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            Abstract
In high-energy and condensed-matter physics, particle exchange has an essential role in the understanding of long-range interactions and correlations. For example, the exchange of massive bosons leads to the Yukawa potential1,2, and phonon exchange between electrons gives rise to Cooper pairing in superconductors3. Here we show that, when a Boseâ€“Einstein condensate of caesium atoms is embedded in a degenerate Fermi gas of lithium atoms, interspecies interactions can give rise to an effective trapping potential, damping, and attractive bosonâ€“boson interactions mediated by fermions. The latter, which is related to the Rudermanâ€“Kittelâ€“Kasuyaâ€“Yosida mechanism4, results from a coherent three-body scattering process. Such mediated interactions are expected to form new magnetic phases5 and supersolids6. We show that under suitable conditions, the mediated interactions can convert a stable Boseâ€“Einstein condensate into a train of â€˜Boseâ€“Fermi solitonsâ€™7,8. The predicted long-range nature of the mediated interactions opens up the possibility of correlating distant atoms and preparing new quantum phases.
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                    Fig. 1: Mediated interactions between bosonic atoms through exchange of fermionic atoms in a Fermi sea.[image: ]


Fig. 2: Dipole oscillations of a caesium BEC immersed in a lithium degenerate Fermi gas.[image: ]


Fig. 3: Bare and effective caesiumâ€“caesium scattering length.[image: ]


Fig. 4: Formation of Boseâ€“Fermi solitons.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Caesiumâ€“caesium and lithiumâ€“caesium scattering lengths over the studied magnetic field range.
The caesiumâ€“caesium scattering length aBB is shown with a blue line, and the lithiumâ€“caesium scattering length aBF with a red line. The interspecies Feshbach resonance near Bâ€‰=â€‰892 G is used for sample preparation and the effective trapping frequency measurements, indicated by the light green shaded area. The caesiumâ€“caesium zero crossing near Bâ€‰=â€‰880 G is used for the effective scattering length measurements, indicated by the blue shaded area. In this region, the lithiumâ€“caesium scattering length is nearly constant at aBFâ€‰=â€‰âˆ’60a0 (ref. 22).


Extended Data Fig. 2 Raw data for measurement of the difference in scattering length.
Top, Measured radius of the caesium BEC with (red circles) and without (blue circles) lithium. Bottom, Measured BEC number with (red circles) and without (blue circles) lithium. At every field, the size of the BEC with lithium present is smaller than the corresponding measurement without lithium. However, overall experimental drift makes absolute comparison difficult. Calibrating each measurement point-by-point as described enables us to extract the difference in scattering length cleanly, as can be seen in Fig.Â 3b. Error bars are calculated as the standard error of the mean from multiple measurements.





Rights and permissions
Reprints and permissions


About this article
[image: Check for updates. Verify currency and authenticity via CrossMark]       



Cite this article
DeSalvo, B.J., Patel, K., Cai, G. et al. Observation of fermion-mediated interactions between bosonic atoms.
                    Nature 568, 61â€“64 (2019). https://doi.org/10.1038/s41586-019-1055-0
Download citation
	Received: 31 August 2018

	Accepted: 30 January 2019

	Published: 03 April 2019

	Issue Date: 04 April 2019

	DOI: https://doi.org/10.1038/s41586-019-1055-0


Share this article
Anyone you share the following link with will be able to read this content:
Get shareable linkSorry, a shareable link is not currently available for this article.


Copy to clipboard

                            Provided by the Springer Nature SharedIt content-sharing initiative
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Mediated interactions between Fermi polarons and the role of impurity quantum statistics
                                    
                                

                            
                                
                                    	Cosetta Baroni
	Bo Huang
	Georg M. Bruun


                                
                                Nature Physics (2024)

                            
	
                            
                                
                                    
                                        Modelling quantum aspects of disruption of a white dwarf star by a black hole
                                    
                                

                            
                                
                                    	Tomasz Karpiuk
	Marek NikoÅ‚ajuk
	MirosÅ‚aw Brewczyk


                                
                                Scientific Reports (2021)

                            
	
                            
                                
                                    
                                        Effective p-wave Fermi-Fermi Interaction Induced by Bosonic Superfluids
                                    
                                

                            
                                
                                    	Yongzheng Wu
	Zheng Yan
	Yan Chen


                                
                                Scientific Reports (2020)

                            
	
                            
                                
                                    
                                        New interactions seen in an ultracold gas
                                    
                                

                            
                                
                                    	Georg M. Bruun


                                
                                Nature (2019)

                            


                

            

        
    

            
                Comments
By submitting a comment you agree to abide by our Terms and Community Guidelines. If you find something abusive or that does not comply with our terms or guidelines please flag it as inappropriate.



                
                    
                    

                

            
        





    
        

        
            
                

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



            

            
                

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    New interactions seen in an ultracold gas
                

                
	Georg M. Bruun



                
    
        
            Nature
        
        News & Views
        
        
            03 Apr 2019
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            Advertisement

                            
    
        
            
                [image: 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


    





        
    
        [image: Springer Nature]
    
    © 2024 Springer Nature Limited




    

    
    
    







    

    



    
    

        

    
        
            


Close
    



        

            
                
                    [image: Nature Briefing]
                    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
            
        


    









    [image: ]







[image: ]
