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Dirac fermion in solids, whose representative realization is graphene, is recognized to host many
peculiar and intriguing phenomena. Here, we discuss emergence and annihilation of Dirac fermions
in a noninteracting fermionic model on Shastry-Sutherland lattice. We calculated electronic band
structure of a four-band tight-binding model of which transfer integrals are illustrated in Fig. 1. For
the symmetric case, i.e., for t+0 = t−0 (= t0) and tx = ty(= t1), two of the four bands touch with each
other at Γ-point in the Brillouin zone and at the Fermi energy (Fermi energy refers to the chemical
potential for the half-filled case here and hereafter.) as far as dimerization by t0 is not so strong,
namely t1 > 0.5t0 [1,2]. Both of two touching bands have two-dimensional parabolic dispersions.
Starting from this “parabolic–parabolic touching” phase, we introduce perturbations that break
symmetry of the underlying lattice, such as a bond order type perturbation (t+0 6= t−0 ) or a uniaxial
distortion type perturbation (tx 6= ty). We found that both of these perturbations give rise
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Figure 1: Schematic illustration of Shastry-
Sutherland lattice and transfer integrals. A
shaded region denotes a unit cell.

to Dirac fermions at the Fermi energy. When two kinds
of perturbations are applied separately, Dirac points (A
Dirac point is a center of linear dispersion of Dirac
fermion.) are located on high-symmetry lines in the
Brillouin zone. On the other hand, if both of the per-
turbations are applied simultaneously, the Dirac points
move to general points in the Brillouin zone, interest-
ingly. This implies highly controllable nature of the
Dirac fermion in this model, which suggests that this
model can be a useful ground for further studies. We
further discuss topologically stability of the Dirac cones
and edge states by the bulk-edge correspondence [3,4].
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