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Abstract 

In recent times, I have been involved in detailed investigations of plasmons (self-sustained charge 
density oscillations) in hybrid 2D layer on a conducting substrate in contrast with s free-standing 
mono or few-layer structure. The collective properties of these “open systems”’ have analyzed 
using techniques I helped to develop [G. Gumbs, A. Iurov, and N. J. M. Horing, Phys. Rev. B 91, 235416 
(2015)]. The 2D material could be graphene, buckled honeycomb lattices such as silicene and 
germanene, or a group IV dichalcogenide [A. Iurov, G. Gumbs, D. Huang, and L. Zhemchuzhna, Journal of 
Applied Physics 121, 084306 (2017)]. We have calculated numerically the plasmon excitation spectrum 
for arbitrary wave number and found that undamped plasmons could be extended to the higher-
energy regions, which has no counterpart for free-standing gapped graphene. Our obtained 
damping dependence on both spin and valley degrees of freedom is expected to facilitate 
measuring the open-system dielectric properties and the spin-orbit coupling strength of 
individual 2D materials [C. J. Tabert and E. J. Nicol, Phys. Rev. B 89, 195410 (2014)].  
  A back action from Dirac electrons in graphene on the hybridization of radiative and 
evanescent fields, which appears as a localized polarization field and significantly modifies an 
incident surface-plasmon- polariton (SPP) field, is found as an analogy to Newton’s third law. 
This results in a high sensitivity to local dielectric environments and provides a tool for detecting 
molecules or proteins selectively bounded with carbons [A. Iurov, D. Huang, G. Gumbs, W. Pan, and A. A. 
Maradudin, Phys. Rev. B 96, 081408(R) (2017)]. We have also derived algebraic, analytic expressions 
for the chemical potential without any restriction on temperature for all types of doped, or 
extrinsic, gapped Dirac cone materials [A. Iurov, G. Gumbs, D. Huang, and V. Silkin, Physical Review B 93, 
035404 (2016)].  We have established a reliable piecewise-linear model for the density-of-states of 
TMDC’s. It has been demonstrated that since the symmetry between the electron and hole states 
in MoS2 is broken, the chemical potential could cross the zero-energy level at sufficiently high 
temperature. 
 Light refreshments will be served. 


