







    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



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 26 January 2011



                    Observation of scale invariance and universality in two-dimensional Bose gases

                    	Chen-Lung Hung1, 
	Xibo Zhang1, 
	Nathan Gemelke1Â nAff2 & 
	â€¦
	Cheng Chin1Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 470,Â pages 236â€“239 (2011)Cite this article
                    

                    
        
            	
                        5271 Accesses

                    
	
                        220 Citations

                    
	
                            1 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
The collective behaviour of a many-body system near a continuous phase transition is insensitive to the details of its microscopic physics; for example, thermodynamic observables follow generalized scaling laws near the phase transition1. The Berezinskiiâ€“Kosterlitzâ€“Thouless (BKT) phase transition2,3 in two-dimensional Bose gases presents a particularly interesting case because the marginal dimensionality and intrinsic scaling symmetry4 result in a broad fluctuation regime and an extended range of universal scaling behaviour. Studies of the BKT transition in cold atoms have stimulated great interest in recent years5,6,7,8,9,10, but a clear demonstration of critical behaviour near the phase transition has remained elusive. Here we report in situ density and density-fluctuation measurements of two-dimensional Bose gases of caesium at different temperatures and interaction strengths, observing scale-invariant, universal behaviours. The extracted thermodynamic functions confirm the existence of a wide universal region near the BKT phase transition, and provide a sensitive test of the universality predicted by classical-field theory11,12 and quantum Monte Carlo calculations13. Our experimental results provide evidence for growing densityâ€“density correlations in the fluctuation region, and call for further explorations of universal phenomena in classical and quantum critical physics.
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                    Figure 1: 
                        Illustration of scale invariance and universality in 2D quantum gases.
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Figure 2: 
                        Scale invariance of density and its fluctuation.
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Figure 3: 
                        Universal behaviour near the BKT critical point.
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Figure 4: 
                        Fluctuation versus compressibility.
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