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Abstract

We theoretically consider nonlinear optical responses of graphene at the single particle approximation. The
nonlinear conductivities are obtained by solving the semiconductor Bloch equation, with describing scattering
effects phenomenologically in a relaxation time approximation. The obtained conductivities can be applied to
various nonlinear phenomena, including harmonic generations, Kerr effects and two photon absorption, two-color
coherent control, parametric frequency conversion, and dc-current/field induced second order optical
nonlinearities. Starting from the analytic expressions, we further summarize a class of divergences appearing in
the third order conductivities, which are induced by intraband motion. It provides a possible method for obtaining
huge nonlinearities.

To calculate the nonlinear signal radiation from the layered structures, which is used in many experimental
setups, we apply a Green function technique to extend the usual transfer matrix method to include the nonlinear
radiations. A key equation is obtained to connect the electromagnetic fields around the graphene sheet and the
incident fields.
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