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Graphene is a typical quantum material where quantum interference plays an import
ant role. Especially at the zero energy Landau level in a strong magnetic field, the chiral symmetry, whic
h is a characteristic feature of graphene, is fundamental. However most of the theories do not include man
ybody effects until now. Here in this project, we have constructed a theory of the chiral condensate which

is a manybody ground state of graphene with interaction. Then comparison of excitation gap with experimen
ts is performed consistently. It implies validities of our theory. Also we have clarified the role of rand
omness with chiral symmetry.

Also Faraday rotation experiments with theoretical consideration has been performed. Then optical quantu
m Hall effects of graphene is successfully observed and established.
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