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Abstract

The solar wind is the supersonic plasma (sound speed ~100 km/s) streamed from the
corona, which is an outer atmosphere of the sun, and there are two types of the solar wind
called the fast wind (~750 km/s) and the slow wind (~300 km/s). It is also known that the
solar wind is accelerated rapidly in the outer corona about 5-10 Rg (= solar radii). The
coronal heating by magnetohydrodynamic waves and the wave-induced magnetic pressure
are thought to play major roles in this rapid acceleration. However, confirmation by
observations has been insufficient because physical properties of the solar wind acceleration
region, whose plasma is thin and dark, are difficult to observe by optical methods.

In radio occultation observations, coronal plasma disturbs received radio wave’s amplitudes
and frequency from which we can derive physical parameters such as the flow speed and
wave’s amplitudes. In this research, we analyze data taken in JAXA’s Venus orbiter
Akatsuki's radio occultation observations carried out during the superior conjunction
periods from May 30, 2016 to June 15, 2016 as well as the observations in 2011. Solar offset
distances of about 2 to 10 Rg were probed intermittently 11 times.

Physical parameters (flow velocity, power-law exponent, axial ratio, inner scale, and the
magnitude of the power) were retrieved from the intensity scintillation time series by fitting
a theoretical spectrum to the observed power spectra. The radial distribution of the derived
solar wind velocity clearly showed a difference between the two types of the solar wind. We
also found that the inner scale increases with the heliocentric distance and that the fast solar
wind has larger inner scales than the slow solar wind. This behavior is consistent with the
theoretical model (the inertial length model) both qualitatively and quantitatively.

We applied wavelet analysis to the frequency time series to detect quasi-periodic
fluctuations (QPC), that are thought to represent acoustic waves, and quantify the
amplitude, the period, and the coherence time of each wave event. The density amplitude
and the wave energy flux were also estimated following the method of Miyamoto et al.
(2014). We confirmed that the fractional density amplitudes increase with distance up to ~6
Rs. The amplitude reaches tens of percent, suggesting a possibility of wave breaking. The
energy fluxes increase with distance up to ~6 Rg, suggesting local generation of waves. It is
probable that these radial distributions indicate that the Alfvén waves propagating from the
photosphere generate acoustic waves in the outer corona, and the generated acoustic waves
dissipate to heat the corona, as suggested by Miyamoto et al. (2014). Furthermore, the
energy fluxes in the fast solar wind were larger than the slow wind. The results suggest that
the fast solar wind originating from the coronal hole is powered by a larger injection of wave

energy than the slow wind originating from other regions.
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