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Asteroseismology, a branch of stellar physics where we infer interiors of stars
based on measurements of stellar oscillations, has been firmly established with the
advent of the space-borne missions such as MOST, CoRoT, Kepler, and TESS, enabling
us to identify evolutionary stages and investigate internal structure and internal
dynamics of the stars; the interiors of the stars are no longer observationally
inaccessible places for us, and a large number of asteorseismic studies have been
currently greatly contributing to the development of stellar physics in the way the

other branches have not been able to do.

KIC 11145123 is one of the Kepler targets, and it has been actively studied
asteroseismically. Its well-resolved frequency splittings for p, g, and mixed modes have
allowed us to reveal various fascinating aspects of the star, among which there remain

two important issues to be solved.

The first issue is related to its evolution. Spectroscopic analyses of the star
with Subaru/HDS indicate that the star is a blue straggler star, thought to be born via
some interactions with other stars. Although all of the previous theoretical models of
the star are computed assuming single-star evolution, high initial helium abundances
of >0.30 are preferred, which partly supports the possibility that the star has
experienced some interactions during the evolution. However, non single-star evolution
where such interactions are taken into account has not been tested yet. To construct

such a non-standard model of the star is one of the primary goals of this dissertation.

The second issue is related to the internal rotation of the star. Based on
detailed asteroseismic analyses of the star, it has been pointed out that the convective
core of the star is rotating around 5 times faster than the other regions of the star.
This suggestion is of great importance because the current understanding of the stellar
internal rotation obtained based on the other asterosesimic researches is that stars are
rotating almost rigidly throughout them without any strong velocity shear inside them.
Nevertheless, the suggestion of the fast core rotation is still far from being a convention
in the community because of the model-dependence of the inference, leading to the
second goal of this dissertation, namely, to infer the internal rotation of the star based

on another model (which is actually the model obtained in the non-standard modeling)



to check whether the suggested fast-convective-core rotation really exists or not.

The non-standard modeling of the star is conducted with two steps. In the first
step, a number of stellar models for some parameter range are calculated assuming
single-star evolution, and models reproducing the observed pattern of g-mode period
spacings A Pg are chosen as "“candidate models". The grid-based modeling results in
the overshooting parameter fovs~0.027 for low-mass range (1.2-1.6 solar mass). The
sum of squared residuals normalized by the observational uncertainties between the
modeled g-mode frequencies and the observed ones is smaller (~3%105) than that for
the previous models (~106). In the second step, the chemical compositions in the
envelopes of the “‘candidate models" obtained in the first step are modified (fixing the
deep regions of the models so that the g-mode frequencies are not affected) based on a
novel scheme developed in this dissertation. Another set of parameter range is
prepared, and grid-based modeling is carried out to find the best model which
reproduces the observed p-mode frequencies best. The best model thus constructed has
the following parameters: M=1.36 solar mass, Yinit=0.26, Zinit=0.002, fovs=0.027, and
Age=2.169%109 years old. The modification is down to the depth of r/R~0.67 and the
extent is A X~0.06 (A X is a difference in hydrogen abundance between the candidate
model and the modified model) at the surface. The residuals between the model and
the observation are comparable with those for the previous models, suggesting that it
is possible that the star was born with a relatively lower initial helium abundance of
~0.26 compared with that of the previous models (>0.30) and then experienced some

modification of the chemical compositions in the envelope.

Based on the envelope-modified model, we have carried out rotation inversion
with one of the most standard methods, the Optimally Localized Averaging (OLA)
method, and
we have also compared the results with the ones which were obtained based on the
previous model of the star (computed assuming single-star evolution). We do not see a
strong model dependence in the results, and the results are generally common for the
two models. The deep radiative region is rotating slightly slower than the envelope
does as has been indicated by Kurtz2014 et al. (2014). The latitudinally differential
rotation has been confirmed with significance more than 2 ¢ in a rather model-
independent way, where the high-latitude region is rotating slightly faster than the
low-latitude region is. We have also confirmed the hint for the fast-convective-core

rotation for both models.

Resolutions for the two issues concerning KIC 11145123 are thus given by this
dissertation. Firstly, the possibility that the star has experienced some interactions

during the evolution has been tested for the first time. Though we cannot exclude



another possibility that the star has evolved as a single star throughout its life, the
results of the test favors a scenario where the envelope of the star has been somehow
modified, which is consistent with the formation channel of blue straggler stars.
Secondly, the existence of the fast-core rotation is confirmed for both the standard
model and the non-standard model, showing little model dependence of the inference.
This result should shed new light on the current understanding of the stellar internal
rotation, and it also could be an important constraint on theoretical works focusing on

the angular momentum transfer inside stars.
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