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            Abstract
The experimental progress achieved in parity–time ([image: ]) symmetry in classical optics1,2,3,4,5,6,7,8,9,10,11,12,13,14 is the most important accomplishment in the past decade15 and stimulates many new applications, such as unidirectional light transport5,6,7,8 and single-mode lasers12,13. However, in the quantum regime, some controversial effects are proposed for [image: ]-symmetric theory16,17,18,19, for example, the potential violation of the no-signalling principle19. It is therefore important to understand whether [image: ]-symmetric theory is consistent with well-established principles. Here, we experimentally study this no-signalling problem related to the [image: ]-symmetric theory using two space-like separated entangled photons, with one of them passing through a post-selected quantum gate, which effectively simulates a [image: ]-symmetric evolution. Our results suggest that the superluminal information transmission can be simulated when the successfully [image: ]-symmetrically evolved subspace is solely considered. However, considering this subspace is only a part of the full Hermitian system, additional information regarding whether the [image: ]-symmetric evolution is successful is necessary, which transmits to the receiver at maximally light speed, maintaining the no-signalling principle.
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                    Figure 1: Sketch of the global experimental set-up.[image: ]


Figure 2: Bob's measurement results.[image: ]


Figure 3: Experimental construction of [image: ] gate.[image: ]


Figure 4: A short-delay QRPG acting as the information source.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Experimental demonstration of coherence flow in PT- and anti-PT-symmetric systems
                                        
                                    

                                    
                                        Article
                                         Open access
                                         07 October 2021
                                    

                                

                                Yu-Liang Fang, Jun-Long Zhao, … Franco Nori

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Observation of PT-symmetric quantum interference
                                        
                                    

                                    
                                        Article
                                        
                                         16 September 2019
                                    

                                

                                F. Klauck, L. Teuber, … A. Szameit

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Theoretical investigation of dynamics and concurrence of entangled $${{\mathcal {P}}}{{\mathcal {T}}}$$ and anti- $${{\mathcal {P}}}{{\mathcal {T}}}$$ symmetric polarized photons
                                        
                                    

                                    
                                        Article
                                         Open access
                                         26 May 2023
                                    

                                

                                Javed Akram & Chao Zheng

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Ruschhaupt, A., Delgado, F. & Muga, J. G. Physical realization of -symmetric potential scattering in a planar slab waveguide. J. Phys. A 38, L171–L176 (2005).
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Klaiman, S., Günther, U. & Moiseyev, N. Visualization of branch points in -symmetric waveguides. Phys. Rev. Lett. 101, 080402 (2008).
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Guo, A. et al. Observation of -symmetry breaking in complex optical potentials. Phys. Rev. Lett. 103, 093902 (2009).
Article 
    ADS 
    
                    Google Scholar 
                

	Rüter, C. E. et al. Observation of parity–time symmetry in optics. Nature Phys. 6, 192–195 (2010).
Article 
    ADS 
    
                    Google Scholar 
                

	Feng, L. et al. Experimental demonstration of a unidirectional reflectionless parity-time metamaterial at optical frequencies. Nature Mater. 12, 108–113 (2013).
Article 
    ADS 
    
                    Google Scholar 
                

	Feng, L. et al. Nonreciprocal light propagation in a silicon photonic circuit. Science 333, 729–733 (2011).
Article 
    ADS 
    
                    Google Scholar 
                

	Peng, B. et al. Parity–time-symmetric whispering-gallery microcavities. Nature Phys. 10, 394–398 (2014).
Article 
    ADS 
    
                    Google Scholar 
                

	Chang, L. et al. Parity–time symmetry and variable optical isolation in active-passive-coupled microresonators. Nature Photon. 8, 524–529 (2014).
Article 
    ADS 
    
                    Google Scholar 
                

	Chong, Y. D., Ge, L. & Stone, A. D. -symmetry breaking and laser-absorber modes in optical scattering systems. Phys. Rev. Lett. 106, 093902 (2011).
Article 
    ADS 
    
                    Google Scholar 
                

	Liertzer, M. et al. Pump-induced exceptional points in lasers. Phys. Rev. Lett. 108, 173901 (2012).
Article 
    ADS 
    
                    Google Scholar 
                

	Brandstetter, M. et al. Reversing the pump dependence of a laser at an exceptional point. Nature Commun. 5, 4034 (2014).
Article 
    ADS 
    
                    Google Scholar 
                

	Feng, L., Wong, Z. J., Ma, R.-M., Wang, Y. & Zhang, X. Single-mode laser by parity-time symmetry breaking. Science 346, 972–975 (2014).
Article 
    ADS 
    
                    Google Scholar 
                

	Hodaei, H., Miri, M.-A., Heinrich, M., Christodoulides, D. N. & Khajavikhan, M. Parity-time-symmetric microring lasers. Science 346, 975–978 (2014).
Article 
    ADS 
    
