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Abstract: We present a theoretical proposal for a two-dimensional PT-symmetric topological
insulator (TI) that supports two cormter-propagating topologically protected bormdary states
and discuss ongoing experiments to confinn the theoretical predictions.© 2021 The Author(s)
OCIS code: 230.7370 

Topological states of matter have been the focus of modem research for the past two decades due to their high
degree of robustness and insensitivity against perturbations. These ongoing efforts have led to multiple
breakthroughs on a variety of fields such as Chem insulators [1 ], Anderson topological insulators or topological
quantum physics, as well as Floquet Tis [2-4]. In 1998, Bender and Boettcher [5] showed that not only Hennitian
but indeed also Parity-Time (PT) symmetric systems can exhibit real-valued eigenspectra. Since then, photonic
systems turned out to be a particularly fruitful experimental platform to realise the complex potential landscapes
associated with PT symmetry [6]. Yet, the interplay between topology and Non-Henniticity is still not fully
rmderstood and remains a largely rmexplored area of inquiry.

We propose a two-dimensional photonic waveguide model that combines these aspects to obtain propagating
PT symmetric bormdary states that are topologically protected and therefore robust against any bandgap­
preserving perturbations. Our approach is based on a bipartite lattice of directional couplers reminiscent of the
Floquet TI presented by Maczewsky et al. [4], and likewise supports two cormter-propagating bormdary states.
Non-Henniticity is then introduced by adding balanced amormts of on-site gain and loss to the sublattices in an
alternating fashion (Fig l a) [7]. The light dynamics in the system are governed by the tight-binding Schrodinger
equation

i :z 'Pm(z) = iym(z)'Pm(z) + L Cz,m(z) 'P1(z)
IE(m} 

where in the last term we sum over nearest neighbours of site m. The on-site potentials iym(z) and the couplings
c1,m(z) are piecewise constant for z = [ (n -1) �, n�) with n = 1, ... ,6 and periodic with period T. Importantly,
each lattice site couples to at most one nearest neighbour, and only non-crossing couplings occur at any given step
along z (see Fig. 1 a). The system hence consists of six distinct steps, each of which can be described by a single­
step Hamiltonian Hj. The full dynamics of the PT TI is given by the Floquet operator

comprised of the six single-step Floquet operators U
j 

= e-iHiT16
. The system is therefore invariant rmder a k­

dependent PT symmetry transformation. Importantly, the quasi-energy spectrum E composed of the eigenvalues
e-iET of U (T) turns out to be real valued regardless of the magnitude of the gain/loss contrast in the lattice. Since
the alternating gain/loss distribution also does not affect the topology of the rmderlying Hennitian lattice, the
system exhibits topologically protected PT symmetric bormdary states.

To experimentally confirm the predicted properties of this arrangement, we employ the femtosecond laser
direct writing technique to inscribe photonic lattices with the appropriate coupling geometry into fused silica
samples. Notably, no actual gain is required, as the same physics can be observed in a functionally equivalent
passive system comprised of waveguides with different amounts of loss. In the laser-written system, precisely
tailored amormts of losses can be implemented by introducing an appropriate density of microscopic scattering
dots [8], written at a larger laser power, in the relevant sections of the individual waveguides. Exciting the
bormdary states on opposite sides of the lattice then allows for the resulting intensity distributions to be observed
at the output facet of the sample. The results of these ongoing experiments will be presented as well.

In summary, we proposed a two-dimensional PT-symmetric Floquet model that supports two cormter­
propagating topological bormdary states. We discussed the experimental realisation using femtosecond laser­
written photonic waveguides and a passive version of the described protocol.
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