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            Abstract
In transport experiments, the quantum nature of matter becomes directly evident when changes in conductance occur only in discrete steps1, with a size determined solely by Planckâ€™s constant h. Observations of quantized steps in electrical conductance2,3 have provided important insights into the physics of mesoscopic systems4 and have allowed the development of quantum electronic devices5. Even though quantized conductance should not rely on the presence of electric charges, it has never been observed for neutral, massive particles6. In its most fundamental form, it requires a quantum-degenerate Fermi gas, a ballistic and adiabatic transport channel, and a constriction with dimensions comparable to the Fermi wavelength. Here we report the observation of quantized conductance in the transport of neutral atoms driven by a chemical potential bias. The atoms are in an ultraballistic regime, where their mean free path exceeds not only the size of the transport channel, but also the size of the entire system, including the atom reservoirs. We use high-resolution lithography to shape light potentials that realize either a quantum point contact or a quantum wire for atoms. These constrictions are imprinted on a quasi-two-dimensional ballistic channel connecting the reservoirs7. By varying either a gate potential or the transverse confinement of the constrictions, we observe distinct plateaux in the atom conductance. The conductance in the first plateau is found to be equal to the universal conductance quantum, 1/h. We use Landauerâ€™s formula to model our results and find good agreement for low gate potentials, with all parameters determined a priori. Our experiment lets us investigate quantum conductors with wide control not only over the channel geometry, but also over the reservoir properties, such as interaction strength, size and thermalization rate.
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                    Figure 1: An atomic QPC.


Figure 2: Conductance as a function of gate potential.


Figure 3: Conductance as a function of horizontal confinement.


Figure 4: Quantum wire: conductance as a function of gate potential.
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Extended data figures and tables

Extended Data Figure 1 Distribution of timescales in the reservoirs.
The corresponding physical phenomena are indicated on the time line. The meanings of the different notations are defined in the text.


Extended Data Figure 2 Conductance as a function of gate potential for non-interacting reservoirs.
Filled magenta squares correspond to a scattering length of a = âˆ’4a0, whereas open blue circles represent a reference data set for weakly interacting reservoirs, where a = âˆ’187a0. Each data point is the mean of nine measurements, and error bars indicate one standard deviation. The black line is a theoretical prediction based on the Landauer formula of conductance, and the shaded region reflects the uncertainties in the input parameters.

                          Source data
                        


Extended Data Figure 3 Illustration of the adiabaticity criterion.
Transverse energy level spacing Î”Ï‰x = Î”Ex /h along the tightly confined QPC direction (solid red line), and corresponding temporal change in the ground-state trapping frequency in the moving frame of the atoms  as a function of position along the QPC for the three possible values of nz when q = 3 modes are populated.


Extended Data Figure 4 Conductance of the 2D region and of the QPC as a function of gate potential.
a, Conductance G2D as a function of gate potential in the absence of the QPC. The solid line is a linear fit to the data. b, Conductance GQPC of the QPC only, when considering the contact resistances of the 2D confinement as series resistors to the QPC. The data set, colour code, solid line and shaded region are the same as in Extended Data Fig. 2. Error bars are obtained by propagating the errors in G and G2D.

                          Source data
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        Editorial Summary
Quantized conductance in neutral, massive particles
In classical transport theory, a system can adopt any conductance. But in the quantum regime, only discrete steps in the conductance are allowed. This phenomenon, which has been observed in systems with electric charges like metallic junctions or high-mobility electric gases, can conveniently be described using a theory devised by Rolf Landauer in 1957. Tilman Esslinger and colleagues demonstrate quantized conductance in the Landauer regime for neutral matter using a cold atomic gas. In their experiment, a cigar-shaped degenerate fermionic gas is split into two reservoirs connected by a two-dimensional channel, with a quantum point contact that is lithographically projected onto the channel. The high level of control in this cold atomic gas setup allows for tuning crucial parameters including interaction strength and thermalization and might be useful to study exotic phenomena like topological edge states in the future.

show all

    

    
    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                
        

    


                        

                    

                

            

            

            

