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In receni geedented amount of high-quality data from various
spaceprobes (V@ GIND), SOHO, ACE, TRACE, Ulysses) has been piled up that
exhibit the enormousvariety of CME properties and their effects on the whole
heliosphere. Journals and books abound with new findings on this most exciting
subject. Howeyver, major problems could still not be solved. In this Reporter Talk T
will try to deseribe these unresolved issues in context with our present knowledge.
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"We define a to be aniobservable
change in coronal structure that occurs on a time scale of a frew miklitiesiand
several hoursiandlinvelvestiihe appearance (and outwardimoition), RS)6ii a hew,
discrete, brighipwhineslighisiieature in the coronagraph field ofi view." (Hundhausen
et al., 1984 siglaEEGRtErdefinition of “mass ejection events” by Munro et al.,
1979).
CME: coronal mass ejection,
not: coronal mass ejection!

In particular, a CME is NOT an

jon

The c-omtmi‘ry h.c%chosen to keep the name "CME", although the more

precise term appears to be more
appropriate.

An LC is the interplanetfry counterpart of a CME




1.1, Which pre-event: signature signals an impending CME 2

2003/10/27 04:36

1,2, What: is the actual trigger of a CME?

1998/05/31 20:04

Two s 15 re
evaporaf r:-‘f%ar e
few hours lateria huge
ejection occurred:

e L)

2003/10/27 05:54

On October 28, 2003, in conJunchon with a
X13 flare, there occurred a gigantic CME
8 hours earlier a little comet had

evaporated!




1.3} Ts proximity. ofi coronal hole boundary stimulating CME?

Thelideat
Emergingiloopinear CH boundary
reconnects with CH open field line
and thus shifts CH boundary.

Neutrol sheet
/! /Neutral sheet

Bravo 1995
GIGEA (Remnant of Hewish's idea:

Corond hote  STreO™ Corond hols
base

i e base CHs -> ,eruptive streams" -> CMEs)

(a)

Kahler & Moses, 1990

Maintenance of rigid
rotation by ., footpoint
switching

Wang & Sheeley, 2004

1.3} Is proximity. ofi coronal hole boundary stimulating CME?

At least, coronal holes do deflect CMEs towards solar equator!
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1.4. Which role do flares play for CMEs' onset and further fate?

= Blares are localized short-duration
plesionsiinitihe solar atmosphere, seen

r *
flares and correlated CMEs

Harrison, 1992

1.4. Which role do flares play for CMEs' onset and further fate?

For illustrationithierexplosive onset of a CME, in close contiexit wiihiia flare:

For thisiCME®G OPPNe were lucky to observe thelonset in great detail,
] gseveral instruments: MICA, SUMER, EIT

Innes et al., 2001

BS0 950 1050 850 950 1050 B5D 950 1050
Sun-X Sun-X Sun-X
- EIT images, taken every 12 minutes

The MICA coronagraph took™ = The SUMER slit happened to be
an image every half minute! in the “right" location.




1.4. Which role do flares play for CMEs' onset and further fate?
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Line-of-sight plasma speeds

from SUMER spectra, and

MICA radial speed data fit
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Expansion speeds up to 600
km/s in all directions were
FeXX  SIX measured. That indicates 3-D
IE7 8E5 5 o 5
explosive reconnection at a site
FeXX in the corona!
350

v

Innes et al., 2001
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Flares and CMEsjaressibablyasymptoms of a more  Harrison, private
=]

basic of the sun communication, 2000
: =M

The bandwidth oft CME properties (speed, acceleration profiles, sizes,
event associations, etc) is enormous. It is hard to conceive thai: they.
are all due tio the same release and acceleration mechanisms:

CD 2004417100026 -

This balloon took some 30
This extremely fasti limBIEME of Nov. hours fo finally take offl It
10, 2004, went To&(l) RSpfNZNiG1Izs! was the offspring of an

eruptive prominence.




. Are there different acceleration mechanisms at work?
. Howrsmallhareshiersmallest CMEs?

2 HOWIGIPRHERA G ediplastial clouds integratediinto the solar wind?

20041110.022605.w360h .v3387.p3025.
— T T T

Projected Speeds - Distance Profiles
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Projected Speeds in Km's

Haight (R

Feature = Al
Position Angle = 302,
veloctty = 3387.1 km/s

“Balloon”-type CMEs take up speed
Bl slowly, like the ambient slow solar wind
This extremely fasiitb CMEGT Nov. S ds Ve 1999
10, 2004, went: to 30"Rs: in 2 hours!

Distance in Solar Radii

2.4. Tsithere a continuous spectrum of CME properties?

SOHO LASCO 1996 (98 CMEs)

SOHO LASCO 1997 (191 CMEs)
| c Nm:e The.smaH number of slow
7 MEs! The increased sensitivity of
{ Do the modern instr g

e NOT umentation has

e s Increased the number of slow

e ———— faint CMEs. ‘

Fracton in 100 knus Iterval

Fracton in 100 knvs Interval

s -
o e

[l  Histogram of apparent front

* e oo™ speeds of 640 CMEs,
SOHO LASCO 1996-1997-Jun1996 (640 CMES) observed by LASCO on SOHO

St.Cyr et al.,, 2000
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3.1. How to interpret the various commonly observed featuresiofi CMES?

