     CSI 769/ASTR769   Fall 2005

Topics in Space Weather

Project:  Sun-Earth Chain Activities in Halloween Storms
Phase 1: Physical Processes on the Sun
Phase 1 Assignment Date: Oct. 4, 2005
Phase 1 Due Date: Oct. 11, 2005
Requirements
1. Identify and describe solar sources of one Halloween storm
During the Halloween storm period, there was an extremely intensive geomagnetic storm peaking at 01:00 UT, Oct. 30, 2003, at which time the Dst (Disturbance Storm Time) index reading was at -363 nT.  (Note that a geomagnetic storm is measured by ground-based magnetometer; the Dst index is one of popular measures of the severity of a geomagnetic storm. More details about geomagnetic storms will be given later in the lectures). It has been identified by several researchers that this storm was caused by a CME ejected from the Sun, which first appeared in the SOHO/LASCO C2 coronagraph field of view at 11:30 UT, Oct. 28, 2003. This CME was associated with an X17.2 GOES soft X-ray flare peaked at 11:10 UT, Oct. 28, 2003. It was further found that the CME/flare eruptions were originated from NOAA AR 0486, which was located at heliocentric coordinate S16E08 (South 16 degree and East 08 degree) at the time of the eruptions. With this given information combined with great resources available online (e.g., links provided), you are required to research on the sources of this CME. You at least need to find and provide, but not limited, the following information
· One magnetogram image (e..g, SOHO/MDI) taken in the day of Oct. 28, 2003. Describe what you see, and indicate the source active region in the image
· One coronal image (e.g., SOHO/EIT) taken at one time during the eruption. Describe what you see, and indicate the eruption feature in the image (e.g., flaring)

· One coronagraph image (e.g., SOHO/LASCO C2 or C3 image) taken at one time during the eruption. Describe what you see, and indicate the location of the CME in the image. 

Note that you may need to use screen capture to extract appropriate images from mpeg movies often provided online.
2. CME timing: estimate CME onset time based on measurement by LASCO C2/C3
LASCO C2 and C3 have field of views of 2-6 Rs, and 4-30 Rs respectively (measured from disk center). Though a CME first appears in the C2 field of view (>2 Rs), it is understood that it is initiated in an earlier time in the lower corona close to the Sun’s surface. Based on the height-time measurement in the LASCO, estimate the CME onset time at the surface of the Sun using linear extrapolation method, assuming (1) CME is initiated at the surface (or at 1 Rs) and (2) CME is instantly initiated and has a constant speed in the inner corona below the C2 occulting disk. The height-time measurement data for the CME at 11:30 UT, Oct. 28, 2003 is available at  http://cdaw.gsfc.nasa.gov/CME_list/UNIVERSAL/2003_10/yht/20031028.113005.w360h.v2459.p015s.yht; the first three columns indicate the CME height, date and time, respectively. You could do the extrapolation using any software, e.g., IDL, Excel, and Mathematics. A graphic plot of the data points and linear extrapolation is desired but not required. 
3. CME kinetic energy, velocity and transit time to the Earth

The observed average velocity of this CME (projected velocity on the plane of the sky) is about 2459.0 km/s

· Assuming the mass of this CME is 1016 gram, calculate the kinetic energy of this CME

· Assuming the true radial velocity along the line of sight is the same as the observed projected velocity, calculate the transit time (in unit of hour) of this CME from the Sun to the Earth (distance of 1AU), and estimate the impact time (time and day, in UT format) 
Useful links
2003 Halloween storms visualization http://svs.gsfc.nasa.gov/search/AnimationSeries/Halloween2003SolarStorms.html
Solar activities from Oct. 19 to Nov. 4, 2003
http://beauty.nascom.nasa.gov/~ptg/oct-nov-2003-xflares.html 
2003 Halloween major geomagnetic storms and associated events:

Event number 68 and 69 in the table at http://solar.scs.gmu.edu/meetings/cdaw/Data_master_table.html
Online CME Catalog by GSFC/NRL

http://cdaw.gsfc.nasa.gov/CME_list/
LASCO/EIT site by NRL
http://lasco-www.nrl.navy.mil/lasco.html
