







    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

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 15 April 2020



                    Submicrosecond entangling gate between trapped ions via Rydberg interaction

                    	Chi Zhang 
            ORCID: orcid.org/0000-0002-2112-87461, 
	Fabian Pokorny1, 
	Weibin Li 
            ORCID: orcid.org/0000-0001-6731-13112,3, 
	Gerard Higgins1, 
	Andreas Pöschl 
            ORCID: orcid.org/0000-0003-2881-87631, 
	Igor Lesanovsky2,3,4 & 
	…
	Markus Hennrich 
            ORCID: orcid.org/0000-0003-2955-79801 

Show authors

                    

                    
                        
    Nature

                        volume 580, pages 345–349 (2020)Cite this article
                    

                    
        
            	
                        8071 Accesses

                    
	
                        50 Citations

                    
	
                            152 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Atomic and molecular physics
	Quantum information


    


                
    
    

    
    

                
            


        
            Abstract
Generating quantum entanglement in large systems on timescales much shorter than the coherence time is key to powerful quantum simulation and computation. Trapped ions are among the most accurately controlled and best isolated quantum systems1 with low-error entanglement gates operated within tens of microseconds using the vibrational motion of few-ion crystals2,3. To exceed the level of complexity tractable by classical computers the main challenge is to realize fast entanglement operations in crystals made up of many ions (large ion crystals)4. The strong dipole–dipole interactions in polar molecule5 and Rydberg atom6,7 systems allow much faster entangling gates, yet stable state-independent confinement comparable with trapped ions needs to be demonstrated in these systems8. Here we combine the benefits of these approaches: we report a two-ion entangling gate with 700-nanosecond gate time that uses the strong dipolar interaction between trapped Rydberg ions, which we use to produce a Bell state with 78 per cent fidelity. The sources of gate error are identified and a total error of less than 0.2 per cent is predicted for experimentally achievable parameters. Furthermore, we predict that residual coupling to motional modes contributes an approximate gate error of 10−4 in a large ion crystal of 100 ions. This provides a way to speed up and scale up trapped-ion quantum computers and simulators substantially.
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                    Fig. 1: Level scheme of 88Sr+ and the rotating dipole moment of a microwave-dressed Rydberg state.


Fig. 2: Tunable interaction between Rydberg ions.


Fig. 3: Experimental sequence of the Rydberg-interaction gate.


Fig. 4: Analysis of the two-ion state after the entangling gate operation.



                


                
                    
                
            

            
                Data availability


The datasets generated during and analysed during the current study are available from the corresponding authors on reasonable request.
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