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Abstract— We study discrete nonlinear edge excitations of polaritonic kagome lattice. We
show that when nontrivial topological phase of polaritons is realized, the kagome lattice permits
propagation of bright solitons formed from topological edge states.

1. INTRODUCTION

Mapping condensed matter electronic systems to photonic structures is powerful tool for simulation
of complex condensed matter phenomena since it allows to use well-controllable photonic systems
to study their far less controllable solid state counterparts [I]. It is therefore not surprising that
topological ideas have been widely explored in the domain of photonics since pioneer work of Raghu
and Haldane [2] who brought forward the ideas of photonic chiral edge states and Berry curvature
for the photonic bands. Propagation of topological edge modes was then studied in real photonic
crystals [3] and concepts of the photonic analogues of the Hall states [3, 4, [5] and topological
insulators [0} [7, [8, 9] were introduced. This allowed extensive theoretical and experimental study
of the effects of non-trivial topology in electromagnetic systems in the broad spectral range from
microwave to optical frequencies [10].

Despite this success, optical circuits miss one important property inherent to solid state: strong
inter-particle interactions. Exciton-polarions [I1], quasi-particles originating from strong coupling
of quantum well-excitons and cavity photons in semiconductor microcavities, can be exploited to
fill this gap. Due to their mixed light-matter nature, they can be both effectively controlled by
well developed methods of optical confinement (similar to those used in photonic lattices), and
demonstrate extremely strong nonlinear response (due to exciton-exciton interactions). Exciton-
polaritons thus offer a unique laboratory for study of non-trivial topological phases in presence
of interactions. The emergence of the non-trivial topology and the existence of the topologically
protected edge states in polaritonic lattices of different geometries has been shown theoretically
in a number of works [12, 13} 14} [15] 16} 17, 18]. Recently, the focus of attention in the study of
the effects of non-trivial topology has shifted towards systems with nonlinearity [19, 20} 21, 22|
16l 23, 24, 25, 26l 27, 29, B0], where exciton-polaritons, due to their unique properties, play a
special role. Among these works are studies of self-localized states [19] 20], self-induced topological
transitions [2I], topological Bogoliubov excitations [16], suppression of topological phases [22],
vortices in lattices [23], spin-Meissner states in ring resonators [24], solitons in lattices [25] 26,
27, 28], dimer chains [29], dark solitons in kagome lattice [31]. In the present work we present our
results for propagation of solitons formed from topological edge states of polaritonic kagome lattice.

2. RESULTS

The tight-binding Hamiltonian for polaritons confined inside an array of coupled microcavity pillars
forming kagome lattice reads [18]:
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at site ¢ of the lattice, the summation (ij) goes over nearest neighbors (NN), the angles ¢;; specify
the directions of vectors connecting the neighboring sites. The first term in describes Zeeman
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Figure 1: (a) The strip of polaritonic kagome lattice. The strip is infinite along = and is of finite extent
along y direction. (b) Dispersion of the topological edge modes propagating in the strip of kagome lattice
at 2 = 0.3 and §J = 0.15. The inset on the right shows zoom of the dispersion curve where solution in the
form of bright edge soliton appears.

Figure 2: Propagation of a bright soliton in a strip of kagome lattice. Figures (a,b,c,d) represent snapshots of
the numerically calculated dynamics at subsequent time intervals. Periodic boundary conditions are imposed
along the horizontal axis.

energy splitting (2€2) of the circular polarized components induced by the external magnetic field,
the second term describes the NN hopping with conservation and inversion of circular polarization
(the latter comes from TE-TM splitting), and the last term describes the on-site polariton-polariton
interactions with effective constants a1 and aip. In what follows, we will use normalized units where
J is a unit of the energy and the interpillar distance is unit of the length.

First, consider the linear regime when interactions in can be neglected. In Ref. [1§] it was
shown that the presence of the finite TE-TM splitting §J and magnetic field €2 opens a gap which
separates the Bloch bands into two bundles with nontrivial topology, see Fig. According to
the bulk-boundary correspondence there must exist topological edge states propagating along the
interface of a finite (or, semi-finite) lattice. The peculiar shape of the dispersion in Fig. |1| makes
favourable the existence of nonlinear excitations of the edge states in the form of solitons.

Numerically calculated dynamics of bright soliton formed by topological edge state in presence of
the interactions is shown in Fig. [2l The initial condition for the numerical simulations was choosen
as bell-shape profile with fixed quasimomentum in the vicinity of the maximum of the dispersion
in Fig.1. For the specifically chosen shape of the initial excitation and nonlinearity strength, the
excitation keeps its form and starts propagating along the boundary. The speed and the direction of
the propagation depend on the chosen value of quasimomentum of the topological edge dispersion.

3. CONCLUSION

We demonstrated propagation of bright solitons formed from topological edge states. Such solitons
are formed from wavepackets with quasimomentum in the vicinity of the local maximum of the



edge state dispersion.

4. ACKNOWLEDGEMENTS

D.R.G.,; D.Y. and I.V.I. acknowledge support from the grant 3.8884.2017 of the Ministry of Ed-
ucation and Science of the Russian Federation. D.Y. acknowledges support from RFBR project
16-32-60040. I.A.S. acknowledge support from the Icelandic Research Fund, Grant No. 163082-051,
mega-grant 14.Y26.31.0015 of the Ministry of Education and Science of the Russian Federation
and Horizon2020 RISE project CoExAN, Grant No. 644076.

REFERENCES

1.
2.

3.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Georgescu, 1., Ashhab, S. & Nori, F, Quantum simulation, Rev. Mod. Phys. 86, 153 (2014).
Raghu, S. & Haldane, F. D. M., Analogs of quantum-hall-effect edge states in photonic crystals,
Phys. Rev. A 78, 033834 (2008).

