CME Cone Model

1.  Method

A CME cone model consists of two parts: a base circular cone part and a front part on top of the base cone, as shown in Figure 1. To characterize the circular cone base, four free parameters are needed. Those are the cone’s radius, r, the half angular width, (, and the orientation of the cone’s central axis, ((, () , the latitude and longitude angles relative to the ecliptic plane, or ((, (), the latitude and longitude angles relative to the plane of the sky (POS), i.e., (, the angle between the cone axis and POS, (, the angle between the cone axis projection on POS and East-West direction (see Xie et al., 2004 for details).  

The top front part of a cone model can have various shapes, e.g., 1) a sphere section with its center at the Sun (a conical shell); 2) a half sphere sitting on top of a cone (a half spherical shell); and 3 ) a sphere connects the cone tangentially (like a ice cream cone) (Schwenn et al., 2005).  In the present study, we choose a half spherical shell to represent a CME for simplicity.  Figure 1 shows the cone model cutting in the plane containing the cone central axis and the line of the sight (LOS).  In the figure, O is the Sun center, A is the cone apex. OA denotes the cone central axis, X-axis is the projection of the cone central plane on POS, and Y-axis points LOS. 
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Figure 1  Schematic illustration of the cone model in the plane containing the cone central axis and perpendicular to POS.
Let ROA be the radial distance of the cone apex and Rsky be the projection of the furthest outline of the cone on POS. The ratio of CME space speed to CME sky-plane speed , Svel, is given by:
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where Vspace is the CME space speed and Vsky is the CME sky-plane speed. To compute Vspace, we need to input the orientation angle of the CME,(, and the angular half width of the CME, (, along with Vsky into equation (1). The angle between the cone central axis and POS, (, can be obtained from the heliographic coordinates of the CME source location (c.f., equation (9) in Xie et al. 2004).  The CME width is a parameter that is unknown and difficult to measure for halo CMEs from near disk center, due to the solution degeneration of cone models.

In this calculation, we use a statistical method to determine the CME width. We consider a set of 341 CMEs that originated within 30( from the limb as determined from the locations of the associated flares [see Yashiro et al., 2008 for details]. Since measurements of these CMEs are not subject to significant projection effects, we assign an average half width (() to each speed range and take it as the cone half angle: 66( (Vsky > 900 km/s), 45( (500 km/s < Vsky  ≤ 900 km/s), and 32( (Vsky < 500 km/s). The CME space speeds are then calculated from equation (1) by using Vsky, (, and the average half width as input.

2. Error estimation

Errors, dVspace/Vsky,  induced by three CME measurement errors, i.e., the measurment error of cone orientation, d(,  the measurement error of cone half angular width , d(, and the measurement error of the sky-plane speed, dVsky,  are given by the following equation:
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Figure 2 shows the errors, dVspace/Vsky, induced from dVsky (solid curve), d( (dot curve), and d( (dash curve), as function of ( and (, respectively. In Figure 2a, half angular width is set to be ( = 45( and errors are set to be dVsky/ Vsky = 0.1, d( = 0.17 (rad) (~10(), d( = 0.174 (rad) (~10(). In Figure 2b, ( is set to be 90( (along with LOS direction) with the same measurement errors of dVsky, d(, and d(. 
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Figure 2  Error, dVspace/Vsky, as function of CME orientation angle ( (a) and half angular width ( (b).

From Figure 2, we can see that the error caused by dVsky (solid curve) is the smallest among three curves, which means the measurement error dVsky has relatively small effect to the Vspace output compared to the errors d(  (dotted curve) and d( (dashed curve). The maximum dVspace/Vsky for an average ( of 45(and ( of 90( is ~ 0.18 (18%) with dVsky/Vsky = 0.1 (10%).  As ( approaches to 90( (near disk center) and ( is becoming narrow, the errors of dVspace/Vsky from d( and d( increase rapidly, and d( and d( may cause significant errors to Vspace output. The maximum errors of dVspace/Vsky from d( and d( can reach 0.6 (60%) and 0.4 (40%), respectively. Thus, for cases when CMEs are very close to the disk center and CMEs have small width, Vspace output can have relatively large uncertainty.
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