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A consistent description of spins of electrons is due to Dirac by the discovery of the rel-
ativistic extension of the Schrödinger equation, the Dirac equation. However, any condensed
matter phenomena and nano-world technology are well described by its non-relativistic limit as
the Schrödinger equation with the Zeeman coupling and supplementary spin-orbit coupling, that
is the next order relativistic correction, since the energy scale of condensed matter phenomena is
too much different from a rest mass energy of electrons, mc2 (m is the electron mass and c is
the light velocity). In this sense, the Dirac equation, as it is, has nothing related to the condensed
matter physics.
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Figure 1: (A):An energy dispersion of
two dimensional narrow gap semiconduc-
tor and (B) that of zero gap semiconductor
such as graphene. (schematic)

On the other hand, modern semiconductor physics
and technology are based on an effective description
of energy bands as the effective mass approximation
where an inverse of the curvature of the energy dis-
persion is approximately given by the effective mass.
This description is quite successful to develop a modern
semiconductor technology and understand most of con-
densed matter phenomena. Apparently as for the nar-
row gap semiconductor, such as graphene and HgTe (a
typical topological insulator near the quantum critical
point), one needs to discuss the conduction band and
the valence band at the same time, especially, when in-
ter band phenomena play an important role. Then the
basic starting point of a quantum description is given
by a (2 × 2) matrix valued hamiltonian, which is a kind
of minumum model for the narrow band semiconductor.

This is the two component version of the Dirac equation where the mass meff is determined by the
energy gap EG and the effective light velocity ceff by the energy dispersion. In some materials,
the energy gap can be zero (or quite small) as graphene, meff → 0, then the effective relativistic
particles obeying the massless Dirac equation are happened to be realized in condensed matter
phenomena. In the case of graphene, the effective light velocity, ceff , that is nothing but the slope
of the energy dispersion near the gap closing momentum, is substantially small compared with the
real light velocity c. This is the emergent Dirac fermion in graphene where a strange and possibly
novel wonderland is realized, that may have potential advantage for nano-world applications.

We will start introduction of our recent study of Dirac fermions in graphene especially focus-
ing on the stability massless Dirac dispersion1 and boundary physics as appearance of localized
states2 near the system boundaries, which are crucially related to the chiral symmetry and topolog-
ical nature of the Dirac fermions. This edge state physics may have some advantage in technology
application due to its topological stability. Also one of the current important topic of graphene
physics as electron-electron interaction is discussed based on our chiral condensed scenario.
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