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Solar Atmosphere
Project 2: Measuring CME speed
Assignment Date: Nov. 3, 2004                                         

Due Date: Dec. 1, 2004
1. Description

The purpose of this project is to measure the speed of a coronal mass ejection observed by the LASCO C2/C3 coronagraphs. A CME is a large scale eruption of solar mass and magnetic field. It propagates into the interplanetary space. It may cause severe space weather when it impacts geo-space. Since Dec. 1995 (the launch of SOHO spacecraft), LASCO has observed almost 10000 CMEs up to date. In this project, you are required to 

(1) identify/select a CME based on LASCO C2/C3 observations

(2) obtain the set of snapshot images for the selected CME
(3) measure the height of CME leading edge for each of the relevant snapshot images

(4) use a linear fitting method to calculate an average speed of the CME, based on the height-time measurement
(5) compare your result  with that in the catalog, e.g., the difference in terms of percentage
(6) estimate the arrival time of the CME, assuming it moves directly toward the Earth.

You are able to identify events and obtain images from the web resources provided below. You are able to process the images, measure the CME positions and fit the CME speed using the IDL program in a SCS machine.
2. Web Resources

(1) SOHO LASCO  --- http://lasco-www.nrl.navy.mil/lasco.html
This site provides the general information about the LASCO instrumentation and operation. It also provides the real time LASCO movies and the archived daily movies in MPEG  format.

(2) CME catalog       --- http://cdaw.gsfc.nasa.gov/CME_list/

This site provides an event catalog of LASCO CMEs. For each CME, a set of parameters has been measured and calculated, including first appearance time in C2, central position angle, angular width, linear fit speed, second-order fit speed, et al. You may use this catalog (and attached movies) to assist you to select an event you want to do further analysis. The measurement result listed in the catalog is only for your reference. Note that the measurement is very subjective. It is expected that you have a different answer. You are asked to measure the CME height versus time and calculate the average velocity; other parameters, such as acceleration, are not required.
(3) CME images   --- http://cdaw.gsfc.nasa.gov/CME_list/images/
All Individual coronagraph images are available in a hierarchical structure as year-month-day. In each day directory, you will find links to images in the order of time and instrumentation. All images are in PNG format. You will find that the given C2 (C3) images are not direct images. Instead, they are so called running difference images, which are the result by subtracting a preceding image from current image in order to review any faint moving feature. The file name of a typical image is, e.g, “c2_rdif.20020104100605.png”, which indicates it is a C2 running difference image taken by the LASCO at 2002 Jan. 04 10:06:05 UT.  A CME height is measured based on the position of the bright leading edge.
The image is in a square shape. The field of view of a C2 image is 6 Rs (solar radius), meaning it is 6 Rs from the image center to the edges (not to the corner). The C3 field of view is 30 Rs. You may figure out the CME height (in unit of Rs) based on the pixel distance of the leading edge with respect to the center.
3. Image processing resource
You are encouraged to use the IDL (Interactive Data Language) program to carry out the image-processing work. IDL is a commercial image-processing and mathematic software package that is widely used by the solar, astronomy and many other scientific communities. In the SCS computer lab (room 226 in S&T 1), you have access to IDL in any of the computers (they are running on LINUX operation system). You may use image-processing programs other than IDL if it is necessary for you. 
