MAGNETOHYDRODYNAMIC MODELING FOR A FORMATION PROCESS OF CORONAL MASS EJECTIONS: INTERACTION BETWEEN AN EJECTING FLUX ROPE AND AN AMBIENT FIELD
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We performed a magnetohydrodynamic simulation of a formation process of coronal mass ejections (CMEs),

focusing on the interaction (reconnection) between an ejecting flux rope and its ambient field. We examined

three cases with different ambient fields: one had no ambient field, while the other two had dipole fields with

opposite directions, parallel and anti-parallel to that of the flux rope surface. We found that while the flux rope

disappears in the anti-parallel case, in the other cases the flux ropes can evolve to CMEs and show different

amounts of flux rope rotation. The results imply that the interaction between an ejecting flux rope and its

ambient field is an important process for determining CME formation and CME orientation, and also show that

the amount and direction of the magnetic flux within the flux rope and the ambient field are key parameters

for CME formation. The interaction (reconnection) plays a significant role in the rotation of the flux rope

especially with a process similar to “tilting instability” in a spheromak-type experiment of laboratory plasma.
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In this work we relate the magnetic and topological parameters of twelve interplanetary magnetic clouds to associated solar active regions. We use a cylindrically symmetric constant-α force-free model to derive field line twist, total current, and total magnetic flux from in situ observations of magnetic clouds. We compare these properties with those of the associated solar active regions, which we infer from solar vector magnetograms. Our comparison of fluxes and currents reveals: (1) the total flux ratios ΦMC/ΦAR tend to be of order unity, (2) the total current ratios IMC/IAR are orders of magnitude smaller, and (3) there is a statistically significant proportionality between them. Our key findings in comparing total twists αL are that (1) the values of (αL)MC are typically an order of magnitude greater than those of (αL)AR and (2) there is no statistically significant sign or amplitude relationship between them. These findings compel us to believe that magnetic clouds associated with active region eruptions are formed by magnetic reconnection between these regions and their larger-scale surroundings, rather than simple eruption of preexisting structures in the corona or chromosphere.

Leamon et al. (2004) performed such fits to 12 MCs and found that their inferred axial

fluxes roughly matched the flux of the entire active region (AR) whose CME had ejected it.

We note that the solar observations are ambiguous, and that in an active region a left-handed flux rope in the low corona may also be associated with a right-handed MC, as in some cases reported by Leamon et al. (2004).

An alternative scenario is that from the AR a flux rope with negative twist started to rise and a right-handed MC was produced from the overlying coronal field through reconnection. Leamon et al. (2004) showed that the handedness in an AR does not necessarily imply the observation of a MC with the same handedness. A possible mechanism reversing the twist of a flux rope emerging into overlying pre-existing fields invoking reconnection is discussed in Zhang and Low (2003).
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