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“Light-Field Control of Current in Graphene”
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Abstract

When electrons in crystalline solids are placed under an external electric field comparable to the internal
field, they exhibit their quantum mechanical wave nature such as Zener tunneling. The electric field of
few-cycle laser pulses can reach such a field strength, and is employed to seek for strong-field phenomena in
solids [1]. So far the main experimental targets are optically transparent materials with wide band gaps to
avoid (multi-)photon absorption. Here we experimentally show that a characteristic strong-field interaction is
found even in a gapless system: a monolayer graphene. Photocurrent in graphene shows a clear dependence
of the carrier-envelope phase (CEP) of the laser pulses, which is evidence of the contribution of the optical
field-driven dynamics of electrons. A comparison with theory reveals that the interference of electron wave
functions distributed via inter-band tunnelling and intra-band motion determines the direction and amplitude
of the current. These results drastically broaden the scope of light-field control of electrons in solids that is
essential to achieve light-field electronics.
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