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Flux Rope Model Analysis Observational Test

Abstract This new analysis proceeds i 9. Bateman 1978, Chen 1989, An observational test may be done by examing the
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that a prominence is supported by a flux rope, hence its 20100506.0
in the SOHO/MDI image indicates the position

Flux ropes are now generally accepted to be the magnetic configuration of 2 '
Coronal Mass Ejections (CMEs), which may be formed prior or during solar
eruptions. In this study, we model the flux rope as a current-carrying partial
torus loop with its two footpoints anchored in the photosphere, and investigate
its stability in the context of the torus instability (TI). Previous studies on TI evolution could be used as a proxy for a flux rope.

have focused on the configuration of a circular torus and revealed the existence

of a critical decay index of the overlying constraining magnetic field. Our stud

reveals that the critical index is a function of the fractional number of the

partial torus, defined by the ratio between the arc length of the partial to
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radius. We refer to this finding the partial torus instability (PTI). It is f etic inversion line -.
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the distribution of the external magnetic field. We de
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eruption of a flux rope CME.
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- The figure below shows a cross section of the torus; the L
the magnetic field due to the toroidal current plus a perpendic
ternal field, the RHS indicates that the system is in balance (Figt
from Bateman 1978)
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The new analysis shows that the critical index is a function
of the geometrical shape of the evolving flux rope n.(Z.,)

- The importance of this is that once a CME flux rope
reaches the height of the critical index n,, it will become
unstable and erupt, if it does not it will be confined. This
was demonstrated with a model run, though it is unclear
what mechanism drives the flux rope to the critical height

dd,/dZ = 0 al height Zcs

| be confined

- A preliminary observation to support this theory was
shown, in order to have a meaningful result a statistically
significant number of event will have to be analyzed. A plot
of monotonically increasing values of nvs. Z/S) is expected

- However, if the external field decreases rapidly enough in the direc- d(I)S/dZ + 0
tion of the major radius then any outward perturbation will cause the
inward Lorentz force to decrease faster than the outward Lorentz force
resulting in the expansion of the ring (Bateman 1978)
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- The external magnetic field By is characterized by a decay index », and
if n > 3/2 the torus becomes unstable and outward magnetic forces
dominate causing expansion

The significance of this result is that if the index of the
external field is less than the critical value the flux rope will - Between Z, and Z,, the flux rope
be stable to perturbation. On the other if the index is greater is stable since n < n.; and driven
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