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Corond Mass Ejectionsare known sometimes for thar graceful and majestic outflowing
fromthesun. They are also sometimes characterized by outbursts of great velodty. This
pape seeksto classify these CMEs based on a variety of factors. Thevelodty of the
CME isonesuch factor, asisthestructure of the CME itself. Theouter edgeandthe
inna core of the CME moveat different velodties, and this difference can track the
structural evolution of theoutburst. Another factor istheangular separation of the"legs'
of theCME. All of these factors make it possible to andyze these Corond Mass
Ejections and to classify them according to certain characteristics.

Introduction and Overview

Corond mass gjectionsoccur frequently onthe sun, with minor ones occurring daly.
Using the SolarSoft CME Search provided by NASA and others, CME data can be
reviewed. This daawas captured by the Large Angle and Spectrometric Coronagraph
(LASCO) aboad the Solar and Heliopheic Observatory (SOHO) spacecraft. Stationed
at thelL 1 paint, the SOHO spacecraft provides an unobgructed view of solar activity.

Using this data, the database was combed for themos powerful CME candidaes for
1998through2000as well as some daafrom 2005 This provides aglimpseinto CME
activity during solar minimum as well as maximum. Detailed images were acquired and
processed for this collection of powerful CMES, enhancing details visible in the structure
of the CME. Measurements were then taken on these enhanced images, providing
height-time datafor each CME event.

Using this data, qudities such as velodty and CME depth were derived. The CMEs at
this point were classified according to these qudities.

Gathering Raw Images

CME candidates were gathered usng the database provided at
http://www.Imsal.conVsolarsoft/www_gecme_list.html. CMEs are ob%rved uang this
database, finding thoe suitable for study. After alist isarrived at of potential CMEs, a
seconddatabase is called upon,located at http://lasco-www.nrl.navy.mil/cgi-
bin/lwdb/Aasco/images/form. Raw images are requested throughthis repostory, and
downloaded in packages.



Processing Images

Theraw images provided by the LASCO queay form contain information, jug notin the
rightform for the purpo<e of this study. The brightness of the sun (thedisk of whichis
occulted) peaks jug outsidethe occulting disk. This brightness then falls off incredibly
quickly, reaching amog zero brightnessin theimages. While thebrightness can yield
interesting results, this study is concerned with thestructure of corond mass gections
Using previoudy developed code thestructure isrevealed in these raw images.

This process beginsoutside the occulting disk and works in aradial fashion. It
progresses througha series of circles of pixels, nomalizing each. Thelowest and highest
brightness valuesin each circle are noted, and this narrow rangeis then scaled up to fill
theentire rangefrom black to whitein theimage This nomalizationreveds ddails tha
are otherwise log in the great brightness contrast.

Figures 1 shows the stark difference before and after image processing.
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Figure 1 — Unprocessed image (left) and processed image (right)
Gathering Data

Codewas developed in IDL that allows for theeasy tracking of CME structure. The
program progresses throughthe series of images in each CME, presentingeachina
windowonthescreen. Theresearcher then uses the mouse to select several pointsonthe
image simply by clicking directly ontheimage The points studied were the outer edge
theinnea core, andthetwo legsof the CME. Theprogram takes these values and outputs
thepostion (in solar radii) andtheangle. With these valuesthe structure of the CME can
betracked over time.



Reviewing Data
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Figure 2 — Position-time plot for the edge and core of a CME
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Figure 3 — Position-time plot for the edge and core of a CME



In the previousfigures, the plus symbols represent the postion of the edgeof the CME,
while the diamondscorrespondto the core postion of the CME. Figure 2 revealsa CME
with largevelodty. Theentire event occurs within atimeframe onthe order of five
hours. Figure 3, ontheother hand, details a CME with a much lower veloaty. The CME
of figure 3 dowly eases away over the course of 17 hours.

Both figures, however, show thefact tha the edgeand core seem to progress for the mog
pat togeher. After gahering daafromanunmber of cases, the edgeand core velodties
were recorded and compared.
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Figure 4 — Core velocity versus edge velocity

From thedata presented in figure 4, a correl ation exists between thevelodty of theedge
andthevelodty of thecore. This matches with theappaent lock-step movement of the
edgeand core. However, this correlationis dightly skewed, with atendency for theedge
to movefaster than the core.

So wha else can thevelodties of CMEsrevea? Thedaaset collected was purposfully
chon to span over arangeof years, reachinginto both themaximum as well asthe
minimum periodsof solar activity.
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Figure 5 — Structure velocity versus year

Theblack tick marks of figure 5 represent the edgevelodty, while thered serve for the
core velodty. For theyearsfrom 1998to 2000there appearsto bean increase in
maximum velodty astheyears progress. When daa collection continued in 2005,the
maximum velodty ismuch larger than in earlier years. It then decreases for theyear
2006.



w
[=]

n
=]

Percentage
o

| ]
e

Fr—l—

: L
5.0-10° 1.0-10° 1.5-10" 2.0-10°
Velocity (km/s)

o

Sl

o

Figure 6 — Histogram of structure velocity

Thehistogram presented by figure 6 shows the edge velodtiesin black and the core
velodtiesin red. Both theedgeandthecorefollow asimilar distributon. The magjority
of CMEs are of dower velodty, with the number decreasing with increasing velodty.

Reviewing Data

Theedgeand core of the CME evolve differently with time. They follow asimilar pah,
but with the edgeaccel erating more quickly than the core. When looking at the
distribution of edgeand core velodties over time, there seems to be a correlation between
maximum velodty andthetime period. During solar maximumthe CMEs appear s ower
than in theregion of solar minimum. The histogram distribution shows more CMESin
the dlower regime, which is curiousin tha it does not follow a more bdl-shgped
distribution but rather peaks with dow CMEs.

Future Work

Developments in processing techniques allow for the study of images fromthe C3
cameraas well astha of C2. Thisgreatly expandstheviewable range and alowsfor
study of structura evolutionfar beyondtheorigind limits of the C2 camera. Work can
also be continuad by expanding the scopeof the study to indudemore daapointsin the
yearsfrom 2001to 2004 Thiswill give more daain general to work with, and will hdp
answer questionsconcerning how CME strength changes with the solar cycle.



