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In low-energy hadron physics, one can consider a global symmetry called isospin symmetry (SU(2) flavor symmetry)
for the light quark sector, up and down quarks. We can also consider SU(3) flavor symmetry with the addition of
further strange quarks for the light quark sector. SU(3) flavor symmetry as well as the symmetry breaking due to the
difference among the quark masses are also important, and they appear in hadron phenomena. Among hadrons kaon
is unique; it is a hadron that appears due to the dynamical breaking of chiral symmetry and reflects the large effect of
explicit breaking of chiral symmetry due to the inclusion of the strange quark. In this dissertation, we study the flavor
symmetry and its symmetry breaking phenomenologically via the hadron phenomena with strangeness induced by
the kaon.

For the study of the isospin symmetry breaking, we propose to utilize the K"d > Apand K" d — 1An reactions
in order to investigate the difference between the low-energy Ap and An scatterings. In these reactions, the Ap and An
scatterings appear as final state interactions. The large isospin breaking in the AN system is proposed by the
experiments of the hypernuclei. The low-energy property of Ap was studied by the pp — K+Ap reaction, while that of
the An has not yet been experimentally determined. We find that the ratio of the AN invariant mass spectra of the K™ d
— 1 Ap and K™ d - 1" An reactions is useful for studying the qualitative properties of isospin symmetry breaking in
the low-energy AN scattering.

For the SU(3) flavor symmetry breaking, we discuss the density dependence of the chiral condensate with the
strange quarks in the nuclear matter. In order to confirm the dynamical breaking of chiral symmetry, the partial
restoration of the chiral symmetry in nuclear matter is investigated. The magnitude of the chiral condensate (uu +
dd) is expected to decrease as chiral symmetry is restored in the nuclear matter. The partial restoration of the chiral
symmetry in nuclear matter is confirmed by the decrease in the chiral condensate obtained experimentally through
the pion-nucleus interactions, the pionic atom and the pion-nucleus scattering. For the systematic study on the partial
restoration of the chiral symmetry, we derive the in-medium chiral condensate with strange components and discuss
the behavior of in-medium chiral condensate with the obtained KN scattering amplitude. We obtain the KN scattering
amplitude using chiral perturbation theory and the experimental data of the K*N elastic scatterings. We propose the
low-energy experiments of KN scattering in order to obtain the KN scattering amplitude more precisely and discuss
the chiral condensate.

As well as the pion-nucleus interaction from the pionic atoms, the K™ -nucleus interaction from kaonic atoms may
be a phenomenological tool to prove the partial restoration of the chiral symmetry. A pionic atom is well-understood
by theoretical and experimental studies. The fundamental ™ - nucleon interaction is repulsive, and then the potential
between Tt and a nucleus is also worked repulsively. Therefore the energy shift is seen repulsively in the pionic
atoms. On the other hand, the K™ -nucleus interaction is not as precisely understood as the pion-nucleus interaction at
present. The energy shift in the kaonic atom is repulsive as well as that in the pionic atom, while the interaction
between K~ and a nucleon is attractive, and the K™ -nucleus potential is also attractive. We study the global feature of
the K™ -nucleus interaction in terms of the mechanism of the repulsive energy shifts by the strong interaction in
kaonic atoms. Naively, the effect of the level repulsion to the kaonic atom by the kaonic nuclei coupled to the atomic
state yields the repulsive energy shift, however, in our study we find that the level repulsion by the nuclear bound
states is not responsible for the repulsive shift and reconfirm that the imaginary part of the optical potential plays a
significant role for the repulsive shift in the kaonic atom.

Through these phenomenological studies with the kaon, we conclude that a phenomenological approach to flavor
symmetry and its breaking is an effective way.
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