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 While graphene is often simplified into a massless Dirac dispersion in the effective mass sense, 
one of the most fundamental features of graphene is the chiral symmetry that is inevitably 
accommodated by the actual honeycomb lattice. Once the chiral-symmetric and massless Dirac 
fermions are realized in two dimensions, which have usually doubled species in an analogue of 
the Nielsen-Ninomiya theorem in 4 dimensions, we can discuss various properties that are 
topologically stable [1]. Here we look into this from the following viewpoints. (i) In the 
graphene quantum Hall effect, if the randomness respects the chiral symmetry (as does the bond 
disorder, or effectively a random gauge field), the QHE step at n =0 Landau level is anomalously 
sharp, accompanied by a almost delta-function density of states [2]. We can further show that an 
inclusion of the uniform second-neighbor hopping, which may seem degrading, does preserve 
the anomalously sharp QHE, which may be traced back to the respected effective chiral 
symmetry [3]. The bond disordered is expected to be realized as ripples, an intrinsic source of 
disorder in suspended graphene [2,3] (left Fig.). (ii) Another powerful method to probe the 
graphene QHE is to examine the boundary physics, where the edge states directly reflect the 
bulk-edge correspondence through the topological nature of the chiral symmetric system [1,4,5]. 
(iii) As a different but related avenue, optical (ac)-Hall conductivity of graphene is shown to 
exhibit surprisingly robust plateau structures (right Fig.)[6], for which we can discuss an effect of 
chiral symmetry [7].  

 
Fig. Left: Density of states of graphene with spatially correlated random hopping to model ripples as schematically 
depicted in inset [2]. Right: Optical (ac-)Hall conductivity σxy(ω) for Dirac fermions [5]. 
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