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Abstract

Angle resolved photoemission spectroscopy
(ARPES) is an extensively used tool to characterize
the electronic properties of materials, generally
interpreted as a direct probe to their electronic
band structure. This view is not strictly true as the
signal measured in ARPES is actually weighted by
matrix elements, which describe the photo-
induced electronic transition from a crystal bound
state to a nearly free photoemitted electron state.
These matrix elements can have a strong
momentum dependence, which affect the visibility
of different bands in ARPES. ARPES matrix
elements are known to play an important role in
cases where different bands are strongly coupled,
such as in graphene and graphite [1], and in
systems where there is a competition between
different periodicities [2]. Both these effects are
important in van der Waals (vdW) heterostructures
- which are formed by stacked layers of different
two-dimensional  materials, with  promising
applications in electronics and light detection [3].
The lattice mismatch and/or misalighment
between different layers naturally leads to a
competition between periodicities. Therefore, in
vdW structures ARPES cannot be interpreted as a
direct probe to the electronic band structure. |
present a general theory [4], based on tight-
binding Hamiltonians, to model ARPES in both
commensurate  and  incommensurate  vdW
heterostructures with arbitrary lattice
mismatch/misalignment. As an example, | apply
the general method to the case of twisted bilayer
graphene, obtaining the ARPES bands and ARPES
constant energy maps. The present theory should
be useful in correctly interpreting experimental
ARPES results of vdW structures and other system
displaying  competition  between  different
periodicities, such as density wave phases.
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Figure 1: Computed ARPES bands (thick blue lines, the thickness is
proportional to the visibility of the bands) and band structure (dotted
yellow lines) for bilayer graphene with a twist angle of 20°. The ARPES
bands mostly follow the bands of the decoupled layers (red dashed
lines). The horizontal lines represent the energies at which the constant
energy maps of Figure 2 are computed.
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Figure 2: Computed ARPES constant energy maps for bilayer graphene
with a twist angle of 20°. (a-c) ARPES maps in the absence of coupling
between the layers. (d-f) Reconstructed maps due to interlayer
coupling. The crescent shape of the constant energy surfaces is due to
the ARPES matrix elements.
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