −68.19 0.296 30.185 9.14 8.45 7.81 9.59 9.65

2007-05-15 23:52:30 62.16 303.35 11.03 −68.19 0.296 30.185 10.07 9.57 8.57 10.76 10.43

2007-05-16 00:22:30 63.63 305.09 11.03 −68.19 0.296 30.185 11.00 10.42 9.55 11.90 11.86

2007-05-16 00:52:30 62.23 303.97 11.74 −68.19 0.299 30.466 11.92 11.36 10.29 12.83 12.59

2007-05-16 01:22:30 62.24 304.25 13.59 −68.19 0.299 30.466 13.00 12.03 11.31 13.59 13.83

2007-05-16 01:52:30 60.19 302.49 13.64 −68.19 0.299 30.466 13.82 13.22 12.15 14.71 14.56

\ 4 2007 � 5 T 15 
 CME �
��h�f��flmi�jlmi��
Fig. 4 Line fit and quadratic fit curves of height time measurements on 15 May 2007
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Fig. 5 Difference between projected velocity and 3D

velocity seen from the north direction of Sun

W 2 2007 X 5 7 15 Y CME Z[9:;<_`
Table 2 Projected modified parameters of CME event on 15 May 2007

�� Æ�/(◦) _�/(◦) ϕ/(◦) vp/(km·s−1) vm/(km·s−1) v3d/(km·s−1) vp/v3d vm/v3d Hp/H3d Hm/H3d

A 296.47 13.53 64.32 349.67 388.00 374.17 0.93 1.04 0.95 1.05

B 304.50 14.83 56.80 321.75 384.50 374.17 0.86 1.03 0.87 1.04

W 3 2008 X 1 7 23 Y CME Z[9:;<_`
Table 3 Projection modified parameters of CME event on 23 January 2008

�� Æ�/(◦) _�/(◦) ϕ/(◦) vp/(km·s−1) vm/(km·s−1) v3d/(km·s−1) vp/v3d vm/v3d Hp/H3d Hm/H3d

A 177.29 −24.42 24.56 291.83 702.23 385.09 0.76 1.82 0.73 1.75

B 222.21 −28.65 49.46 336.02 442.17 385.09 0.87 1.15 0.83 1.09
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W 4 2007—2008 X= 21 \ CME Z[d9:>fh;<>far?>f
Table 4 Projected velocity, modified velocity and the 3D velocity of the 21 CME

