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Solar wind modeling based on Alfven waves and interchange reconnection
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(IDepartment of Earth and Planetary Science, School of Science, The University of Tokyo

Observations from Parker Solar Probe (PSP) and Solar Orbiter (SolO) have significantly deepened our understanding of
the solar wind. In response to these observations, numerical models of the solar wind have steadily advanced, and recently,
solar wind speed predictions based on physical models have become possible. Nearly all of these practical solar wind
models, despite varying degrees of accuracy, are designed based on the scenario of solar wind acceleration by Alfvén waves.
However, recent PSP observations and numerical simulations have emphasized the importance of the effects of interchange
reconnection, raising questions about the validity of the Alfvén wave scenario. There is a growing need for quantitative
verification of which regions of the Sun can be adequately described by Alfvén wave models and what corrections are needed
to incorporate the effects of interchange reconnection.

In this study, we construct a model that adds correction terms for interchange reconnection to existing Alfvén wave
models and evaluated its validity. For simplicity, the effect of interchange reconnection is incorporated as heating in the
corona, adopting a formulation proposed based on observations for the heating rate. We conduct a wide-ranging parameter
survey and derived scaling laws for the mass-loss rate. These scaling laws not only explained solar observations well but
also aligned with stellar observations. The results of this study suggest that while the effects of interchange reconnection can
be neglected in regions with relatively weak coronal magnetic fields, such as coronal holes, their inclusion is essential for
outflows from active regions and stellar winds from active stars.
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