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Since the first fabrication of graphene by Geim and Noveselov [1], honored with a Nobel Price in 2010, the run for
this intrinsic two-dimensional (2D) material is far from coming to a rest. Electrons near the K point of the conduction–
and valence band behave like massless Dirac fermions, ensuring extraordinary conductivity and promising cost-effective
applications via graphene plasmonics [2]. With conventional 2D systems, e.g. semiconductor heterostructures, graphene
shares a square-root plasmon dispersion for small wave vectors, so that studying this collective mode in thin systems with
light is a challenge. Fei et al. [3] overcame this difficulty by measuring the reflectivity of a graphene sheet on SiO2 using
optical scanning near field microscopy (SNOM), and succeeded in exciting and detecting plasmons in the graphene. For
damped collective modes the definition of their dispersion is quite ambiguous and depends on the experimental setup.
They are all based on the complex dielectric function ε(q,ω)= εI(q,ω)+ iεII(q,ω) (with energy- and momentum-transfer
h̄ω and h̄q, respectively), and, though closely related, are equivalent only in damping-free regions [4]. Here, we compare
the plasmon dispersion in graphene obtained from the following conventions:

(a) the loss function, −Imε−1(q,ω), proportional to the scattering cross section, being maximal at ω
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(b) the complex ε(q,ω) vanishing for complex ω0 with ω
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pl (q)≡ ℜeω0(q), determining reflection coefficients

(c) the frequent approximation of the latter as the zero of ℜeε(q,ω) at ω
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Fig. 1. (left:) SNOM setup [3] (top) with the graphene sheet on a SiO2 bulk substrate. An AFM tip illuminated with
infrared light induces longitudinal excitations in the sheet. Compared to a typical scattering experiment (bottom), the
perpendicular wave vector in SNOM is very small. (right:) Calculated RPA loss function of graphene on SiO2. The lines
give the collective modes for the three different definitions. On the bottom, the damping of the plasmon is shown. Here,
kF denotes the the largest ground-state wave vector and εF the corresponding energy.

After a brief introduction to the theory of sheet reflectivity, we present calculations of the dielectric function as
well as the sheet reflectivity of graphene on a bulk sybstrate. Here, we use linear response theory and the random phase
approximation (RPA) [3, 5]. The loss function obtained this way, togehter with the prospective collective modes ω
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are shown in Fig.1 (right). We discuss the discrepancies resulting from the different definitions of the plasmon and
compare them to the available experimental results. To better include correlation effects for large q, advanced techniques
have to be used [6]. In future work, we plan to include spin-orbit coupling into the theory. This will also cover more
complex materials like MoS2, a promising candidate for valleytronics.
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