events observed during 2007—2008 years


j �� ϕ/(◦) vp/(km·s−1) vm/(km·s−1) v3d/(km·s−1) �
� vp/v3d vm/v3d Hp/H3d Hm/H3d

2007-03-31
A 89.33 253.29 253.31

255.05 Y
0.99 0.99 0.97 0.97

B 87.75 249.92 250.11 0.98 0.98 0.99 1.00

2007-05-09
A 50.85 224.92 290.02

311.50 Y
0.72 0.93 0.81 1.04

B 57.98 248.86 293.51 0.80 0.94 0.87 1.02

2007-05-15
A 64.32 349.67 388.00

374.17 Y
0.93 1.04 0.95 1.05

B 56.80 321.75 384.50 0.86 1.03 0.87 1.04

2007-05-22
A 65.80 407.58 446.86

451.71 Y
0.90 0.99 0.91 1.00

B 74.83 417.27 432.34 0.92 0.96 1.00 1.04

2007-06-07
A 54.93 232.15 283.66

268.08 Y
0.87 1.06 0.84 1.02

B 66.04 235.71 257.94 0.88 0.96 0.94 1.03

2007-07-08
A 86.50 367.96 368.65

385.16 Y
0.96 0.96 0.96 0.97

B 69.31 337.47 360.72 0.88 0.94 0.87 0.94

2007-08-31
A 67.77 266.30 287.68

287.11 N
0.93 1.00 0.93 1.00

B 86.91 291.89 292.32 1.02 1.02 1.01 1.01

2007-10-08
A 34.14 158.13 281.78

250.92 N
0.63 1.12 0.63 1.13

B 69.20 239.11 255.78 0.95 1.02 0.94 1.01

2007-10-16
A 22.89 135.46 348.27

249.13 N
0.54 1.40 0.53 1.35

B 55.79 206.53 249.75 0.83 1.00 0.84 1.02

2007-11-04
A 64.85 275.42 304.25

270.84 N
1.02 1.12 0.97 1.07

B 26.37 165.27 372.07 0.61 1.37 0.65 1.47

2007-11-14
A 40.53 229.65 353.38

271.04 N
0.85 1.30 0.77 1.19

B 76.13 282.13 290.60 1.04 1.07 1.01 1.04

2007-11-16
A 79.04 410.92 418.56

401.85 N
1.02 1.04 0.95 0.97

B 40.88 293.53 448.52 0.73 1.12 0.70 1.08

2007-12-04
A 50.80 218.51 281.97

259.29 N
0.84 1.09 0.85 1.09

B 87.72 252.55 252.75 0.97 0.97 0.98 0.99

2007-12-31
A 67.47 776.61 840.76

776.23 Y
1.00 1.08 0.93 1.01

B 68.95 699.98 750.02 0.90 0.97 0.91 0.98

2008-01-02
A 84.79 455.43 457.31

445.15 Y
1.02 1.03 1.01 1.02

B 51.61 392.06 500.18 0.88 1.12 0.84 1.07

2008-01-23
A 24.56 291.83 702.23

385.09 Y
0.76 1.82 0.73 1.75

B 49.46 336.02 442.17 0.87 1.15 0.83 1.09

2008-02-23
A 49.21 189.22 249.93

245.68 N
0.77 1.02 0.78 1.03

B 89.56 235.14 235.15 0.96 0.96 0.99 0.99

2008-03-25
A 74.97 959.57 993.55

951.55 Y
1.01 1.04 0.96 1.00

B 57.83 922.31 1089.66 0.97 1.15 0.90 1.07

2008-04-05
A 89.53 1024.99 1025.03

975.73 Y
1.05 1.05 0.98 0.98

B 42.39 660.45 979.70 0.68 1.00 0.72 1.06

2008-04-09
A 83.69 499.49 502.53

528.95 Y
0.94 0.95 0.98 0.99

B 49.37 390.73 514.86 0.74 0.97 0.85 1.11

2008-04-26
A 48.31 540.04 723.14

692.48 Y
0.78 1.04 0.80 1.08

B 14.19 330.88 1349.63 0.48 1.95 0.49 2.00

@ “�
�” �p�]^[S���|���
�bd, Y �pÆ�]^[S����|�s�
��Æ,

N �p�]^[S���|�ts�
�.
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Fig. 6 CME angular distance and its impact on the projection modified result of CME velocity. (a) and (c)

are the modified velocity and the projected velocity compare to the 3D velocity respectively,

(b) and (d) show the change of these differences versus the angular distance
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Table 5 Difference between the modified velocity and the 3D velocity and the

difference between the projected velocity and the 3D velocity varied with angular distance

ϕ/(◦) 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Δ(vm/v3d)/(%) 94.9 64.7 57.0 27.8 12.3 18.8 13.7 8.4 8.4 8.3 5.8 4.4 5.2 5.0 3.5

Δ(vp/v3d)/(%) 52.2 36.5 37.4 38.0 37.0 25.8 23.5 20.0 16.7 12.6 8.2 8.3 4.5 3.8 3.6

W 6 ;<efAr?efBudvwa9:efAr?efBudvwCYDxydz{|}
Table 6 Difference between the modified height and the 3D height and the difference

between the projected velocity and the 3D height varied with angular distance

ϕ/(◦) 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85

Δ(Hm/H3d)/(%) 99.9 58.7 55.0 34.3 12.8 12.3 10.3 7.4 5.4 5.1 3.9 2.8 3.1 2.6 2.0

Δ(Hp/H3d)/(%) 51.1 38.6 37.4 35.9 36.9 27.0 22.7 17.8 15.1 11.0 7.7 7.5 3.1 2.7 2.1
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Fig. 7 CME angular distance and its impact on the projection modified result of CME height (a) and

(c) are the modified height and the projected height compared to the 3D height respectively,

(b) and (d) show the change of these differences versus the angular distance
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Fig. 8 Distribution of two classes of CME events

binarized by the existence of active region near the CME

source regions. The asterisks present the events with

associated active region while the diamonds present the

events without associated active region (♦ denote the

events that no active region could be found near the

source region, while the asterisks (∗) show other events)
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