        

    






    
        
            
                Explore content

                	
                                
                                    Research articles
                                
                            
	
                                
                                    News
                                
                            
	
                                
                                    Opinion
                                
                            
	
                                
                                    Research Analysis
                                
                            
	
                                
                                    Careers
                                
                            
	
                                
                                    Books & Culture
                                
                            
	
                                
                                    Podcasts
                                
                            
	
                                
                                    Videos
                                
                            
	
                                
                                    Current issue
                                
                            
	
                                
                                    Browse issues
                                
                            
	
                                
                                    Collections
                                
                            
	
                                
                                    Subjects
                                
                            


                	
                            Follow us on Facebook
                            
                        
	
                            Follow us on Twitter
                            
                        
	
                            
                                Subscribe
                            
                        
	
                            Sign up for alerts
                            
                        
	
                            
                                RSS feed
                            
                        


            

        
    
    
        
            
                
                    About the journal

                    	
                                
                                    Journal Staff
                                
                            
	
                                
                                    About the Editors
                                
                            
	
                                
                                    Journal Information
                                
                            
	
                                
                                    Our publishing models
                                
                            
	
                                
                                    Editorial Values Statement
                                
                            
	
                                
                                    Journal Metrics
                                
                            
	
                                
                                    Awards
                                
                            
	
                                
                                    Contact
                                
                            
	
                                
                                    Editorial policies
                                
                            
	
                                
                                    History of Nature
                                
                            
	
                                
                                    Send a news tip
                                
                            


                

            
        

        
            
                
                    Publish with us

                    	
                                
                                    For Authors
                                
                            
	
                                
                                    For Referees
                                
                            
	
                                
                                    Language editing services
                                
                            
	
                                Submit manuscript
                                
                            


                

            
        
    



    
        Search

        
            Search articles by subject, keyword or author
            
                
                    
                

                
                    
                        Show results from
                        All journals
This journal


                    

                    
                        Search
                    

                


            

        


        
            
                Advanced search
            
        


        Quick links

        	Explore articles by subject
	Find a job
	Guide to authors
	Editorial policies


    





        
    
        
            

            
                
                    Nature (Nature)
                
                
    
    
        ISSN 1476-4687 (online)
    
    


                
    
    
        ISSN 0028-0836 (print)
    
    

            

        

    




    
        
    nature.com sitemap

    
        
            
                About Nature Portfolio

                	About us
	Press releases
	Press office
	Contact us


            


            
                Discover content

                	Journals A-Z
	Articles by subject
	Protocol Exchange
	Nature Index


            


            
                Publishing policies

                	Nature portfolio policies
	Open access


            


            
                Author & Researcher services

                	Reprints & permissions
	Research data
	Language editing
	Scientific editing
	Nature Masterclasses
	Research Solutions


            


            
                Libraries & institutions

                	Librarian service & tools
	Librarian portal
	Open research
	Recommend to library


            


            
                Advertising & partnerships

                	Advertising
	Partnerships & Services
	Media kits
                    
	Branded
                        content


            


            
                Professional development

                	Nature Careers
	Nature 
                        Conferences


            


            
                Regional websites

                	Nature Africa
	Nature China
	Nature India
	Nature Italy
	Nature Japan
	Nature Korea
	Nature Middle East


            


        

    

    
        	Privacy
                Policy
	Use
                of cookies
	
                Your privacy choices/Manage cookies
                
            
	Legal
                notice
	Accessibility
                statement
	Terms & Conditions
	Your US state privacy rights


    





        
    
        
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    
                    Sign up for the Nature Briefing newsletter â€” what matters in science, free to your inbox daily.

                

                
                    
                        
                        

                        
                        
                        
                        

                        Email address

                        
                            
                            
                            
                            Sign up
                        


                        
                            
                            I agree my information will be processed in accordance with the Nature and Springer Nature Limited Privacy Policy.
                        

                    

                

            


        


    

    
    

        

    
        
            

Close
    



        
            Get the most important science stories of the day, free in your inbox.
            Sign up for Nature Briefing
            
        


    









    








