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            Abstract
Neptune has five narrow ring arcs, spanning about 40 degrees in longitude, which are apparently confined against the rapid azimuthal and radial spreading that normally results from inter-particle collisions. A gravitational resonance based on the vertical motion of the nearby neptunian moon Galatea was proposed1,2 to explain the trapping of the ring particles into a sequence of arcs. But recent observations3,4 have indicated that the arcs are away from the resonance, leaving their stability again unexplained. Here we report that a resonance based on Galatea's eccentricity is responsible for the angular confinement of the arcs. The mass of the arcs affects the precession of Galatea's eccentric orbit, which will enable a mass estimate from future observations of Galatea's eccentricity.




            
                
                    

    
        
            
                
                Access through your institution
            
        

        
            
                
                    Buy or subscribe
                
            

        
    



                
            


            
                
                    
                

            

            
                
                
                
                
                    
                        This is a preview of subscription content, access via your institution

                    

                    
                

                

                Access options

                


                
                    
                        
                            

    
        
            
                
                Access through your institution
            
        

        
    



                        

                        

    
        
        

        
        
            
                
                Access through your institution
            
        

        
            
                Change institution
            
        

        
        
            
                Buy or subscribe
            
        

        
    



                    
                

                
    
    Subscribe to this journal
Receive 51 print issues and online access
$199.00 per year
only $3.90 per issue

Learn more


Rent or buy this article
Prices vary by article type
from$1.95
to$39.95
Learn more


Prices may be subject to local taxes which are calculated during checkout



  

    
    
        
    Additional access options:

    	
            Log in
        
	
            Learn about institutional subscriptions
        
	
            Read our FAQs
        
	
            Contact customer support
        



    

                
                    Figure 1: The motions of arc particles around Neptune.[image: ]


Figure 2: The effect of ring mass on the resonance location.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A dense ring of the trans-Neptunian object Quaoar outside its Roche limit
                                        
                                    

                                    
                                        Article
                                        
                                         08 February 2023
                                    

                                

                                B. E. Morgado, B. Sicardy, â€¦ J. de Wit

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Resonance locking in giant planets indicated by the rapid orbital expansion of Titan
                                        
                                    

                                    
                                        Article
                                        
                                         08 June 2020
                                    

                                

                                ValÃ©ry Lainey, Luis Gomez Casajus, â€¦ Qingfeng Zhang

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        The Radcliffe Wave is oscillating
                                        
                                    

                                    
                                        Article
                                        
                                         20 February 2024
                                    

                                

                                Ralf Konietzka, Alyssa A. Goodman, â€¦ NÃºria Miret-Roig

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Goldreich, P., Tremaine, S. & Borderies, N. Towards a theory for Neptune's arc rings. Astron. J. 92, 490â€“494 (1986)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Porco, C. An explanation for Neptune's ring arcs. Science 400, 995â€“1001 (1991)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Dumas, C. et al. Stability of Neptune's arcs in question. Nature 400, 733â€“735 (1999)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Sicardy, B. et al. Images of Neptune's ring arcs obtained by a ground-based telescope. Nature 400, 731â€“733 (1999)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Dumas, C. et al. Astrometry and near infra-red photometry of Neptune's inner satellites and ring arcs. Astron. J. (in the press)

	Nicholson, P. D., Mosquiera, I. & Matthews, K. Stellar occultation observations of Neptune's rings: 1984â€“1988. Icarus 113, 295â€“330 (1995)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Owen, W. M., Vaughan, R. M. & Synnott, S. P. Orbits of the six new satellites of Neptune. Astron. J. 101, 1511â€“1515 (1991)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Porco, C. et al. in Neptune and Triton (ed. Cruikshank, D. P.) 703â€“804 (Univ. Arizona Press, Tucson, 1995)

                    Google ScholarÂ 
                

	Smith, B. A. et al. Voyager 2 and Neptune: Imaging science results. Science 246, 1422â€“1449 (1989)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Colwell, J. E. & Esposito, L. W. A model for dust production for Neptune's ring system. Geophys. Res. Lett. 17, 1741â€“1744 (1990)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Colwell, J. E. & Esposito, L. W. Origin of the rings of Neptune and Uranus: II Initial conditions and ring moon population. J. Geophys. Res. 98, 7387â€“7401 (1993)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Goldreich, P. & Tremaine, S. The dynamics of planetary rings. Annu. Rev. Astron. Astrophys. 20, 249â€“283 (1982)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Namouni, F. Ringlet-satellite interactions. Mon. Not. R. Astron. Soc. 300, 915â€“930 (1998)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Horanyi, M. & Porco, C. Where exactly are the arcs of Neptune? Icarus 106, 525â€“535 (1993)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	HÃ¤nninen, J. & Porco, C. Collisional simulations of Neptune's ring arcs. Icarus 126, 1â€“27 (1997)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Lissauer, J. J. Shepherding model for Neptune's arc ring. Nature 318, 544â€“545 (1985)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
We thank C. Dumas and P. Nicholson for reviews and B. Bottke, R. Canup, M. Evans, P. Goldreich, D. Hamilton, D. Nesvorny, J. Peterson, H. Throop and B. Ward for discussions. We acknowledge support from Southwest Research Institute's Internal Research Grant programme and NASA's Planetary Geology and Geophysics Discipline programme.


Author information
Authors and Affiliations
	Southwest Research Institute, Boulder, 1050 Walnut Street, Colorado, 80302, USA
Fathi NamouniÂ &Â Carolyn Porco


Authors	Fathi NamouniView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Carolyn PorcoView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Fathi Namouni.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
Namouni, F., Porco, C. The confinement of Neptune's ring arcs by the moon Galatea.
                    Nature 417, 45â€“47 (2002). https://doi.org/10.1038/417045a
Download citation
	Received: 26 November 2001

	Accepted: 28 February 2002

	Issue Date: 02 May 2002

	DOI: https://doi.org/10.1038/417045a


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

                
                    	
                            
                                
                                    
                                        Science Goals and Mission Objectives for the Future Exploration of Ice Giants Systems: A Horizon 2061 Perspective
                                    
                                

                            
                                
                                    	Michel Blanc
	Kathleen Mandt
	Olivier Witasse


                                
                                Space Science Reviews (2021)

                            
	
                            
                                
                                    
                                        Circumplanetary Dust Populations
                                    
                                

                            
                                
                                    	Frank Spahn
	Manuel Sachse
	MihÃ¡ly HorÃ¡nyi


                                
                                Space Science Reviews (2019)

                            
	
                            
                                
                                    
                                        Phase-space volume of regions of trapped motion: multiple ring components and arcs
                                    
                                

                            
                                
                                    	Luis Benet
	Olivier Merlo


                                
                                Celestial Mechanics and Dynamical Astronomy (2009)

                            
	
                            
                                
                                    
                                        Strands and braids in narrow planetary rings: a scattering system approach
                                    
                                

                            
                                
                                    	Olivier Merlo
	Luis Benet


                                
                                Celestial Mechanics and Dynamical Astronomy (2007)

                            
	
                            
                                
                                    
                                        Dynamics and Composition of Rings
                                    
                                

                            
                                
                                    	Bruno Sicardy


                                
                                Space Science Reviews (2005)

                            


                

            

        
    

            
                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
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            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: ]
