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1. Introduction

Recent years have seen an explosion of interest in so-called
moiré materials [1–5]. These are materials in which two
dimensional crystals are stacked in such a way that their
lattices interfere to form moiré patterns. In the earliest works
related to such a material—twisted bilayer graphene (TBG)—
the moiré patterns appear due to a relative twist between two
graphene layers and have been found to lead to flat bands near
a ‘magic angle’ [6–8]. It was speculated that this could lead to
various strongly correlated phases, because flat bands imply
tiny kinetic energy making any weak electron-electron inter-
action energy dominant [9–17].

In 2018 interaction driven phases in flat band systems
were experimentally confirmed when superconductivity and
insulating phases in TBG were reported [18]. Since then there
have been theoretical predictions and experimental discoveries
of a plethora of different strongly correlated phases [18–32].
These phases can range from various magnetic states [29–32]
to superconducting states [29, 30]. This discovery naturally
leads to the question of which related materials may harbor
similarly exciting properties.

One such material class that has recently risen to popular-
ity is bilayer or few layer transition metal dichalcogenides
(TMDs) with a relative twist between layers [33–42]. Similar
to TBG, theory has predicted [36–38, 40, 41] and experiment
has confirmed [42, 43] there exists a zoo of strongly correl-
ated phases. Analogously to TBG, these phases can be tuned
via the twist angle. Compared to TBG, the twisted TMD sys-
tems offer the addition degree of freedom of material choice
used to build the moiré heterostructure which can be used to
tune different phases of matter. Recently, it was shown the-
oretically that TMD heterobilayers possess very rich phase
diagrams that include a multitude of different magnetically
ordered phases [36].

While TMDheterostructuresmight seemmore complicated
than graphene based multilayer materials (each TMD layer
corresponds to three atomic layers), effective descriptions for
TMD heterostructures can be significantly simpler than TBG
because the former allow for an effective single band descrip-
tion that mimics a two-dimensional non-relativistic single
particle Schrödinger equation with a periodic potential origin-
ating in the moiré patterns [36–38, 44]. This is in stark con-
trast to the case of graphene based moiré materials such as
TBG, where one needs a four component Hamiltonian similar
to a massless Dirac equation to describe layer and sublattice
pseudo-spin degrees of freedom. It is worth mentioning, how-
ever, that recently, the dimensionality of the TBGHamiltonian
for a chiral limit has been reduced to a 2 × 2 Hamiltonian in
an approach where the Hamiltonian is squared [45, 46]. Never-
theless, for TBG amapping from position dependent interlayer
hoppings to an effective potential and a single band description
is problematic. In fact, such amapping has only beenmade rig-
orously for a closely related effective one-dimensional case,
where moiré patterns are due to a stretch of one of the layers
[47–49]. Even in this case, the argument only applies semi-
classically. It is the simplicity of effective Hamiltonians for the

TMD heterobilayers that motivates us to focus on the engin-
eering of phase transitions for this class of materials, rather
than TBG.

The TMD heterobilayer platform can be made even more
manipulable by combining it with Floquet engineering which
has been touted as a very powerful technique to modify the
properties of quantum systems with light. In this technique,
periodic drives are used to induce different material proper-
ties in a so-called prethermal phase that bears resemblance to
an equilibrium phase. Recent years have witnessed incredible
progress both on the theoretical as well as the experimental
side of Floquet engineering. Specifically, on the theoretical
side, there has been progress on estimating how long (given
certain assumptions to driving strengths and frequencies) one
can remain in the prethermal regime, which is often exponen-
tially long [50, 51].

There has been tremendous progress in the develop-
ment of techniques that facilitate effective time-independent
descriptions using so-called effective Floquet Hamiltonians
[50, 52–77]. Importantly, there has also been progress in our
understanding of how to prepare prethermal Floquet phases
[78–80]. For instance, it is now better understood what prop-
erties a bath has to fulfill for a system to relax into a so-
called Floquet-Gibbs state [78, 79, 81], which can tell us much
about how to prepare the ground state of a Floquet Hamilto-
nian. In addition to the work on the theoretical foundations of
Floquet engineering, there have been predictions of a multi-
tude of exciting light induced properties and phases of matter
[82–135] (see [136, 137] for a recent review article). Recently,
Floquet engineering is gaining popularity inmoiré materials—
albeit in the non-interacting limit [134–148].

In this work, we make a first step towards Floquet engineer-
ing of different phases of matter in interactingmoirématerials.
To maximize the accessibility of our results, we will focus on
a simplified approach using a model description of a twisted
TMD heterobilayer. This will allow us to focus on the uni-
versal features expected in experiment. A schematic depiction
of the experimental scenario we envision can be seen in the
figure 1.

Our paper is organized as follows. First, in section 2 we
give a brief review of the effective Hamiltonian used to model
TMD heterobilayers. Then, in section 3 we briefly describe the
techniques used to derive interaction terms for an effective lat-
tice model and discuss how a specific form of light, waveguide
light possessing a longitudinal polarization, can be used to tar-
get specific parameters of the non-interacting limit. Similarly,
we show that circularly polarized light can be employed to tune
the effective mass of the active TMD layer, which also appears
in the non-interacting limit. A central result of our work is
that by tuning the properties and type of incident light one can
reach a multitude of vastly different magnetic phases of matter
in a twisted TMD without the need to change the specifics of
the sample, such as the twist angle or constituent TMDs. One
achieves dramatic control over the phase diagram. Finally, in
section 4 we finish with a discussion on how specifics of the
environment determine how ‘Floquet ground state’ phases can
be prepared in practice. We conclude in section 5.
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