







    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: 23 June 2005



                    Vortices and superfluidity in a strongly interacting Fermi gas

                    	M. W. Zwierlein1, 
	J. R. Abo-Shaeer1Â nAff2, 
	A. Schirotzek1, 
	C. H. Schunck1 & 
	â€¦
	W. Ketterle1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 435,Â pages 1047â€“1051 (2005)Cite this article
                    

                    
        
            	
                        8040 Accesses

                    
	
                        827 Citations

                    
	
                            20 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Quantum degenerate Fermi gases provide a remarkable opportunity to study strongly interacting fermions. In contrast to other Fermi systems, such as superconductors, neutron stars or the quark-gluon plasma of the early Universe, these gases have low densities and their interactions can be precisely controlled over an enormous range. Previous experiments with Fermi gases have revealed condensation of fermion pairs. Although these and other studies were consistent with predictions assuming superfluidity, proof of superfluid behaviour has been elusive. Here we report observations of vortex lattices in a strongly interacting, rotating Fermi gas that provide definitive evidence for superfluidity. The interaction and therefore the pairing strength between two 6Li fermions near a Feshbach resonance can be controlled by an external magnetic field. This allows us to explore the crossover from a Boseâ€“Einstein condensate of molecules to a Bardeenâ€“Cooperâ€“Schrieffer superfluid of loosely bound pairs. The crossover is associated with a new form of superfluidity that may provide insights into high-transition-temperature superconductors.
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                    Figure 1: 
                        Observation of a vortex lattice in a molecular condensate.
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Figure 2: 
                        Vortices in a strongly interacting gas of fermionic atoms on the BEC- and the BCS-side of the Feshbach resonance.
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Figure 3: 
                        Optimized vortex lattices in the BECâ€“BCS crossover.
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Figure 4: 
                        Vortex number versus magnetic field and interaction strength in the BECâ€“BCS crossover.
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Figure 5: 
                        Vortex number versus stirring frequency in the BEC region for different interaction strengths.
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Figure 6: 
                        Formation and decay of a vortex lattice in a fermion pair condensate on the BEC-side close to the Feshbach resonance.
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Figure 7: 
                        Decay rate and lifetime of the vortex lattice versus magnetic field and interaction strength.
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        Editorial Summary
Fermionic superfluidity
A clear signature for superfluidity â€” the frictionless flow seen in some liquids at temperatures close to absolute zero â€” is the formation of a lattice of quantum vortices in a rotating system. This â€˜smoking gunâ€™ has been observed for the first time in an ultracold gas of lithium-6 atoms, confirming the prediction that these quantum gases are superfluids. This system could be a useful model for studies on high-temperature superconductivity and exotic matter such as quarkâ€“gluon plasma or neutron stars.
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