







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 25 January 2017



                    Symmetry-protected collisions between strongly interacting photons

                    	Jeff D. Thompson1,2 na1, 
	Travis L. Nicholson3 na1, 
	Qi-Yu Liang3, 
	Sergio H. Cantu3, 
	Aditya V. Venkatramani1, 
	Soonwon Choi1, 
	Ilya A. Fedorov4, 
	Daniel Viscor5, 
	Thomas Pohl5 na1, 
	Mikhail D. Lukin1 & 
	…
	Vladan Vuletić3 

Show authors

                    

                    
                        
    Nature

                        volume 542, pages 206–209 (2017)Cite this article
                    

                    
        
            	
                        8505 Accesses

                    
	
                        65 Citations

                    
	
                            31 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Atomic and molecular interactions with photons
	Single photons and quantum effects
	Slow light


    


                
    
    

    
    

                
            


        
            Abstract
Realizing robust quantum phenomena in strongly interacting systems is one of the central challenges in modern physical science. Approaches ranging from topological protection to quantum error correction are currently being explored across many different experimental platforms, including electrons in condensed-matter systems1, trapped atoms2 and photons3. Although photon–photon interactions are typically negligible in conventional optical media, strong interactions between individual photons have recently been engineered in several systems4,5,6,7,8,9,10. Here, using coherent coupling between light and Rydberg excitations in an ultracold atomic gas, we demonstrate a controlled and coherent exchange collision between two photons that is accompanied by a π/2 phase shift. The effect is robust in that the value of the phase shift is determined by the interaction symmetry rather than the precise experimental parameters7,10,11,12,13, and in that it occurs under conditions where photon absorption is minimal. The measured phase shift of 0.48(3)π is in excellent agreement with a theoretical model. These observations open a route to realizing robust single-photon switches and all-optical quantum logic gates, and to exploring novel quantum many-body phenomena with strongly interacting photons.
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                    Figure 1: Photon collisions mediated by long-range exchange interactions.[image: ]


Figure 2: Observation of photon collisions.[image: ]


Figure 3: Density dependence and robustness of the scattering phase.[image: ]


Figure 4: Polariton exchange between separated transverse modes.[image: ]
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