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We calculate the quantities in finite temperature Quantum Chromodynamics
(QCD), which is the fundamental theory of strong interactions, using lattice gauge theory from first
principles. This calculation answers not only academic question on the properties of particles in
extreme states but also provides fundamental data from a theoretical perspective for studying the
early universe evolution, dynamics of heavy-ion collisions, and the abundance of axion dark matter.
In conventional methods, a tremendous amount of computational resources is required to determine the
variation of lattice parameters under the change of the lattice spacing (the so-called beta
function) . We circumvent this difficulty by employing the gradient flow to construct the physical
guantities (SFtX method). The initial numerical calculations are almost completed, and only the
inal analyses remain.
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