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Abstract: Lowest-order Raman processes, for instance the G band in graphene, correspond to the scattering with a zero-momentum phonon (q = 0). Graphene and graphitic materials present other lines, due to higher-order processes, which are usually interpreted in terms of the so-called double-resonance (DR) mechanism. The DR mechanism is used to interpret RamanD band and 2D band in graphene. We have developed a methodology, based on Density Functional theory, to simulate the DR processes in graphene[1].
Here we show that the Raman bands related to DR processes are a powerful tool to probe the structural, electronic and vibrational properties of graphitic materials. We will focus in three different systems: monolayer graphene, carbon nanotubes and twisted bilayer graphene.In monolayer graphene, the observed 2D line width contains valuable information on strain variations in graphene on length scales far below the laser spot size, that is, on the nanometer-scale[2], which is a good and easily accessible quantity for classifying the crystalline quality, nanometer-scale flatness as well as local electronic properties of graphene.Concerning carbon nanotubes, we have studied the D and 2D Raman bands of chirality enriched samples[3]. We show that each single-chirality nanotube exhibits a series of non-dispersive D and 2D Raman peaks, which are not necessarily enhanced by resonances with optical transitions between van Hove singularities. Our results provide a complete explanation of the DR Raman spectrum, including the D and 2D bands, at the specificity level of a single-chirality nanotube, and allow the correct interpretation of the DR spectra of carbon nanotubes in samples containing a distribution of different (n, m) nanotube species.Finally, for twisted bilayer graphene[4], we discuss the possibility of distinguishing intralayer and interlayer electron-phonon (el-ph) interactions and of probing the intralayer process in graphene/h-BN. In the intralayer process, the el-ph scattering occurs in a single graphene layer and the other layer (graphene or h-BN) imposes a periodic potential that back scatters the excited electron, whereas for the interlayer process the el-ph scattering occurs between states in the Dirac cones of adjacent graphene layers. Our methodology of using Raman spectroscopy to probe different types of el-ph interactions can be extended to study any kind of graphene-based heterostructure.
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