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INTRODUCTION: The interplanetary magnetic flux ropes (IFRs) have long been studied from the viewpoints that they
are main drivers of strong geomagnetic storms, and that they provide information on the generation mechanism of CME:s.
It is a key in such studies to determine the 3-D geometries and the internal magnetic field structures of IFRs. In order to
challenge the problem, the following two analysis methods are commonly used: (1) fitting of observed magnetic fields to
force-free models (FF method), and (2) reconstruction of IFRs based on the Grad-Shafranov equation (GS method). These
analysis methods were developed from different view-points, and thus have both merits and demerits of each. We present
here a new method for significant improvement of the GS method, which have been developed with the aid of knowledge
from the FF method.

OUTLINE OF THE METHOD: The GS method is attractive in that no assumption is needed for the shape of the IFR
cross-section. However, it needs magnetic field distribution along a line which is used as a boundary condition for calculating
the spatial structure of the IFR. This raises a difficulty in analyzing the observed IFRs, because the data obtained from
spacecraft are generally combination of spatial and temporal variations. While a theory was published to resolve this difficulty
by Hasegawa et al. (JGR, 2014), the method has not been applied to sufficient number of IFR events. On the other hand,
the FF method is designed aiming to reproduce the observed spatial-temporal variations by using time-varying IFR model
structure. Therefore, it is expected that the results from the FF method can provide the purely spatial variations of IFR
magnetic fields at any fixed time. We developed a method to derive the spatial field change along the spacecraft orbit for IFRs
expanding in a self-similar fashion.

RESULT: We applied the new method to a test data-set: the field variation to be observed when the spacecraft passes
through the expanding axisymmetric IFR model. The result shows the axisymmetric structure is retrieved from the virtually
asymmetric time-variation of the test data-set.

CONCLUSIONS: We need to test the applicability of the method to data from real observations. Judging from the fact
that there are many IFR events which can be reproduced by the expanding cylindrical model, the applicability should be
assured by such tests. (While such an attempt is not made as of now, some results will be shown in the presentation in the
conference.)
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