







    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



	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 08 September 2021



                    High-fidelity laser-free universal control of trapped ion qubits

                    	R. SrinivasÂ 
            ORCID: orcid.org/0000-0002-8462-60721,2Â nAff8, 
	S. C. Burd1,2Â nAff9, 
	H. M. Knaack1,2, 
	R. T. SutherlandÂ 
            ORCID: orcid.org/0000-0001-5583-51503,4,5, 
	A. Kwiatkowski1,2, 
	S. Glancy1, 
	E. Knill1,6, 
	D. J. Wineland1,2,7, 
	D. Leibfried1, 
	A. C. WilsonÂ 
            ORCID: orcid.org/0000-0003-4172-47101, 
	D. T. C. Allcock1,2,7 & 
	â€¦
	D. H. SlichterÂ 
            ORCID: orcid.org/0000-0002-1228-06311Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 597,Â pages 209â€“213 (2021)Cite this article
                    

                    
        
            	
                        10k Accesses

                    
	
                        85 Citations

                    
	
                            119 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Atomic and molecular physics
	Quantum information


    


                
    
    

    
    

                
            


        
            Abstract
Universal control of multiple qubitsâ€”the ability to entangle qubits and to perform arbitrary individual qubit operations1â€”is a fundamental resource for quantum computing2, simulation3 and networking4. Qubits realized in trapped atomic ions have shown the highest-fidelity two-qubit entangling operations5,6,7 and single-qubit rotations8 so far. Universal control of trapped ion qubits has been separately demonstrated using tightly focused laser beams9,10,11,12 or by moving ions with respect to laser beams13,14,15, but at lower fidelities. Laser-free entangling methods16,17,18,19,20 may offer improved scalability by harnessing microwave technology developed for wireless communications, but so far their performance has lagged the best reported laser-based approaches. Here we demonstrate high-fidelity laser-free universal control of two trapped-ion qubits by creating both symmetric and antisymmetric maximally entangled states with fidelities of \({1}_{-0.0017}^{+0}\) and \({0.9977}_{-0.0013}^{+0.0010}\), respectively (68 per cent confidence level), corrected for initialization error. We use a scheme based on radiofrequency magnetic field gradients combined with microwave magnetic fields that is robust against multiple sources of decoherence and usable with essentially any trapped ion species. The scheme has the potential to perform simultaneous entangling operations on multiple pairs of ions in a large-scale trapped-ion quantum processor without increasing control signal power or complexity. Combining this technology with low-power laser light delivered via trap-integrated photonics21,22 and trap-integrated photon detectors for qubit readout23,24 provides an opportunity for scalable, high-fidelity, fully chip-integrated trapped-ion quantum computing.
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                    Fig. 1: Experimental setup.[image: ]


Fig. 2: Robustness of entangling operation.[image: ]


Fig. 3: Entangled-state fidelity analysis.[image: ]
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