Wang, Z., Chong, Y., Joannopoulos, F. D. & Soljaci¢ M., Observation of unidirectional
backscattering-immune topological electromagnetic states, Nature 461, 772775 (2009).

. Haldane, F. & Raghu, S., Possible realization of directional optical waveguides in photonic

crystals with broken time-reversal symmetry, Phys. Rev. Lett. 100, 013904 (2008).

. Wang, Z., Chong, Y., Joannopoulos, J. D. & Soljaci¢, M. Reflection-free one-way edge modes

in a gyromagnetic photonic crystal, Phys. Rev. Lett. 100, 013905 (2008).

. Hafezi, M., Demler, E. A., Lukin, M. D. & Taylor, J. M., Robust optical delay lines with

topological protection, Nat. Phys. 7, 907912 (2011).
Fang, K., Yu, Z. & Fan, S., Realizing effective magnetic field for photons by controlling the
phase of dynamic modulation, Nat. Photon. 6, 782 (2012).

. Rechtsman, M. C. et al., Photonic floquet topological insulators, Nature 496, 196 (2013).
. Khanikaev, A. B. et al., Photonic topological insulators, Nat. Mater. 12, 233239 (2013).

10.
11.
12.

Lu, L., Joannopoulos, J. D. & Soljaci¢, M., Topological photonics, Nat. Photon. 8, 821 (2014).
Carusotto, I. & Ciuti, C. Quantum fluids of light, Rev. Mod. Phys. 85, 299 (2013).

Karzig, T., Bardyn, C.-E., Lindner, N. H. & Refael, G., Topological polaritons. Phys. Rev. X
5, 031001 (2015).

Bardyn, C.-E., Karzig, T., Refael, G. & Liew, T. C. H., Topological polaritons and excitons
in garden-variety systems. Phys. Rev. B 91, 161413 (2015).

Nalitov, A. V., Solnyshkov, D. D. & Malpuech, G., Polariton Z topological insulator, Phys.
Rev. Lett. 114, 116401 (2015).

Yi, K. & Karzig, T., Topological polaritons from photonic dirac cones coupled to excitons in
a magnetic field. Phys. Rev. B 93, 104303 (2016).

Bardyn, C.-E., Karzig, T., Refael, G. & Liew, T. C. H., Chiral bogoliubov excitations in
nonlinear bosonic systems. Phys. Rev. B 93, 020502 (2016).

Janot, A., Rosenow, B. & Refael, G., Topological polaritons in a quantum spin hall cavity.
Phys. Rev. B 93, 161111 (2016).

Gulevich, D. R., Yudin, D., Iorsh, I. V. & Shelykh, 1. A., Kagome lattice from an exciton-
polariton perspective. Phys. Rev. B 94, 115437 (2016).

Lumer, Y., Plotnik, Y., Rechtsman, M. C. & Segev, M., Self-localized states in photonic
topological insulators. Phys. Rev. Lett. 111, 243905 (2013).

Ostrovskaya, E. A., Abdullaev, J., Fraser, M. D., Desyatnikov, A. S. & Kivshar, Y. S., Self-
localization of polariton condensates in periodic potentials. Phys. Rev. Lett. 110, 170407 (2013).
Hadad, Y., Khanikaev, A. B. & Alud, A., Self-induced topological transitions and edge states
supported by nonlinear staggered potentials. Phys. Rev. B 93, 155112 (2016).

Bleu, O., Solnyshkov, D. D., and Malpuech, G., Interacting quantum fluid in a polariton Chern
insulator, Phys. Rev. B 93, 085438 (2016).

Kartashov, Y. V. & Skryabin, D. V., Two-dimensional lattice solitons in polariton condensates
with spin-orbit coupling. Opt. Lett. 41, 50435046 (2016).

Gulevich, D. R., Skryabin, D. V., Alodjants, A. P. & Shelykh, I. A., Topological spin Meissner
effect in spinor exciton- polariton condensate: Constant amplitude solutions, half-vortices, and
symmetry breaking. Phys. Rev. B 94, 115407 (2016).

Ablowitz, M. J., Curtis, C. W. & Ma, Y.-P., Linear and nonlinear traveling edge waves in
optical honeycomb lattices. Phys. Rev. A 90, 023813 (2014).



4

26.

27.

28.

29.

30.

31.

Leykam, D. & Chong, Y. D., Edge solitons in nonlinear-photonic topological insulators. Phys.
Rev. Lett. 117, 143901 (2016).

Kartashov, Y. V. & Skryabin, D. V., Modulational instability and solitary waves in polariton
topological insulators. Optica 3 1228 (2016).

Cerda-Méndez, E. A. et al., Exciton-polariton gap solitons in two-dimensional lattices, Phys.
Rev. Lett. 111, 146401 (2013).

Solnyshkov, D. D., Bleu, O., Teklu, B., & Malpuech, G., Chirality of topological gap solitons
in bosonic dimer chains, Phys. Rev. Lett. 118, 023901 (2017).

Gorlach, M. A. and Poddubny, A. N. Interaction-induced two-photon edge states in an extended
Hubbard model realized in a cavity array, Phys. Rev. A 95 033831 (2017).

Gulevich, D. R., Yudin, D., Skryabin, D. V., Iorsh, I. V. & Shelykh, I. A., Exploring nonlinear
topological states of matter with exciton-polaritons: Edge solitons in kagome lattice, Sci. Rep.
7, 1780 (2017).



	1 Introduction
	2 Results
	3 Conclusion
	4 Acknowledgements

