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This is an attempt to extend the applicability of an analysis method of interplanetary magnetic flux ropes (IFRs) based on
Grad-Shafranov (GS) equation so that the IFR structure can be reconstructed for the cases of expanding IFRs. The point is
to estimate the expansion rate of the observed IFR, and to perform the GS reconstruction procedures after eliminating the
effects of expansion from the observational data. An example of analysis with this new scheme is shown in the Figure. The
analyzed IFR is the 15 July 2000 event. The observational data exhibits strong anti-symmetric behaviors in the magnetic
field and velocity variations. Our analysis gives the expansion rate of 1/23 (the size becomes two times in 23 hours). With
this expansion in mind, the structure was calculated for the time of the first contact of the spacecraft with this IFR. The
left figure indicates that the Pt (pressure) vs A (vector potential) relation in the inbound pass and that in the outbound pass
coincides with each other. The right figure shows the distribution of Bz (magnetic field component parallel to the axis) in the
cross-sectional plane. A very important point is that the structure itself is symmetric at the time of the first contact (actually
the symmetry is maintained afterwards), while the observational data shows a strong asymmetry.
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Figure. (Left): Pt (pressure) vs A (vector potential) obtained for the 15-July-2000 flux rope with the best fitted
axis direction. Pt-A in the inbound and outbound portions of the spacecraft pass are completely
coincident.

Figure. (Right): Magnetic field Bz (axial component) distribution in the cross-sectional plane.



