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Motive: Graphene related systems



Motive: Few-layered graphene

Mechanical exfoliation of highly oriented pyrolytic graphite Science 306, 666 (2004)
Epitaxial growth on silicon carbide                             Science 312, 1191 (2006) 



Low-energy states at B0=0:
monolayer & bilayer Bernal graphene

Science 313, 951 (2007)



Landau level quantization
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Experimental observation of Landau levels in graphene

Quantum Hall conductivity;  
Scanning tunneling spectroscopy
Magnetooptical transmission 
(excitations between Landau levels)

Nature 438, 197 (2005)

Nat. Phys. 3, 623 (2007) PRL 97, 266405 (2006)



Tight-binding model  Phys. Rev. 109, 272 (1958)
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Peierls tight-binding model

Phys. Rev. 84, 814 (1951)
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Monolayer: Landau-level energies



Monolayer: Landau-level energies & density of states



Bilayer Bernal graphene:
Landau level at 40 T

Subband asymmetry

Each fourfold degenerate



Bilayer Bernal graphene:
energy and wave function 

of Landau level at 40 T



Bilayer Bernal graphene:
energy and wave function 

of Landau level at 40 T

1st group-Landau levels
(by B atoms)

2nd group-Landau levels
(by A atoms)



Bilayer: Landau-level energies 



Bilayer: Landau-level energies &    density of states     
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Optical absorption spectra: gradient approximation

EF



Optical absorption spectra



Optical absorption spectra



Optical absorption spectra



Optical absorption spectra

Selection rules



B-dependent 
absorption 
frequencies



B-dependent 
absorption 
frequencies



Summary…

Interlayer interactions alter Landau energies and Landau 
wave functions, break the symmetry of valence and 
conduction states, and most importantly, bring about 
the second group of Landau levels. 

Optical excitations between the two groups of Landau
levels lead to four kinds of absorption peaks.
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