







    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 Photonics]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature photonics

	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 07 September 2015



                    Multi-dimensional single-spin nano-optomechanics with a levitated nanodiamond

                    	Levi P. NeukirchÂ 
            ORCID: orcid.org/0000-0003-3571-28521,2, 
	Eva von Haartman3, 
	Jessica M. Rosenholm3 & 
	â€¦
	A. Nick Vamivakas2,4Â 

Show authors

                    

                    
                        
    Nature Photonics

                        volumeÂ 9,Â pages 653â€“657 (2015)Cite this article
                    

                    
        
            	
                        7519 Accesses

                    
	
                        114 Citations

                    
	
                            186 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Nanophotonics and plasmonics
	Optical physics
	Optomechanics


    


                
    
    

    
    

                
            


        
            Abstract
Considerable advances made in the development of nanomechanical and nano-optomechanical devices have enabled the observation of quantum effects1,2,3,4, improved sensitivity to minute forces5,6, and provided avenues to probe fundamental physics at the nanoscale7,8,9. Concurrently, solid-state quantum emitters with optically accessible spin degrees of freedom have been pursued in applications ranging from quantum information science10,11 to nanoscale sensing12. Here, we demonstrate a hybrid nano-optomechanical system composed of a nanodiamond (containing a single nitrogenâ€“vacancy centre) that is levitated in an optical dipole trap. The mechanical state of the diamond is controlled by modulation of the optical trapping potential. We demonstrate the ability to imprint the multi-dimensional mechanical motion of the cavity-free mechanical oscillator into the nitrogenâ€“vacancy centre fluorescence and manipulate the mechanical system's intrinsic spin. This result represents the first step towards a hybrid quantum system based on levitating nanoparticles that simultaneously engages optical, phononic and spin degrees of freedom.
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                    Figure 1: Experimental overview.[image: ]


Figure 2: Mechanical and optical behaviour of vacuum levitated nanodiamonds.[image: ]


Figure 3: Optomechanical control of nanodiamond fluorescence at low vacuum.[image: ]


Figure 4: Optically detected magnetic resonance in levitated nanodiamonds.[image: ]
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