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Modeling of electromagnetic wave propagation in
semimetals
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Abstract: We describe a Finite Element Method formulation for the analysis of
arbitrary layers of semimetal deposited on a substrate. The magneto-electric
coupling has been introduced by axion electromagnetics. Numerical results
indicate in some cases non reciprocal propagation in the form of anisotropic
plasmons.

Weyl and Dirac semimetals may be considered a new frontier of non-trivial topological
materials [1]. Their unconventional electromagnetic properties may open the way to
applications in mm-wave, sub-THz and optics, such as new types of isolators and
circulators, but also in thermal engineering (non-reciprocal thermal emission) [1-3].

The purpose of this paper is to set up a numerical modeling of electromagnetic
propagation in semimetals. In some cases, the problem has been studied quite
extensively in the past (e.g. graphene, a 2D Dirac semimetal), but in other cases there is
basically no data available in the literature, whose focus is on the band structure and the
corresponding physical properties.
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Fig.1 | The cross-sections of the structures analyzed.

However, an accurate modeling of wave propagation can be important in practical
applications, especially in the sub-THz and THz frequency range. It should be noted that
the specific form of magneto-electric coupling does not allow the use of commercial
software and even by introducing some simplifications, the numerical performance of
currently available commercial software was observed to lack of robustness.
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Fig. 2. A mode propagating in the semimetal

For these reasons we have developed a custom numerical modeling of propagation in
general semimetals based on the Finite Element Method (FEM). We discuss in this work
the application to Weyl semimetals. The equation of propagation is derived in the frame
of axion Maxwell’s equations, obtained from a modified Lagrangian that includes the
axion term [4]. The final result, after some manipulations, can be written as:
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The second term in the right-hand member of the second equation represents the chiral
magnetic effect, whereas the last term represents the contribution of anomalous Hall
current.

The discretization of the corresponding weak form is straightforward and it leads to a
sparse non-symmetrical matrix equation that is solved by standard routines. The
structures analyzed are shown in Fig. 1. An example of anisotropic plasmons in shown
in Fig. 2. A more detailed discussion on the various modes is presented at the meeting.
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