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Introduction
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Observations: kinematics
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Observations: acceleration scaling
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Sca“ngs non-pot. B |

/ (free en.)

max. velocity: pv4/2 < BY2p = Vv<v,

acceleration: pa < B?/2ur = asv, /er
acc. time: t=v/ia=2rlv, = 1=1,=d/V,
acc. length: A =v?2a=r = A=T

AR d =10° km, v, =1000 km/s
a=10kms?; t=100s; A=10°km
d = 10° km, v,=400-1000 km/s

QP a=100-1000 ms?; t=15-40min; A= 10°km




Observations: propagation phase
a=a —vy(v-w)lv-wl

Vo(a,>0) = Vg (a=0)

a, = kav,
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General concept:
Forces & Energies

Free energy of
non-potential = | Electric current, |

magnetic field Enag = L 12/2 ®B
/—> \
O=LI } oLt
® ~ const. = Al/AR <0,
| %R = AF /AR <0
= AW/AR <0

AEmag = AEkin T AEpot T Wdrag



IP propagation

e fast CMEs decelerate, slow CMEs accelerate

e deceleration of massive CMEs is weaker than
in case of light CMEs

» deceleration is weaker when a CME
propagates in high-speed solar wind

 CME cross section deforms (,,pancaking”,
deformations related to high-stream streams)
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3-D flux-rope models
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Driving force

a=a —g —ay @ =1 X/r, n=®2n
a, = A (I/h + /R — 21/RX?) £ kI/Ir n=1/2, n=const

in the absence of reconnection:
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Loss of equilibrium
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Loss of equilibrium (observations)




Eruption without reconnection
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Observations:
CME/flare relationship

CME width x veloc.squarec
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Eruption with reconnection
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CME acceleration and vxB proxy
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Sun - 1AU relationship
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Shock formation

& propagation
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Formation:
3D piston (,,explosion phase”;
,overexpansion”)

Coronal propagation:

- lateral (piston-driven  ->
freely propagating)

- upward (driven: piston/bow)

15/16 Jul 2000

CME-driven
(piston/bow)

IP propagation

freely propagating
(Veme ™~ Vsw )

V(R)
IP: 1/R
corona



The End
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