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Introduction 

Graphene

● Novoselov, K. S., et al. (2005).  Nature, 438(7065), 197-200.
● Neto, A. C., et al. (2009). Rev.  Mod. Phy., 81(1), 109.

Honeycomb lattice Electronic dispersion

● Dirac Hamiltonian



The 𝛼-T₃ model

Raoux, A., et al.  (2014).  Phy. Rev. Lett., 112(2), 026402.

● Hamiltonian

T₃ lattice Electronic dispersion

The parameter 𝛼 provides 
a continuous transition 
between honeycomb and 
T₃ lattice.



● Chamon, C. (2000). Physical Review B, 62(4), 2806.
● Gamayun, O. V., et al. (2018). New Journal of Physics, 20(2), 023016.

Kekulé-distorted graphene
Kek-Y (𝜈=±1)Kek-O (𝜈=0)

● Low-energy Hamiltonian
● Bond density-wave:

Dispersion relation



Bao, C., et al. (2021). Phy. Rev. Lett., 126(20), 206804.

Experimental evidence to KD graphene
Kek-Y Kek-O

Gutiérrez, C., et al. (2016). Nat. Phy., 12(10), 950-958.



Kekulé-modulated 𝞪-T₃ model

Crystal structure

Unit cell 1BZ



● Tight-binding Hamiltonian

● Hopping of B-C bonds

Tight-binding model

Real-space formulation



● Hamiltonian in momentum space

Transformation to momentum space



Low-energy Hamiltonian

● Hamiltonian (𝛼≪1)

● Low-energy approach (𝛼≪1)



● Dispersion relation

● Eigenfunctions

Diagonalization of Hamiltonian



Dispersion relation for 
small 𝛼

Dispersion relation for 
large 𝛼
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