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In the thesis, we study non-perturbative phenomena in elementary particle physics. We
treat following subjects: the dynamical chiral symmetry breaking (DxSB) in Nambu—
Jona-Lasinio (NJL) model at finite temperature and density; suggesting a new model as an
extension based on classically scale invariance of the standard model and its implications;
the analysis of Higgs—Yukawa model non-minimally coupled to the asymptotic safe gravity.

The NJL model is used to describe the DxSB in QCD. We derive the renormalization
group (RG) equation for the effective potential of the NJL model at finite temperature
and density. When the DxSB occurs, the RG equation becomes singular due to the phase
transition with the physical divergence. To overcome it, we introduce the weak solution
method to the equation, and mathematically define the solution with the divergence. The
chiral phase diagram of the NJL model is shown.

To explain the origin of the electroweak symmetry breaking scale, we suggest a new
model based on the classical scale invariance. We introduce a new scalar field coupled to
the non-Abelian gauge field in hidden sector. Due to the strong dynamics in the hidden
sector, the scalar field condensates as a bilinear form, and the dynamical scale symmetry
breaking occurs. Its effect propagates to the standard model sector through the Higgs
portal coupling, and the electroweak symmetry breaking is triggered. We formulate an
effective model of the dynamics in the hidden sector and analyze it using the mean-field
approximation. We show that the excitation field from the vacuum can be a dark matter
candidate. We discuss the possibility of electroweak first order phase transition at finite
temperature.

The Higgs—Yukawa model non-minimally coupled to the asymptotically safe gravity is
analyzed using non-perturbative renormalization group. We derive the renormalization
group equations for the model and investigate the structure of the fixed point. We find
that there exists a Gaussian matter fixed point, and the ultraviolet critical surface around
it is spanned by the Planck mass and the cosmological constant. Its implications for the
low energy physics are discussed.
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