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            Abstract
Topological insulators—materials that are insulating in the bulk but allow electrons to flow on their surface—are striking examples of materials in which topological invariants are manifested in robustness against perturbations such as defects and disorder1. Their most prominent feature is the emergence of edge states at the boundary between areas with different topological properties. The observable physical effect is unidirectional robust transport of these edge states. Topological insulators were originally observed in the integer quantum Hall effect2 (in which conductance is quantized in a strong magnetic field) and subsequently suggested3,4,5 and observed6 to exist without a magnetic field, by virtue of other effects such as strong spin–orbit interaction. These were systems of correlated electrons. During the past decade, the concepts of topological physics have been introduced into other fields, including microwaves7,8, photonic systems9,10, cold atoms11,12, acoustics13,14 and even mechanics15. Recently, topological insulators were suggested to be possible in exciton-polariton systems16,17,18 organized as honeycomb (graphene-like) lattices, under the influence of a magnetic field. Exciton-polaritons are part-light, part-matter quasiparticles that emerge from strong coupling of quantum-well excitons and cavity photons19. Accordingly, the predicted topological effects differ from all those demonstrated thus far. Here we demonstrate experimentally an exciton-polariton topological insulator. Our lattice of coupled semiconductor microcavities is excited non-resonantly by a laser, and an applied magnetic field leads to the unidirectional flow of a polariton wavepacket around the edge of the array. This chiral edge mode is populated by a polariton condensation mechanism. We use scanning imaging techniques in real space and Fourier space to measure photoluminescence and thus visualize the mode as it propagates. We demonstrate that the topological edge mode goes around defects, and that its propagation direction can be reversed by inverting the applied magnetic field. Our exciton-polariton topological insulator paves the way for topological phenomena that involve light–matter interaction, amplification and the interaction of exciton-polaritons as a nonlinear many-body system.
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                    Fig. 1: Experimental scheme, calculated band structure and simulated dynamics of the topological polariton edge modes.[image: ]


Fig. 2: Lattice device layout and geometry.[image: ]


Fig. 3: Photoluminescence measurements of a polariton condensate in a topological edge mode.[image: ]


Fig. 4: Chirality and propagation of the condensate.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 White-light reflectivity measurements as a function of the detuning.
Reflectivity measurements are shown as a function of the detuning. A distinct anticrossing behaviour with a Rabi splitting of 2ħΩR = 4.3 meV can be observed. The measurements were performed on a sample piece with approximately 15 mirror pairs removed from the top DBR to increase the signal quality. Inset, fitted peak positions versus detuning. UP and LP stand for upper polariton and lower polariton.


Extended Data Fig. 2 Zeeman splitting and TE–TM splitting for a III–V microcavity hosting In0.04Ga0.96As quantum wells.
Left, Zeeman splitting with regard to the magnetic field, including second-order polynomial fits as a guide to the eye. Sample A is the one used in this experiment. Inset, example of central emission energies for a λ/4-series with a sine fit. Right, experimentally determined TE–TM splitting at various detunings ΔE for sample A including fits with modified photonic Hopfield coefficients (red).


Extended Data Fig. 3 Microscopy image of a zigzag-edge polariton honeycomb lattice with an intentional defect.
Shown is an image of the honeycomb lattice with d = 2.0 µm and v = 0.85, with an intentional defect in the zigzag chain, selected for experiments in an external magnetic field.


Extended Data Fig. 4 Polariton chiral edge mode propagating around a corner.
a–c, Propagation dynamics of edge modes injected coherently into the topological gap and calculated within model 1. Shown here is the right-moving propagation for the positive-value splitting ΔB = +0.8 meV (|Δeff| = 0.2 meV) and β = 0.20 meV μm2 (βeff = 0.15 meV μm2). A linearly polarized narrow coherent seeding beam injects both polarization components into the region marked by the red circle. At t ≈ 100 ps, the mode propagates around the corner from the zigzag edge into the armchair one.


Extended Data Fig. 5 Polariton chiral edge mode propagating and avoiding a defect.
Propagation dynamics of edge modes injected coherently into the topological gap and calculated within model 1 are shown for the right-moving propagation for the positive-value splitting ΔB = +0.8 meV (|Δeff| = 0.2 meV) and β = 0.20 meV μm2 (βeff = 0.15 meV μm2). A linearly polarized narrow coherent seeding beam injects both polarization components into the mesa. At t ≈ 85 ps, the mode propagates around the defect in the zigzag chain, marked by the red circle.


