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Introduction

Graphene
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Honeycomb lattice Electronic dispersion

e Dirac Hamiltonian ’Hg(q) = ¢(hwp(T, ® q - o)

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



The a-Ts model
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Ts lattice Electronic dispersion

0  fk) 0

PY Hamiltonian H(k) — f*(k) 0 af(k) The parameter a provides

. a continuous transition
0 af (k) 0 between honeycomb and

O S o Sl Ts lattice.

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



Kekule-distorted graphene
Kek-O (v=0) Dlspersmn relatlon Kek-Y (v=%1)
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e Bond density-wave: t,,/t =1 + Re{A¢!PE++eK-)-dn+iGr=i2(p+q)r/3)
e Low-energy Hamiltonian
_ (VFpO - D AQV _ 3t0’07 v =10
H(p) = ( A*Ql  wvpo -p) @ { vp(vpy — ipy)oo, v = =£1

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




Experimental evidence to KD graphene
Kek-Y Kek-O
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Gutiérrez, C., et al. (2016). Nat. Phy., 12(10), 950-958. Bao, C., et al. (2021). Phy. Rev. Lett., 126(20), 206804.



Kekulé-modulated a-Ts model

Crystal structure
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Tight-binding model

Real-space formulation

e Tight-binding Hamiltonian

3 3
H = —t >: >: blar—dn — >: >: t’r‘,nblc’r‘—kdn + H.c

r n=1 r n=1

e Hopping of B-C bonds
tr,n — t[l + QRe(ei(l)K++qK_).671{+Z‘G.r)]7 p,q < ZS

g — pmod 3 = —2



Transformation to momentum space

e Hamiltonian in momentum space
0 Fk) 0
] f
H=-v, F(k) 0 af(k) | U
0 a&k) O

Wy = (ak, ak—G, Wk+G, bk, Ok—Gs bk +Gs Chy Ch—G Ch1-G)

fo 0 O Jo  Afo A%fo
Fk)=10 f41 0], Ek)=|A"f1 [f1 Afa
0 0 f Afi A1 fi

A — ei27r(p+q)/3

’ fn — f(k —- nG) f(k) _ tzez‘k.&n

n=1



Low-energy Hamiltonian

e Hamiltonian (¢ <1)

( 0 F(k) 0 )
H=-%|Fik) 0 a&k)]| ¥,

0 aff(k) O

Fo= (Tt 1) ew= (L ).

\Ilkt — (ak—G7 Ark+G bk—G7 bk-i—Ga Ck—QG, CkH—G)

e Low-energy approach (¢<1)

3t

f+1 = hp(Fkz + kyi), vF = 53



Diagonalization of Hamiltonian

e Dispersion relation
Eg=0, Ey:=2vpp,  Ep:=ZvppV/1+4a?
p = hlk|

e Eigenfunctions
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Energy (eV)
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Thank you!

e |uis-sanchez@uadec.edu.mx
e ramoncarrillo@uabc.edu.mx



