The SOHO/LASCO Halo CME Catalog: A Brief Description

URL: http://cdaw.gsfc.nasa.gov/CME_list/HALO/halo.html.  
1. General Information about Halo CMEs
Halo CMEs appear to surround the occulting disk of the coronagraph. Halos can originate from the frontside or on the backside of the Sun, but the frontside ones are important for geospace impact. Statistical studies have shown that halo CMEs are two times faster than the general population. This means the presence of a coronagraph occulting disk selects only the fastest of the CMEs heading towards or away from the observer. Halo CMEs were a novelty in the pre-SOHO era. In the SOHO era, the halos are routinely observed. About 3.5% of all CMEs have been determined to be halos (Gopalswamy et al., 2007).
This is a list of Halo coronal mass ejections (CMEs) observed by the Solar and Heliospheric Observatory (SOHO) mission. The halo CMEs have been extracted from the general SOHO CME catalog (http://cdaw.gsfc.nasa.gov/CME_list) and enhanced with additional information on the solar-source location, flare size, flare onset time, and CME space speed.   The CME source locations have been derived from the Solar Geophysical Data listing or from inner coronal images such as Yohkoh/SXT and SOHO/EIT.  Some solar sources have also been obtained from Solarsoft Latest Events Archive after October 1, 2002: http://www.lmsal.com/solarsoft/latest_events_archive.html. A recent study by Gopalswamy et al. (2007) showed that knowing whether a CME is a halo or not is only of limited use for space weather applications. We need to know first whether a halo CME is frontsided, and also whether the source is close to the disk center because only the disk-center CMEs make direct impact on Earth.  
The speeds of the halos also have been shown to have a clear dependence on the longitude of the solar source (Gopalswamy et al., 2007). The disk and backside halos have roughly the same speed, while the limb halos are significantly faster on the average. This is most likely due to the projection effects. Also, the CME/shock travel time models require Earthward speed as input. The Earthward speed can be obtained by first obtaining the deprojected speed of the CME and then computing the Earthward component of the speed.  The space speed of the CMEs have been obtained using a cone model, inputting the sky plane speed, CME width, and the angle made by the CME cone with respect to the sky plane (details are given in Appendix I). 
2. Explanation of the Catalog Entries
Column 1:  First-appearance date of the Halo CME (yyyy/mm/dd format), linked to a Javascript movies of the halo CME
Column 2:  First-appearance time (UT) of the Halo in the LASCO FOV (hh:mm format) linked to the height-time (h-t) measurements in the sky plane.
Column 3:  Sky-plane speed of the CME in km/s using linear fit to the height-time measurements in the sky plane; linked to a h-t plot in “PNG” format
Column 4:   Space speed of the CME in km/s 

Column 5:  CME acceleration obtained from a second order fit to the h-t measurements in the sky plane
Column 6:  Measurement Position Angle (MPA) in degrees, measured counterclockwise from solar north
Column 7: Solar source location of the associated eruption in heliographic coordinates [1]

Column 8:  Soft X-ray flare importance   [2]

Column 9: UT of the soft X-ray flare onset (hh:mm format, Year in Column 1 applies)
Column 10:  List of plots and movies (with links) associated with the halo [3]
Column 11: Remarks such as the data quality
Notes

 [1] Heliographic coordinates.  S25E16 means the latitude is 25 deg south and 16 deg east (source located in the southeast quadrant of the Sun). N denotes northern latitudes and W denotes western longitudes. Entries like Blimb-NE indicate that the source information is not complete, but we can say that the eruption occurs behind the northeast (NE) limb. This information is usually gathered from SOHO/EIT difference images, which show dimming above the limb in question. Completely backside events with no information on the source location are marked as “Backside”. A question mark implies less confidence in the stated position. “---“ denotes lack of source information.
 [2] Soft X-ray flare size (peak flux in the 1-8 Å channel) from GOES. “----” means the soft X-ray flux is not available.

 [3] C2. C3, 195, and SXT are mpg movies from LASCO (C2, C3), EIT 195, and Yohkoh’s soft X–ray telescope (SXT).  ‘PHTX’ (proton, height-time, X-ray) link to three-day overview plots of solar energetic particle events (protons in the >10, >50 and >100 MeV GOES channels). DST: link to a six-day overview plot showing the connection between the halo CME and the Dst index on the one hand and the flare on the other.  

If you have questions, contact: Nat Gopalswamy (nat.gopalswamy@ nasa.gov)

This work is supported by NASA’s Heliophysics Data Enhancement Environments Program. 

Appendix I: CME Cone Model

I.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 base cone, four free parameters are needed: cone’s edge length, r, the half angular width, (, the latitude (() and longitude (() relative to the ecliptic plane. Instead of ((,(), one can use ((, (), 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 that connects the cone tangentially (like an ice cream cone) (Schwenn et al., 2005).  Here, we choose a half spherical shell 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 CME leading edge. OA denotes the cone central axis, X-axis is the projection of the cone central plane on POS (so ( is not needed as an input), and Y-axis denotes 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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(1)

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 the 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, the observed speed and width in the sky plane are expected to be close to the true speed and width of the CMEs. Furthermore, the CME width and speed are reasonably correlated: faster CMEs are generally wider (Gopalswamy et al., 2009).  Based on this correlation, 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 ( as input.

I.2. Error Estimation

Errors, dVspace/Vsky,  induced by three CME measurement errors, i.e., the measurement 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 equations:
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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(
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 the three curves, which means the measurement error dVsky has relatively small effect on 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 90( (CME originating near the disk center) and ( is becomes smaller, the error dVspace/Vsky due to 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 having small width, Vspace output can have relatively large uncertainty.
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