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Electrons in graphene observed using ARPES
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4-dimensional representation of the

symmetry group of the honeycomb lattice
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Basis of 4x4 matrices: 16 generators of U,
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Basis of 4x4 matrices: 16 generators of U,
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Dirac term warping term t —> —t
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Dirac electron Iinteraction
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Absorption coefficient
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Graphene flakes are better visible in reflection
when the oxide layer in SiO,/Si wafer acts as a
‘clearing’ optical film if
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Infrared absorptions due to inter-LL transitions
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H =vE-(p—4,)

Absorption of a photon generates ‘valley-symmetric’ excitations (positive parity)
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Absorption of a phonon generates ‘valley-antisymmetric’ excitations (negative parity)
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Coupling of optical phonon with valley anti-symmetric electronic
excitations shifts the phonon energy.
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Coupling of modes in a magnetic field
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Coupling of optical phonon with
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Coupling of optical phonon with magneto-excitons in doped graphene
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Coupling of optical phonon with magneto-excitons in doped graphene
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Magneto-phonon resonance in the Raman spectrum
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Electronic excitations in the Raman spectrum:
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valley-symmetric e-h excitations generated by scattering of light
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valley-symmetric (positive parity),
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Signature of the electronic excitations in the Raman spectrum
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Infrared absorptions
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Interlayer asymmetry gap
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