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The dielectric function method (DFM), which uses a non-adiabatic approach to calculate
the critical temperatures for superconductivity, has been quite succesful in describing
superconductors at low carrier densities. We investigate the application of DFM to the
linear dispersion of a monolayer of graphene. We derive the DFM gap equation for a
Dirac cone and calculate the critical temperature as a function of carrier density. This is
done using an interaction potential that uses the Random Phase Approximation dielectric
function and thus allows for plasmonic interactions.

Introduction
The two-dimensional honeycomb structure of a single layer of graphene has raised sub-
stantial interest since its experimental realisation [1]. Several unusual electronic proper-
ties are supported by the symmetry of graphene’s two-dimensional electron gas [2, 3]. For
undoped graphene, Kopnin and Sonin [4] demonstrated Cooper pairing is be possible for
finite carrier doping. The work of Uchoa and Neto [5] shows plasmon mediated Cooper
pairing is favorable at low doping. To treat the regime of low carrier doping, we use the
Dielectric Function Method (DFM) [6, 7]. DFM uses the dielectric function to describe
screening effects in the weak coupling regime. This way, a general form of the electron-
electron interaction can be used that is not limited to a small interaction window around
the Fermi level. This technique has already proven its worth in systems like SrTiO3 [8, 9]
and the 2DEG in the LaAlO3-SrTiO3 interface [10, 8].

Results
To calculate the critical temperature for a superconducting state, we derived the DFM
gap equation for graphene. In this treatment, we write the electron-electron interaction
potential in the Random phase Approximation, only including plasmon mediated pairing.
The dielectric constant κ is used as a parameter that demonstrates the influence of the
environment on the graphene layer. Figure 1 shows the critical temperature as a function
of carrier doping for a small range of dielectric constants. For low carrier doping, the crit-
ical temperature is greatly suppressed, due to the low density of states around the Dirac
point. Also, for a small change in dielectric constant, the critical temperature drops sig-
nificantly as the plasmon. Keeping in mind these critical temperatures are an upper limit
for the Berezinskii-Kosterlitz-Thouless mechanism of superconductivity in 2D materials,
it is clear why superconductivity in single layer graphene remains unpractical.
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Figure 1: The critical temperature Tc as a function of carrier density plotted for a small
range of dielectric constants κ.
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