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            Abstract
The binary neutron-star merger GW1708171 was accompanied by radiation across the electromagnetic spectrum2 and localized2 to the galaxy NGCÂ 4993 at a distance3 of about 41 megaparsecs from Earth. The radio and X-ray afterglows of GW170817 exhibited delayed onset4,5,6,7, a gradual increase8 in the emission with time (proportional to t0.8) to a peak about 150 days after the merger event9, followed by a relatively rapid decline9,10. So far, various models have been proposed to explain the afterglow emission, including a choked-jet cocoon4,8,11,12,13 and a successful-jet cocoon4,8,11,12,13,14,15,16,17,18 (also called a structured jet). However, the observational data have remained inconclusive10,15,19,20 as to whether GW170817 launched a successful relativistic jet. Here we report radio observations using very long-baseline interferometry. We find that the compact radio source associated with GW170817 exhibits superluminal apparent motion between 75 days and 230 days after the merger event. This measurement breaks the degeneracy between the choked- and successful-jet cocoon models and indicates that, although the early-time radio emission was powered by a wide-angle outflow8 (a cocoon), the late-time emission was most probably dominated by an energetic and narrowly collimated jet (with an opening angle of less than five degrees) and observed from a viewing angle of about 20 degrees. The imaging of a collimated relativistic outflow emerging from GW170817 adds substantial weight to the evidence linking binary neutron-star mergers and short Î³-ray bursts.
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                    Fig. 1: Proper motion of the radio counterpart of GW170817.[image: ]


Fig. 2: Radio, 3-GHz light curves of several representative simulated models.[image: ]


Fig. 3: Synthetic radio images.[image: ]


Fig. 4: Schematic of the physical and geometric parameters derived for GW170817.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 VLBI images.
a, b, The cleaned images (natural weighting; 0.2 mas pixelâˆ’1) from the two epochs of VLBI, 75 days (a) and 230 days (b) post-merger. The centre coordinates for these images are RAâ€‰=â€‰13Â hÂ 09Â minÂ 48.069Â s, dec.â€‰=â€‰âˆ’23Â°Â 22â€²Â 53.39â€². The black contours are at 11, 22 and 44 Î¼Jy beamâˆ’1 in both images (red dashed contour is âˆ’11 Î¼Jy beamâˆ’1). The peak flux density of the sources is 58â€‰Â±â€‰5 Î¼Jy beamâˆ’1 (a) and 48â€‰Â±â€‰6 Î¼Jy beamâˆ’1 (b) (image root-mean-square noise quoted as the 1Ïƒ uncertainty). The ellipse in the lower left corner of each panel shows the synthesized beam: (12.4, 2.2, âˆ’7) and (9.1, 3.2, âˆ’4) for the two epochs (major axis in mas, minor axis in mas, position angle in degrees).


Extended Data Fig. 2 VLBI astrometric accuracy.
a, b, The VLBI positions of GW170817 (a, relative to the best-fit position at day 75) and the low-luminosity active galactic nucleus in NGC 4993 (b, relative to the previously derived position using VLBA-only observations). The individual observations of GW170817 have very low signal-to-noise ratio and hence large errors; the moderately discrepant measurement on day 72 has the lowest signal-to-noise ratio and was affected by observing issues at the GBT. The NGC 4993 positions do not show any significant systematic position shifts between the two epochs, and are consistent with our estimated systematic position uncertainties of 0.15Â mas in RA and 0.5Â mas in dec. The root-mean-square variation in the position of the nucleus of NGCÂ 4993 over our seven individual observations (0.14Â mas in RA and 0.49Â mas in dec.) is shown as a dotted ellipse in b. All error bars and uncertainties quoted are 1Ïƒ.


Extended Data Table 1 Log of VLBI (HSA) observationsFull size table


Extended Data Table 2 The initial set-ups of models Aâ€“DFull size table





Rights and permissions
Reprints and permissions


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



Cite this article
Mooley, K.P., Deller, A.T., Gottlieb, O. et al. Superluminal motion of a relativistic jet in the neutron-star merger GW170817.
                    Nature 561, 355â€“359 (2018). https://doi.org/10.1038/s41586-018-0486-3
Download citation
	Received: 19 June 2018

	Accepted: 07 August 2018

	Published: 05 September 2018

	Issue Date: 20 September 2018

	DOI: https://doi.org/10.1038/s41586-018-0486-3


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
                        


Keywords
	Very Long Baseline Interferometry (VLBI)
	Binary Neutron Star Mergers
	VLBI Data
	Very Long Baseline Array (VLBA)
	Fourth Epoch







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        A large-scale magnetic field produced by a solar-like dynamo in binary neutron star mergers
                                    
                                

                            
                                
                                    	Kenta Kiuchi
	Alexis Reboul-Salze
	Yuichiro Sekiguchi


                                
                                Nature Astronomy (2024)

                            
	
                            
                                
                                    
                                        Turbulence modelling in neutron star merger simulations
                                    
                                

                            
                                
                                    	David Radice
	Ian Hawke


                                
                                Living Reviews in Computational Astrophysics (2024)

                            
	
                            
                                
                                    
                                        Spherical symmetry in the kilonova AT2017gfo/GW170817
                                    
                                

                            
                                
                                    	Albert Sneppen
	Darach Watson
	Stuart Sim


                                
                                Nature (2023)

                            
	
                            
                                
                                    
                                        Optical superluminal motion measurement in the neutron-star merger GW170817
                                    
                                

                            
                                
                                    	Kunal P. Mooley
	Jay Anderson
	Wenbin Lu


                                
                                Nature (2022)

                            
	
                            
                                
                                    
                                        Recent advances in the study of the prompt emission of gamma-ray bursts
                                    
                                

                            
                                
                                    	SHABNAM IYYANI


                                
                                Journal of Astrophysics and Astronomy (2022)

                            


                

            

        
    

            
                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

                
                    
                    
                        
                            
    
        
            
                
                    Zooming in on a neutron-star merger jet
                

                
	Alexander J. van der Horst



                
    
        
            Nature Astronomy
        
        News & Views
        
        
            02 Oct 2018
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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: ]
