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Ribbons: some methods of fabrication
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Armchair ribbons
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 Long-range Coulomb
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Zigzag Ribbons TB + Hard Wall= Band-structure and

wave- functions.| *————
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What about Coulomb
Interactions?



With I-SO interaction and bosonization
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Even-Odd Feature:
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TB + Hard Wall BC = Wavefunctions finite system
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Could it be so important???

Near band center:
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Coupled chains:

N

HN = Z Hn + 1, H' 4= Coupling between chains
n=1

H, = | dx[tc (X)(Cs (X)+Cq (X —a))+ h.c)]

Right and Left moving operators: even and odd sites

H,,=-IV(R.GR, - L, JL,)



Introduce Majorana representation

H' = ih(§n§n+2 — En§n+2)+ im(§n§n+2 - En§n+2)

n=1



Hamiltonian: solved recursively
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Can the model be generalized?
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Band structure:

2
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Rashba interactions?
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Relation to Quantum Spin Chains:

N=2 ZGR < Anisotropic 2 coupled Spin 1/2 chains
H=t) S, S, +t,S,.S;.

N= 3 ZGR < Anisotropic biquadratic Spin 1 chain with in

plane B Tsvelik PRB (1990)

Shelton et al PRB (1996)
Advantages:

* Chemical potential €, &, (gap on chain)
« Second neighbor hopping = chemical potential
- Intrinsic spin-orbit (gap for even N) t'(£,&; + 5153)
« Staggered sublattice potential (gap for all N)
* Electron-electron interactions



Conclusions

® Zigzag ribbons: ‘peculiar’ edge states

® Mapping to coupled chains: metal or
Insulator as N changes

® Many lattices share similar properties

® Connections to Quantum Spin Chains.



The symmetries of graphene allow for:
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Wavefunction:
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