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Relationship between the plasma upflow observed at the edge of the active region

and the solar wind
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Solar wind is a supersonic plasma flow blowing from the Sun and is basically classified into the fast solar wind (>500
km/s) and the slow solar wind (<500 km/s). The main source region of the fast solar wind is relatively well understood as
coronal holes in the polar regions. On the other hand, the source region of the slow solar wind has not been fully understood
(e.g., L. Abbo et al., 2016). From previous studies, plasma upflows (upflows) observed at the edge of active region have been
considered as one of the possible candidates of the source region of the slow solar wind. However, there are only a few cases
in which the upflows have been identified as the source region of the slow solar wind based on in situ observations (e.g., D.
Baker et al., 2023). The acceleration mechanism of the solar wind is also not fully understood. (e.g., S.R. Cranmer et al.,
2017). Therefore, in this study, the following analyses were conducted to 1) verify whether upflows can be a source region of
the slow solar wind and 2) understand the acceleration mechanism of the solar wind connected to the upflows.

For objective 1, we analyzed 50 data sets consisting of observations by the Extreme Ultraviolet Imaging Spectrometer
(EIS) onboard the Hinode satellite, the Potential Field Source Surface (PFSS) model, and interplanetary scintillation (IPS)
observations at 327 MHz by ISEE, Nagoya University. We extracted upflows using Doppler velocities calculated from Fe
XIII (202.04 A) emission lines. The analysis suggests that 32/50 upflows were connected to the interplanetary space via
magnetic field lines calculated by the PFSS model. Furthermore, 24/32 of these upflows were found to be connected to the
slow solar wind. This result suggests that some of the upflows could be the source region of the slow solar wind.

For objective 2, we compared the solar wind velocity model (Suzuki, 2006), which considers Alfvén wave dissipation,
with the velocity of the solar wind connected to the upflows. Suzuki, 2006 suggested that for solar winds originating from
coronal holes, the solar wind speeds obtained from IPS observations have a dependence on B / f and are generally within
the range given by the parameters of a typical corona. Where B is the magnitude of the photospheric magnetic field and
f is the expansion factor of the magnetic field lines. Therefore, we investigate the dependence of the solar wind speeds
connected to the upflows on B / f. The result of our analysis suggests that the solar wind connected to the upflows were
classified into those with a dependence on B / f (8/32) and those with a dependence completely different from that of the
model (24/32). Dependencies that are quite different from the model suggest that the solar wind acceleration mechanism may
not be dominated by the Alfvén wave or by B / f. Therefore, we focused on the non-thermal velocities obtained from EIS
observations to investigate the difference between the two. Here, non-thermal velocities are due to waves, turbulence, etc.
on a spatio-temporal scale that cannot be resolved by observation. We compared the non-thermal velocities calculated from
Fe XIII (202.04 A) emission line. The analysis did not suggest any significant differences between the two. These results
suggest that the solar wind connected to the upflows should be considered as acceleration mechanisms other than Alfvén
wave dissipation.
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