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ABSTRACT

The Sun is the only star that we can resolve with the spatial and temporal details needed to characterize its magnetic activity. As these details cannot be achieved for any other stars, our star has to be treated as a
guiding light for the understanding of stellar dynamos, as well as for the evaluation of stellar activity and how the latter impacts on the planetary and circum-planetary environments. However, since it is not possible to
obtain stellar data with the resolution of the solar ones, in order to compare the Sun with other stars, we have to adopt the Sun-as-a-star point of view for our star. In this framework, we start from disk-integrated data of
the solar emission in the Ca Il K line and we study the relationship with measurements of solar wind parameters performed by different satellites near the Earth. The results of our analysis, based on different
techniques, show that a delayed relation between solar activity and solar wind parameter exists. Because measurements in Ca |l H & K lines have been performed for thousand Sun-like stars during the last 50 years,
this opens the possibility to extend the relations calibrated on the Sun to several stars. As a first step in this respect, as a case-study, we apply the relations found to a sample of Sun-like stars and, to test their validity,
we compare the results with estimates from other models. By using this method, it is possible to determine the intensity of stellar wind speed and dynamic pressure around Sun-like stars. When combined in a synergic
way with precise stellar parameters inferred from asteroseismology, this approach allows to obtain a more complete evaluation of the exoplanetary habitability conditions around Sun-like stars.

SOLAR ACTIVITY-SOLAR WIND RELATION EXTENSION TO SUN-LIKE STARS

The dataset used to study the decennial time-scales relation between the solar activity and the solar

wind properties consists of The advantage of having used the Ca Il K index is that the relations found for the Sun can be extended

to Sun-like stars for which similar measurements are available. In particular, here we use data from the
Mount Wilson Observatory (MWO), which has monitored the emission in Ca |l H & K lines of thousand
stars for about 30 years. We select a case-study sample of 10 Sun-like stars in the faculae-dominated
activity regime, which corresponds to a Rossby number R, > 1 and age =z 2.55 Gyrs (Reinhold et al.

2019), and we compute the values of stellar wind v and P ., from Ca |l data.
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e CallKindex (Jul. 1965 - Oct. 2017), Bertello et al. (2017) composite,

e Mg Il index (Nov. 1978 - Apr. 2021), Bremen composite, Viereck et al. (2004);

e Solar wind speed (v) and dynamic pressure (Pd,SW) (Jul. 1965 - Apr. 2021),
OMNI database.

By extending the Ca |l K index up to 2021 through the Mg Il index, we are able to study such relation
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SYNERGY WITH ASTEROSEISMOLOGY

We find a strong correlation delayed correlation (r=0.84) over each solar cycle for the Ca Il K index with

both v.and P, ., , with the time lag showing cycle-to-cycle variations (Reda et al. 2023b). _ _ _ _ _ _
’ The method described above can be used in a synergic way with asteroseismology in order to

characterize Sun-like stars and their wind interaction with exoplanets (see e.qg. Reda ef al. 2022). This
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Here we use the Sun-Earth system as a Rosetta stone for the evaluation of stellar wind properties
iIn Sun-like stars;

We found the presence of a delayed response of solar wind properties (both v and P to solar

activity (e.g. Ca Il K index);
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The relations found can be easily extended to Sun-like stars;
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When used in a synergic way with precise stellar parameters from asteroseismology, this
approach allows to obtain a more complete evaluation of the space climate environment around
Sun-like stars, giving insights about the habitability conditions.




