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We use the quantum lattice Boltzmann (QLB) algorithm to simulate the behaviour of charge
carriers in graphene, including simulations of free wavepackets and the Klein paradox. Pro-
posed by Succi & Benzi [1,2], the QLB algorithm offers a discretisation of the Dirac equation
that is unitary, unconditionally stable, and free of the fermion doubling problem. It shares
many properties with the hydrodynamic lattice Boltzmann method (LBM) such as ease of
parallelisation, and ease of implementation on graphics processing units (GPUs). In recent
work we have demonstrated the ability of the QLB algorithm to capture solutions of the
full Dirac equation, rather than just its non-relativistic limit the Schrödinger equation, in
one, two, and three spatial dimensions [3,4]. We have also extended the algorithm to global
second order accuracy, and to vector as well as scalar potentials. As well as their usual role
to describe coupling to magnetic fields, vector potentials model the effects of strain in the
graphene lattice [6,7].
We first present simulations of tunnelling by massless charge carriers relevant to monolayer
graphene in two dimensions. This system is equivalent to one-dimensional tunnelling of par-
ticles with an effective mass given by the conserved component of the momentum transverse
to the potential barrier [5]. The simulation results, along with theoretical transmission co-
efficient values, are shown in Figure 1 below. We obtain an exact solution for wavepackets
using a superposition of analytical plane wave solutions, and show that our QLB solutions
converge with second order accuracy to this exact solution. We also simulate evolution of
free wave packets in two dimensions under different initializations of the relative phase of
the two wave function components [8], as shown in Figure 2, and wave packets undergoing
Klein tunnelling to observe the dependence of the transmission coefficient on the angle of
incidence. In future work, we will use the QLB to simulation charge carriers with non-zero
effective mass in graphene ribbons, and other modified forms graphene. In particular, band
gaps opened using strain engineering act as an apparent uniform magnetic field [6,7] while
ripples in the graphene lattice convert an applied uniform in-plane magnetic field into a spa-
tially varying out-of-plane field [9]. Both these effects may now be modeled with the QLB
algorithm [10].
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Figure 1: Simulated wave packet transmission as a function of angle of incidence in a one-dimensional
representation of Klein tunnelling. Compare with Figure 2 in [5]

Figure 2: Evolution of free wave packets from different sets of initial conditions (as in [8]).
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