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            Abstract
Quantum teleportation1 is central to quantum communication, and plays an important role in a number of quantum computation protocols2,3. Most information-processing applications of quantum teleportation include the subsequent manipulation of the qubit (the teleported photon), so it is highly desirable to have a teleportation procedure resulting in high-quality, freely flying qubits. In our previous teleportation experiment4, the teleported qubit had to be detected (and thus destroyed) to verify the success of the procedure. Here we report a teleportation experiment that results in freely propagating individual qubits. The basic idea is to suppress unwanted coincidence detection events by providing the photon to be teleported much less frequently than the auxiliary entangled pair. Therefore, a case of successful teleportation can be identified with high probability without the need actually to detect the teleported photon. The experimental fidelity of our procedure surpasses the theoretical limit required for the implementation of quantum repeaters5,6.
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                    Figure 1: Diagrams showing the principles of the Innsbruck experiment and of achieving free propagation of teleported qubits.


Figure 2: Set-up for experimental demonstration of free propagation of teleported qubits. 


Figure 3: Two typical experimental results for 45Â° teleportation.


Figure 4: Conditional fidelities and non-conditional fidelities obtained in 45Â° teleportation for different neutral filters.



                


                
                    
                
            

            
                References
	Bennett, C. H. et al. Teleporting an unknown quantum state via dual classical and Einstein-Podolsky-Rosen channels. Phys. Rev. Lett. 83, 3081â€“3084 (1993)
ArticleÂ 
    ADSÂ 
    MathSciNetÂ 
    
                    Google ScholarÂ 
                

	Gottesman, D. & Chuang, I. L. Demonstrating the viability of universal quantum computation using teleportation and single-qubit operations. Nature 402, 390â€“393 (1999)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Knill, E., Laflamme, R. & Milburn, G. J. A scheme for efficient quantum computation with linear optics. Nature 409, 46â€“52 (2001)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bouwmeester, D. et al. Experimental quantum teleportation. Nature 390, 575â€“579 (1997)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Briegel, H.-J., Duer, W., Cirac, J. I. & Zoller, P. Quantum repeaters: The role of imperfect local operations in quantum communication. Phys. Rev. Lett. 81, 5932â€“5935 (1998)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Aschauer, H. & Briegel, H. J. Private entanglement over arbitrary distances, even using noisy apparatus. Phys. Rev. Lett. 88, 047902 (2002)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Braunstein, S. L. & Kimble, H. J. A posteriori teleportation. Nature 394, 840â€“841 (1998)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bouwmeester, D. et al. Reply to â€œA posteriori teleportationâ€�. Nature 394, 841 (1998)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Kok, P. & Braunstein, S. L. Postselected versus nonpostselected quantum teleportation using parametric down-conversion. Phys. Rev. A 61, 042304 (2000)
ArticleÂ 
    ADSÂ 
    MathSciNetÂ 
    
                    Google ScholarÂ 
                

	Furusawa, A. et al. Unconditional quantum teleportation. Science 282, 706â€“709 (1998)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Kim, Y. H., Kulik, S. P. & Shih, Y. H. Quantum teleportation of a polarization state with a complete Bell state measurement. Phys. Rev. Lett. 86, 1370â€“1373 (2001)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Grosshans, F. & Grangier, P. Quantum cloning and teleportation criteria for continuous quantum variables. Phys. Rev. A 64, R010301 (2001)
ArticleÂ 
    ADSÂ 
    MathSciNetÂ 
    
                    Google ScholarÂ 
                

	Rudolph, T. & Sanders, B. C. Requirement of optical coherence for continuous variable quantum teleportation. Phys. Rev. Lett. 88, 077903 (2001)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Pan, J.-W. et al. Experimental demonstration of four-photon entanglement and high-fidelity teleportation. Phys. Rev. Lett. 86, 4435â€“4438 (2001)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Pan, J.-W. & Zeilinger, A. Greenberger-Horne-Zeilinger-state analyzer. Phys. Rev. A 57, 2208â€“2211 (1998)
ArticleÂ 
    ADSÂ 
    MathSciNetÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Jennewein, T., Weihs, G., Pan, J.-W. & Zeilinger, A. Experimental nonlocality proof of quantum teleportation and entanglement swapping. Phys. Rev. Lett. 88, 017093 (2002)

                    Google ScholarÂ 
                

	Kurtsiefer, C., Oberparleiter, M. & Weinfurter, H. High-efficiency entangled photon pair collection in type-II parametric fluorescence. Phys. Rev. A 64, 023802 (2001)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Howell, J. C., Lamas-Linares, A. & Bouwmeester, D. Experimental violation of a spin-1 Bell inequality using maximally entangled four-photon states. Phys. Rev. Lett. 88, 030401 (2002)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Bennett, C. H. et al. Purification of noisy entanglement, and faithful teleportation via noisy channel. Phys. Rev. Lett. 76, 1895â€“1898 (1996)

                    Google ScholarÂ 
                

	Pan, J.-W., Simon, C., Brukner, C. & Zeilinger, A. Entanglement purification for quantum communication. Nature 410, 1067â€“1070 (2001)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
This work was supported by the Austrian Science Foundation (FWF), the TMR and the QuComm programmes of the European Commission and the Alexander von Humboldt Foundation.


Author information
Authors and Affiliations
	Institut fÃ¼r Experimentalphysik, UniversitÃ¤t Wien, Boltzmanngasse 5, 1090, Wien, Austria
Jian-Wei Pan,Â Sara Gasparoni,Â Markus Aspelmeyer,Â Thomas JenneweinÂ &Â Anton Zeilinger


Authors	Jian-Wei PanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Sara GasparoniView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Markus AspelmeyerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Thomas JenneweinView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Anton ZeilingerView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Jian-Wei Pan.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
Pan, JW., Gasparoni, S., Aspelmeyer, M. et al. Experimental realization of freely propagating teleported qubits.
                    Nature 421, 721â€“725 (2003). https://doi.org/10.1038/nature01412
Download citation
	Received: 26 September 2002

	Accepted: 30 December 2002

	Issue Date: 13 February 2003

	DOI: https://doi.org/10.1038/nature01412


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Pushing periodic-disorder-induced phase matching into the deep-ultraviolet spectral region: theory and demonstration
                                    
                                

                            
                                
                                    	Mingchuan Shao
	Fei Liang
	Huaijin Zhang


                                
                                Light: Science & Applications (2020)

                            
	
                            
                                
                                    
                                        Entanglement and teleportation between polarization and wave-like encodings of an optical qubit
                                    
                                

                            
                                
                                    	Demid V. Sychev
	Alexander E. Ulanov
	A. I. Lvovsky


                                
                                Nature Communications (2018)

                            
	
                            
                                
                                    
                                        Golden Ratio Gain Enhancement in Coherently Coupled Parametric Processes
                                    
                                

                            
                                
                                    	Ottavia Jedrkiewicz
	Alessandra Gatti
	Katia Gallo


                                
                                Scientific Reports (2018)

                            
	
                            
                                
                                    
                                        Teleportation of a Weak Coherent Cavity Field State
                                    
                                

                            
                                
                                    	Wesley B. Cardoso
	Wen-Chao Qiang
	Ardiley T. Avelar


                                
                                International Journal of Theoretical Physics (2016)

                            
	
                            
                                
                                    
                                        Multiple teleportation via partially entangled GHZ state
                                    
                                

                            
                                
                                    	Pei-Ying Xiong
	Xu-Tao Yu
	Zai-Chen Zhang


                                
                                Frontiers of Physics (2016)

                            


                

            

        
    

            
                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

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                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


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter â€” 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
            
        


    









    








