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ABSTRACT

This thesis is dedicated to investigating the polarization-controlled optical re-
sponse of twisted bilayer graphene (tBLG) subject to one and two-photon ab-
sorption by explicitly involving the contribution of optical matrix elements. For
the case of single-photon absorption, we find distinct peaks in its absorption
coefficient a1 as a function of the incident excitation energy, corresponding to
the van Hove singularities of tBLG. These peaks shift to higher energies as the
rotation between the graphene layers is increased, even reaching the visible
spectrum for higher twist angles. Upon doping tBLG, the absorption response
remains essentially unchanged, but the major absorption peak shifts to a lower
excitation energy. At small twist angles, such as 6 ~ 1.8°, the magnitude of
the resonant peak for a; is approximately twice that of bilayer graphene (BLG),
a response attributed to the enhanced density of states (DOS) in the twisted
structure. Conversely, as the twist angle increases, the magnitude of the resonant
peak diminishes, approaching that of two decoupled single-layer graphene (SLG)

sheets.

When subjected to two photons, the absorption coefficient a, for tBLG at low
twist angles demonstrates an enhancement of about one order of magnitude
compared to SLG at energies corresponding to the resonant peak, along with a
modest increase relative to BLG. As the twist angle decreases from 8° to 2.5°, the

resonant peak intensifies by three orders of magnitude. Notably, the resonant

features of w;—; » shift from the infrared to the visible spectrum as 6 increases.

Doping tBLG results in minimal changes to the overall behavior of a; and a»
versus E;, with a slight red-shift in their resonant peaks. Additionally, we explore
various polarization configurations for two-photon absorption and identify the

conditions under which a, becomes extremal.
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Additionally, we study the response of emitted photons through polarization-
controlled Rayleigh scattering in tBLG. Our calculations show that the dominant
wave vectors for the Rayleigh scattering process emanate from various regions of
the Moiré Brillouin zone (mBZ). This is in contrast to single-layer graphene (SLG)
and AB-stacked bilayer graphene (AB-BLG), where these wave vectors always
originate from the area encircling the K point for optical laser energies and below.
Compared to SLG, the integrated Rayleigh intensity strongly enhances for small
twist angles (e.g., at a twist angle 6 = 1.2°, the integrated Rayleigh intensity at
laser energy E; = 2 eV enhances by a factor of approximately 100 for the case
of parallel polarization). While for the case of cross-polarization, it exhibits a
markedly complex behavior suggestive of strong interference effects mediated

by the optical matrix elements. We find that at small twist angles, e.g., 8§ = 1.05°,

integrated Rayleigh intensity for parallel polarization
integrated Rayleigh intensity for cross-polarization

the ratio Ry =

is strongly enhanced by
approximately 1300 times vis a vis SLG or AB-BLG. Measured as a function of the
incoming laser energy E;, R4 exhibits a continuous evolution with the variation
in twist angle. This gives a distinct fingerprint of the predominant angle of
misorientation or twist of the sample under study, which would be intriguing to

confirm through experimentation.
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