3.2. Wherenwolildiarshicekifronibe ini coronagraph images? HowiaRaticad

The majori a clearly discernible 4-par+t / 12 7
3

o eRIENABepIaNEN oW far extended?

structure. Str: Kitself remain invisible, but-...

G2 2005/01/19'09:06° = F

C3 2005/01/19 09:49 .- b, y

Vourlidas, 2003, Ll
Craravella, 2005

3.3. How: long befiore aiCME eruption is the big loop formed? Doesiiithold tihe
stuff downpuntiliireriptis oriis it formed as part of thelerupticniprocess?:

ry

A CME with an erupififigipromiinence, observed B8R /05/31 2004
onJiliner 2hd998!




. Is the bright: white loop part of the ejecta, i.e., does it act as driver or
is/ it driven ifiselif?

. Whererarahensaresttie)oop! legs  ever disconneciied?

. AEE; Stiebright kernelfseparate entities or are they both
paris IBAUXAOPE?

. Do dllfertipimmgisizeamers have cavities?

. Whai-doithe downflow events and collapsing
loopsimean?

N

-

2 1995,12 /24 ap:

Wang and Sheeley, 1999 ff

Tripathi, 20058




When does: reconnection occur in the CME process?
WihdirexaetlyAsttie role of reconnection: frigger, drivernoriere

BRPRREREIcWhIch time scales is the new flux opened by a
GNP EEyeE Dy apprroprriate reconnection?

The ,breakout model®
for CMEs

Antiochos, 1998

4.6, How.is the ,flux catastrophy” avoided?

n’rerchange recotinection might
happen herel

Interchange reconnection
might help to maintain €4
rigid rotation aboye e B
differentially FosGiting | Crooker et al., 2002
photosphere 7




Where are shock waves actually being formed?

Arerstioeksiomydares blast waves, qualitatively differenistonm
<z SHoCks?

D)o veniually die ouf, and where?

ciercaichiup with ejecta and CME shocks?

CORONAL
TRANSIENT,
SHOCK

N

Klassen, 1999

The head
CME shock runs @

T:? and simul'rar\eously ’rc:(

c type IT shoc ‘

i be the same:

Projected/ True" Height (R/Rgys)

decametric typg

\ the metri
d < They canno

WagnerdMcQueen, ]983

Moreton- and EIT waves, coronal dimmings, radio type IT&IIT bursts,
energetic particles - is there a consistent scenario?

e
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Fig.2. BIT wave onset related with the start of associated
type 111 bursts (indicating the start of the impulsive flare
phase). The start time of the type III bursts is zero on the

| time axis

Vi EIT waves are or
usually much slov

than Type
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Fig. 3. The speed relation between EIT waves and type 11 bursts
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6.1. Where, wheniand how. are particles accelerated?
6.2. AreshereseNGrieven more) classes of SEPs?,

6.3, P LRNotsaton ar distanii field lines: transport or local
deczlzration?

West limb event: N East limb event:
well connected w badly connected

N N L
teyn

6.4. What is the seed population for SEPs?

Type IIIs

18
intensity (dB) relative to cosmic background

Cannibal CMEs? K- P a=0008

1



The majority of CMEs has a clearly discernible multi-part structure. But mosit
ICMEs exhibit:a very. diffierent two-part structure: a shock-compressed
sheath layer followed by a rather homogeneous low: beta plasma, with several
ofliericharacteristic signatures (,driver gas:, ,piston:);

7.1, o @Tr‘ucfura transformed into the ICME structure?

12 18

o
1980174

7.1. How big in extent are shock fronts compared tio ICMES?

eWhyiaresivinall ejectal clouds also maghetic clolds?

Borrini, 1982

outer boundary

Bame, 1979
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Why: do we find! He* enhancements so rarely: in
ICMEs?.

WhGi e iREaneEe and ionization state
fmesiilg JINIEXaolitthe TCMEs' origin?

WHE 2eyional streaming really mean?

offene Feldlinien _—
Strahl electrons

Flux rope

Magnetic bottle

Plasmoid, E |
maghetic cloud Schwenn, 1980 T o

8
ENERGY PER CHARGE CHANNEL NUMBERS

8.1. How. far around tihe Sun doi ICMEs and SEP fluxes extiend?

8.2. Howjiregtlarkaresifiershocktronts due to local shiock speedidiiiererces?

gIEraiion! processes
eVieliospliere?

3c283
3c298

SOLAR FLARE, II/IV
B0 0T 23 July Isso

520220

sc.
1111 UT" 25 July 1980

Watanabe, 1992
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8.4. Acceleratiion & deceleration processes throughout the heliosphere?

ot Mol at | Note the substantial scatter!
‘ * CME speeds may not have been measured
sufficiently well,
+ Helios was not always hit by the fastest
parts of ICMEs,
+ ICMEs travel through different ambient
solar wind.

travel time to 1 AU (h)

Schwenn et al., 2005

T T T T T T
500 1000 1500 2000 2500 3000 3500
CME radial speed (km/s)

The travelimeei BEME driven shock fronts from the Sun to the
location off Heliosilivs the CME radial speed V,

viE‘
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