
“How is matter built from quarks?” is a fundamental question in the evolution of matter in the
universe. Just after the Big Bang, when the universe was still at a high temperature, quarks were
free from each other. As the universe cooled, quarks were bound to each other, forming hadrons.
Hadrons are classified into mesons and baryons. A baryon comprises 3 quarks. Protons and
neutrons (nucleons, hereafter) are stable baryons. A set of nucleons bound by the nuclear force
have formed atomic nuclei. Atomic nuclei binding electrons have formed atoms, which have
made various materials existing around us. We find that the baryons are the first complex
systems made up of elementary particles. After all, we reach a question “how quarks build
baryons” starting from the question asked at the beginning. The “strong force (strong interaction)”
acts on quarks. The strong force is really strong and its behavior is complicated as the nature of
vacuum changes. As a result, baryon masses are generated and quarks are confined in a
baryon. Since a single quark cannot be extracted from a baryon, we could obtain information on
the quark motion in a baryon through investigating nature of excited baryons such as their
masses, production rates, and decay properties. Revealing the nature of the strong interaction to
form baryons, we could understand the nature of matter in extreme conditions formed by the
strong interaction, such as highly-dense baryonic matter in neutron star cores in which the
density is far beyond that of nuclei or ultra-high-density quark matter where quarks are free from
baryons.
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