                    Google Scholar 
                

	Regensburger, A. et al. Parity–time synthetic photonic lattices. Nature 488, 167–171 (2012).
Article 
    ADS 
    
                    Google Scholar 
                

	Cham, J. Top 10 physics discoveries of the last 10 years. Nature Phys. 11, 799 (2015).
Article 
    ADS 
    
                    Google Scholar 
                

	Croke, S. -symmetric Hamiltonians and their application in quantum information. Phys. Rev. A 91, 052113 (2015).
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Bender, C. M., Brody, D. C., Jones, H. F. & Meister, B. K. Faster than Hermitian quantum mechanics. Phys. Rev. Lett. 98, 040403 (2007).
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Bender, C. M. et al. -symmetric quantum state discrimination. Phil. Trans. R. Soc. A 371, 20120160 (2013).
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Lee, Y.-C., Hsieh, M.-H., Flammia, S. T. & Lee, R.-K. Local symmetry violates the no-signaling principle. Phys. Rev. Lett. 112, 130404 (2014).
Article 
    ADS 
    
                    Google Scholar 
                

	Shankar, R. Principles of Quantum Mechanics (Springer, 1994).
Book 
    
                    Google Scholar 
                

	Bender, C. M. & Boettcher, S. Real spectra in non-Hermitian Hamiltonians having symmetry. Phys. Rev. Lett. 80, 5243–5246 (1998).
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Bender, C. M., Boettcher, S. & Meisinger, P. N. -symmetric quantum mechanics. J. Math. Phys. 40, 2201–2229 (1999).
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Bender, C. M., Brody, D. C. & Jones, H. F. Complex extension of quantum mechanics. Phys. Rev. Lett. 89, 270401 (2002).
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Günther, U. & Samsonov, B. F. Naimark-dilated -symmetric brachistochrone. Phys. Rev. Lett. 101, 230404 (2008).
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Günther, U. & Samsonov, B. F. -symmetric brachistochrone problem, Lorentz boosts, and nonunitary operator equivalence classes. Phys. Rev. A 78, 042115 (2008).
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Mostafazadeh, A. Pseudo-Hermiticity versus symmetry: The necessary condition for the reality of the spectrum of a non-Hermitian Hamiltonian. J. Math. Phys. 43, 205–214 (2002).
Article 
    ADS 
    MathSciNet 
    
                    Google Scholar 
                

	Brody, D. C. Consistency of -symmetric quantum mechanics. J. Phys. A 49, 10LT03 (2016).
Article 
    MathSciNet 
    
                    Google Scholar 
                

	Schindler, J., Li, A., Zheng, M. C., Ellis, F. M. & Kottos, T. Experimental study of active LRC circuits with symmetries. Phys. Rev. A 84, 040101(R) (2011).
Article 
    ADS 
    
                    Google Scholar 
                

	Ramezani, H., Schindler, J., Ellis, F. M., Günther, U. & Kottos, T. Bypassing the bandwidth theorem with symmetry. Phys. Rev. A 85, 062122 (2012).
Article 
    ADS 
    
                    Google Scholar 
                

	Hensen, B. et al. Loophole-free Bell inequality violation using electron spins separated by 1.3 kilometres. Nature 526, 682–686 (2015).
Article 
    ADS 
    
                    Google Scholar 
                

	Giustina, M. et al. Significant-loophole-free test of Bell's theorem with entangled photons. Phys. Rev. Lett. 115, 250401 (2015).
Article 
    ADS 
    
                    Google Scholar 
                

	Shalm, L. K. et al. Strong loophole-free test of local realism. Phys. Rev. Lett. 115, 250402 (2015).
Article 
    ADS 
    
                    Google Scholar 
                

	L'Ecuyer, P. & Simard, R. TestU01: A C library for empirical testing of random number generators. ACM Trans. Math. Softw. 33, 22 (2007).
Article 
    MathSciNet 
    
                    Google Scholar 
                


Download references




Acknowledgements
We are grateful to C. J. Zhang, Y. C. Lee and D. C. Brody for valuable discussions. This work is supported by the National Natural Science Foundation of China (Grants numbers 61490711, 11474267, 11274289, 11304305, 11325419, 61327901 and 91321313), the Strategic Priority Research Program(B) of the Chinese Academy of Sciences (Grant No. XDB01030300). C-F.L. acknowledges support from the EU Collaborative project QuProCS (641277).


