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Abstract. We investigate three-dimensional few-cycle optical pulse
propagation in germanene. We obtain an effective equation for description
of the multidimensional pulses dynamics with damping and amplification.
We study the effects which are observed with the change in the initial pulse
shape at the entrance to the sample.

In recent years, the graphene-like structures generated increased interest from researchers
because of the unique properties valuable in many practical applications. Such materials
include, for example, germanene. It is a single layer structure constructed of germanium
atoms, which are located at the sites of the hexagonal lattice [1]. This material was predicted
by scientists in 2009, and only in 2014 it was synthesized. The main distinguishing feature
of germanene from other graphene-like materials is a strong spin-orbit interaction, which is
three orders of magnitude greater than the spin-orbit interaction in graphene. Therefore, it
leads to a significant impact on the few-cycle pulse propagation in this medium.
Let us write the dispersion law for germenene [2]:
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where σ is the electron spin, ν is the velocity of Dirac electrons, k=(kx, ky) is the quasimomentum of the electrons, ΔSO is the spin-orbit interaction, Δz is the potential on the one
site, Δz=Ezd, d is the distance between the sublattice planes, σi, τi are the Pauli matrices [3].
Using similar arguments as in [4], we can write the equation for the pulse propagation in
cylindrical coordinate system as follows:
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here the current density j is calculated using the electron spectrum (1), A is the vectorpotential, parameter Γ describes the pumping of the electric field and, consequently, its
amplification, c=1 is the light velocity. Here, the relaxation of electrons with time trel is
phenomenologically taken into account, which leads to a decay of the current.
Equation (2) was solved numerically using classical numerical scheme. The initial
condition in the three-dimensional case was chosen as a very short pulse, consisting of one,
and two oscillations (n=1 and 2 respectively). The evolution of the electromagnetic field upon
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its spreading over a sample is shown in Fig. 1. The dependence of the pulse shape on the
different initial velocity is presented in Fig. 2.

Fig. 1. The electric field at different instances of time at the r=0, n=1.

Fig. 2. The electric field at various values of pulse velocity: a) n=1; b) n=2.
A three-dimensional few-cycle optical pulse propagates with a damped amplitude and
with the shape conservation, which is due to the balance of losses of its energy and the energy
scattering caused by dissipation. The velocity of the pulse at the entrance to the sample has a
strong effect on its evolution.
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