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Analysis of observed asymmetric structure of interplanetary flux ropes
#Katsuhide Marubashi
NICT

Interplanetary magnetic flux ropes (IFRs) are the central part of plasma structures which are launched into the solar
wind in association with coronal mass ejections. Many of them are observed as asymmetric structures by in situ
measurement by spacecraft. In particular, decreases of the solar wind speed are common within IFRs, which are
generally taken as evidence that [FRs are in expansion. Understanding generation and subsequent evolution of IFRs
requires knowledge of precise details of those structures. The following 4 interpretations are possible to explain the
asymmetric signatures which are seen in in situ observations by spacecraft: (1) IFRs are being accelerated (decelerated)
during spacecraft passage. (2) IFRs are in the state of expansion (contraction). (3) IFRs are really of asymmetric
structure. (4) Magnetic field lines are eroded at some part of the IFR near the surface. The cases (1) and (2) indicate
that the time variations obtained by single point observations can be asymmetric even if the structure itself is spatially
symmetric. Some appropriate structural model is needed to explain the observed asymmetric signature by invoking the
assumption. Actually, no reliable models have proposed so far. In a sense, the case (4) is a special case of (3), and the
erosion idea is becoming a popular research subject. The author has long been trying explain observed IFRs based on
flux rope models of expanding force-free structure. In such studies not a few [FRs were encountered which require
invoking situations (1) and (3) for interpretation. Recently, Demoulin et al. (A&A 639, A6,2020) analyzed more than
90 IFRs and showed statistical results about the asymmetric features of IFRs. Their study starts with estimation of
expansion rate of IFRs from the temporal variations of the solar wind velocity within IFRs, and then proceed to estimate
how the expansion affects the spacecraft observation of magnetic fields. They showed that observed magnetic field
variations could be explained only for about 30 % of the cases, and concludes that some additional mechanism is needed
for understanding the magnetic field variations. In my opinion, however, it is needed to analyze both velocity and
magnetic field data simultaneously for estimation of the IFR expansion. Therefore, I've made up my mind that [ should
examine more details about the observed asymmetric behaviors of the IFRs. Our final objective is to estimate the mutual
importance among (1) ? (4) in each of the observed IFRs. However, it may not be expected that the least squares fitting
analysis with a model which includes all of the conditions (1) ? (4) simultaneously. The reason is that the effects of (1)-
(4) are more or less similar. Thus, we first compare the fitting a result obtained by assuming one of the four condition
independently with another fitting result obtained from a different condition. Then, we calculate one possible
theoretical model with one of the four conditions (for example, condition (1)), and try fitting analyses with a model
which take other Conditions (for example, (2) or (3) or (4)). Through such trials it is expected that we can get insight
to distinguish groups of IFRs for which what conditions are most effective in each of the all observed IFRs.
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