Extended Data Fig. 6 Topological gap measurement.
A λ/4-plate measurement at B = 0 T (blue) and B = +5 T (red) at the K point yields a bandgap of Eg = 108 ± 32 μeV. PL, photoluminescence.


Extended Data Fig. 7 Input/output characteristics and linewidth behaviour as a function of pump power.
Below threshold, the gap and bulk mode cannot be distinguished. At a typical threshold Pth ≈ 1.8 mW, a distinct nonlinear increase in intensity as well as a sudden decrease in linewidth can be observed. Here, the populated gap modes show similar behaviour to the bulk mode.


Extended Data Fig. 8 Driven-dissipative Gross–Pitaevskii calculation of polariton condensation into topological edge mode.
a, Band structure of polaritons in a honeycomb lattice. The dotted curves represent the dispersion of the linear eigenmodes of a strip, colour-coded to represent localization on the bottom edge (red), upper edge (green) and in the bulk (blue). The shaded region represents the energy and momentum of the polariton steady state obtained from solving the driven-dissipative Gross–Pitaevskii equation. b, Imaginary components of the linear eigenmodes. The largest imaginary part corresponds to an edge state (the colour coding is the same as in a), suggesting that the edge state is most likely to be populated with increasing pumping. c, Edge state obtained from solution of the driven-dissipative Gross–Pitaevskii equation. Parameters: Δeff = 0.3 meV, βeff = 0.2 meV μm2. The effective mass m was taken as 1.3 × 10−4 of the free electron mass; the potential of depth 0.5 meV was constructed from a honeycomb lattice of cylinders of radius 1 μm and centre-to-centre separation 1.7 μm; the pump spot was taken as a Gaussian centred on the strip edge with extent 7.5 μm in the y direction. A spatially uniform decay rate of 0.2 meV was supplemented with a 1.7 meV decay in the region outside the cylinders.


Extended Data Fig. 9 Real-space mode tomographies of a polariton condensate at B = 0 T and B = −5 T.
a–d, Measurements at B = 0 T. a, Real-space spectrum in x direction perpendicular to the zigzag edge along the straight white line in d. The real-space x axis is consistent between a, b and d. The dashed white line marks the physical edge of the lattice. Only a trivial S-band condensate can be observed throughout the structure. b, Mode tomography displaying the topologically trivial S-band condensate at ES = 1.4673–1.4675 eV. A relatively homogeneous condensate within the pump spot diameter of 40 μm is observed. The inset shows a microscopy image of the structure. c, d, Mode tomography of the energy Eedge = 1.4678 eV for comparison at the corner position (c) and at the edge (d) of the sample. Without magnetic field, no localized edge mode can be observed. e–h, Measurements at B = −5 T (fully analogous to Fig. 3d–g). e, Real-space spectrum in the x direction perpendicular to the zigzag edge along the straight white line in h. The real-space x axis is consistent between e, f and h. The dashed white line marks the physical edge of the lattice. A trivial S-band condensate can be observed throughout the structure. At E = 1.4678 eV, again we observe the appearance of a localized mode, well separated from the bulk and located at the zigzag edge. f, Mode tomography displaying the topologically trivial S-band condensate at ES = 1.4673–1.4675 eV. A relatively homogeneous condensate within the pump spot diameter of 40 μm is observed. The inset shows a microscopy image of the structure. g, h, Mode tomography of the topological edge mode at Eedge = 1.4678 eV at the corner position (g) and at the edge (h) of the sample, showing clearly that the mode extends around the corner from the zigzag to the armchair configuration and avoids the intentional defect, both without bulk scattering.





Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
Klembt, S., Harder, T.H., Egorov, O.A. et al. Exciton-polariton topological insulator.
                    Nature 562, 552–556 (2018). https://doi.org/10.1038/s41586-018-0601-5
Download citation
	Received: 08 March 2018

	Accepted: 13 August 2018

	Published: 08 October 2018

	Issue Date: 25 October 2018

	DOI: https://doi.org/10.1038/s41586-018-0601-5


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        


Keywords
	Topological Insulators
	Polariton Condensate
	Chiral Edge States
	Edge Mode
	Topological Protection







            


            

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    Sign up for the Nature Briefing newsletter — what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    [image: ]







[image: ]
