







    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: 01 September 2005



                    A photonic quantum information interface

                    	S. Tanzilli1, 
	W. Tittel1, 
	M. Halder1, 
	O. Alibart2, 
	P. Baldi2, 
	N. Gisin1 & 
	â€¦
	H. Zbinden1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 437,Â pages 116â€“120 (2005)Cite this article
                    

                    
        
            	
                        4516 Accesses

                    
	
                        324 Citations

                    
	
                            3 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Quantum communication requires the transfer of quantum states1, or quantum bits of information (qubits), from one place to another. From a fundamental perspective, this allows the distribution of entanglement and the demonstration of quantum non-locality over significant distances2,3,4,5,6. Within the context of applications, quantum cryptography offers a provably secure way to establish a confidential key between distant partners7. Photons represent the natural flying qubit carriers for quantum communication, and the presence of telecommunications optical fibres makes the wavelengths of 1,310â€‰nm and 1,550â€‰nm particularly suitable for distribution over long distances. However, qubits encoded into alkaline atoms that absorb and emit at wavelengths around 800â€‰nm have been considered for the storage and processing of quantum information8,9. Hence, future quantum information networks made of telecommunications channels and alkaline memories will require interfaces that enable qubit transfers between these useful wavelengths, while preserving quantum coherence and entanglement9,10,11. Here we report a demonstration of qubit transfer between photons of wavelength 1,310â€‰nm and 710â€‰nm. The mechanism is a nonlinear up-conversion process, with a success probability of greater than 5 per cent. In the event of a successful qubit transfer, we observe strong two-photon interference between the 710â€‰nm photon and a third photon at 1,550â€‰nm, initially entangled with the 1,310â€‰nm photon, although they never directly interacted. The corresponding fidelity is higher than 98 per cent.
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                    Figure 1: 
                        Schematic illustration of the experiment concept.
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Figure 2: 
                        Experimental Franson-type set-up used for the creation and analysis of energy-time entangled pairs of photons.
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Figure 3: 
                        Experimental set-up for the coherent transfer of quantum entanglement.
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        Editorial Summary
On the right wavelength
Quantum communication with photonic quantum bits (qubits) could be conveniently achieved using telecom optical fibres, but the memory and processing elements of a quantum network â€” typically alkaline atoms â€” operate at shorter wavelengths. Tanzilli et al. now report the development of an interface that enables qubits to be transferred between these different wavelengths, while preserving their essential quantum properties. Such an interface could prove useful in quantum information networks based on stationary atomic memories and travelling photonic qubits.
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