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Abstract:

To clarify the origin of a Fermi edge and the steplike side structure, observed in the photoemission spectra (PES) of the boron-doped diamond experimently , we apply quantum Monte Carlo method to calculate the PES, using Holstein model and simple cubic lattice structure. We find that, due to the electron-phonon coupling and the increase of the dopant concentration, the impurity band extends up to the top of valence band, and fills the gap gradually. The emergence of a clear Fermi edge is theoretically demonstrated, indicating the strong itineracy of electrons from one impurity atom to another through those intermediate carbon atoms. Simultaneously, the multiphonon satellite structure is also simulated in the doped site PES, denoting the localization of electrons through the coupling with Einstein phonons. Although we have used a simpler lattice structure instead of the real diamond, our exploration of the coexistence of the two intrinsic properties of electrons: itineracy and localization, well interprets the experimental findings.