Author information
Author notes	Jian-Shun Tang and Yi-Tao Wang: These authors contributed equally to this work


Authors and Affiliations
	Key Laboratory of Quantum Information, University of Science and Technology of China, Chinese Academy of Sciences, Hefei, 230026, Anhui, China
Jian-Shun Tang, Yi-Tao Wang, Shang Yu, De-Yong He, Jin-Shi Xu, Bi-Heng Liu, Geng Chen, Yong-Nan Sun, Kai Sun, Yong-Jian Han, Chuan-Feng Li & Guang-Can Guo

	Synergetic Innovation Center of Quantum Information & Quantum Physics, University of Science and Technology of China, Hefei, 230026, Anhui, China
Jian-Shun Tang, Yi-Tao Wang, Shang Yu, De-Yong He, Jin-Shi Xu, Bi-Heng Liu, Geng Chen, Yong-Nan Sun, Kai Sun, Yong-Jian Han, Chuan-Feng Li & Guang-Can Guo


Authors	Jian-Shun TangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yi-Tao WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	Shang YuView author publications
You can also search for this author in
                        PubMed Google Scholar



	De-Yong HeView author publications
You can also search for this author in
                        PubMed Google Scholar



	Jin-Shi XuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Bi-Heng LiuView author publications
You can also search for this author in
                        PubMed Google Scholar



	Geng ChenView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yong-Nan SunView author publications
You can also search for this author in
                        PubMed Google Scholar



	Kai SunView author publications
You can also search for this author in
                        PubMed Google Scholar



	Yong-Jian HanView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chuan-Feng LiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Guang-Can GuoView author publications
You can also search for this author in
                        PubMed Google Scholar





Contributions
C-F.L., J-S.T., Y-T.W. and Y-J.H. planned and designed the experiments. J-S.T., Y-T.W. and S.Y. implemented the experiments with the help of J-S.X. and B-H.L. D-Y.H. fabricated the home-made circuit. C-F.L., Y-J.H., J-S.T., Y-T.W., G.C., Y-N.S. and K.S. carried out the theoretical analysis and developed the interpretation. J-S.T. and Y-J.H. wrote the paper with the help of C-F.L. and Y-T.W., and all authors discussed its contents. Y-J.H. supervised the theoretical part of the project. G-C.G. and C-F.L. supervised the project.
Corresponding authors
Correspondence to
                Yong-Jian Han or Chuan-Feng Li.


Ethics declarations

              
                Competing interests

                The authors declare no competing financial interests.

              
            

Supplementary information

Supplementary information
Supplementary information (PDF 332 kb)





Rights and permissions
Reprints and permissions


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



Cite this article
Tang, JS., Wang, YT., Yu, S. et al. Experimental investigation of the no-signalling principle in parity–time symmetric theory using an open quantum system.
                    Nature Photon 10, 642–646 (2016). https://doi.org/10.1038/nphoton.2016.144
Download citation
	Received: 20 February 2016

	Accepted: 26 June 2016

	Published: 08 August 2016

	Issue Date: October 2016

	DOI: https://doi.org/10.1038/nphoton.2016.144


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

                
                    	
                            
                                
                                    
                                        Demonstration of \(\mathcal{P}\mathcal{T}\)-symmetric quantum state discrimination
                                    
                                

                            
                                
                                    	Xiaowei Wang
	Gaoyan Zhu
	Peng Xue


                                
                                Quantum Information Processing (2024)

                            
	
                            
                                
                                    
                                        Extension of Noether’s theorem in \({\cal P}{\cal T}\)-symmetry systems and its experimental demonstration in an optical setup
                                    
                                

                            
                                
                                    	Qi-Cheng Wu
	Jun-Long Zhao
	Franco Nori


                                
                                Science China Physics, Mechanics & Astronomy (2023)

                            
	
                            
                                
                                    
                                        Experimental demonstration of the dynamics of quantum coherence evolving under a PT-symmetric Hamiltonian on an NMR quantum processor
                                    
                                

                            
                                
                                    	Akanksha Gautam
	Kavita Dorai
	Arvind


                                
                                Quantum Information Processing (2022)

                            
	
                            
                                
                                    
                                        Uncertainty of quantum channels via modified generalized variance and modified generalized Wigner–Yanase–Dyson skew information
                                    
                                

                            
                                
                                    	Cong Xu
	Zhaoqi Wu
	Shao-Ming Fei


                                
                                Quantum Information Processing (2022)

                            
	
                            
                                
                                    
                                        Searching for exceptional points and inspecting non-contractivity of trace distance in (anti-)\(\mathcal {PT}\!\)-symmetric systems
                                    
                                

                            
                                
                                    	Hossein Rangani Jahromi
	Rosario Lo Franco


                                
                                Quantum Information Processing (2022)

                            


                

            

        
    

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: Advertisement]
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    Reviews & Analysis
                                
                            
	
                                
                                    News & Comment
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Collections
                                
                            


                	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Aims & Scope
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Editorial Policies
                                
                            
	
                                
                                    Content Types
                                
                            
	
                                
                                    Web Feeds
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Research Cross-Journal Editorial Team
                                
                            
	
                                
                                    Reviews Cross-Journal Editorial Team
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    Submission Guidelines
                                
                            
	
                                
                                    For Reviewers
                                
                            
	
                                
                                    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 Photonics (Nat. Photon.)
                
                
    
    
        ISSN 1749-4893 (online)
    
    


                
    
    
        ISSN 1749-4885 (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: ]
