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            Abstract
The broadening of atomic emission lines by high-velocity motion of gas near accreting supermassive black holes is an observational hallmark of quasars1. Observations of broad emission lines could potentially constrain the mechanism for transporting gas inwards through accretion disks or outwards through winds2. The size of regions for which broad emission lines are observed (broad-line regions) has been estimated by measuring the delay in light travel time between the variable brightness of the accretion disk  continuum and the emission lines3—a method known as reverberation mapping. In some models the emission lines arise from a continuous outflow4, whereas in others they arise from orbiting gas clouds5. Directly imaging such regions has not hitherto been possible because of their small angular size (less than 10−4 arcseconds3,6). Here we report a spatial offset (with a spatial resolution of 10−5 arcseconds, or about 0.03 parsecs for a distance of 550 million parsecs) between the red and blue photo-centres of the broad Paschen-α line of the quasar 3C 273 perpendicular to the direction of its radio jet. This spatial offset corresponds to a gradient in the velocity of the gas and thus implies that the gas is orbiting the central supermassive black hole. The data are well fitted by a broad-line-region model of a thick disk of gravitationally bound material orbiting a black hole of 3 × 108 solar masses. We infer a disk radius of 150 light days; a radius of 100–400 light days was found previously using reverberation mapping7,8,9. The rotation axis of the disk aligns in inclination and position angle with the radio jet. Our results support the methods that are often used to estimate the masses of accreting supermassive black holes and to study their evolution over cosmic time.
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                    Fig. 1: Main observational and modelling results.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Differential phases and u–v coverage.
a, Differential phase curves (coloured points with 1σ error bars) on the six VLTI baselines (rows) at four epochs (columns) and time-averaged 3C 273 Paα line profile (black points, identical in each panel). The best-fitting BLR model to all data are shown as solid lines. b, u–v coverage for all of our data (in units of millions of λ, Mλ), with observed points (in colour) mirrored in grey. Note the close alignment between all baselines, particularly those without UT4, with the position angle of the large-scale radio jet of 3C 273.


Extended Data Fig. 2 Observed centroid positions in several wavelength channels.
Best-fitting centroids to the differential phase data in each wavelength channel are shown as in Fig. 1, but with contour ellipses containing 68% of the probability density. In addition, the extremal points to the blue (on the jet axis) and red are not shown in Fig. 1, because of their larger errors. Given the relatively low signal-to-noise ratio in each channel, we cannot measure the radial velocity as a function of position (for example, the rotation curve). ΔDec, declination offset; ΔRA, right ascension offset.


Extended Data Fig. 3 Corner plot of the BLR model parameters.
One- and two-dimensional probability density distributions from fitting the seven-parameter BLR model to the spectral line profile and differential phase data for 3C 273 obtained from GRAVITY. The blue points show the parameter values at which the highest likelihood was obtained, the dashed lines in the one-dimensional distributions are the 5% and 95% quantiles, and contours are at 1σ, 2σ and 3σ.


Extended Data Fig. 4 Additional BLR size constraints.
We averaged the differential visibility amplitude (blue, ‘visamp’) for 3C 273 over all epochs and between the two longest baselines (UT4-1 and UT3-1). Error bars are 1σ. The amplitude increases at the spectral line (black), demonstrating that the hot dust continuum (which has a radius of about 150 μas) is much larger in size than the BLR. This result rules out a previous claim of a large region size in 3C 27312, and is consistent with the compact size (RBLR ≈ 50 μas) that we find independently from modelling interferometric phase and spectral-line data.


Extended Data Table 1 GRAVITY data used for this workFull size table





Source data
Source Data Fig. 1




Rights and permissions
Reprints and permissions


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



Cite this article
GRAVITY Collaboration. Spatially resolved rotation of the broad-line region of a quasar at sub-parsec scale.
                    Nature 563, 657–660 (2018). https://doi.org/10.1038/s41586-018-0731-9
Download citation
	Received: 24 July 2018

	Accepted: 01 October 2018

	Published: 28 November 2018

	Issue Date: 29 November 2018

	DOI: https://doi.org/10.1038/s41586-018-0731-9


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
	Broad Line Region
	Reverberation Mapping
	Central Supermassive Black Hole
	Very Large Telescope Interferometer (VLTI)
	Differential Phase







            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        The accretion of a solar mass per day by a 17-billion solar mass black hole
                                    
                                

                            
                                
                                    	Christian Wolf
	Samuel Lai
	Rachel L. Webster


                                
                                Nature Astronomy (2024)

                            
	
                            
                                
                                    
                                        Science with a Small Two-Band UV-Photometry Mission III: Active Galactic Nuclei and Nuclear Transients
                                    
                                

                            
                                
                                    	M. Zajaček
	B. Czerny
	J. Krtička


                                
                                Space Science Reviews (2024)

                            
	
                            
                                
                                    
                                        A dynamical measure of the black hole mass in a quasar 11 billion years ago
                                    
                                

                            
                                
                                    	R. Abuter
	F. Allouche
	G. Zins


                                
                                Nature (2024)

                            
	
                            
                                
                                    
                                        Jets in radio galaxies and quasars: an observational perspective
                                    
                                

                            
                                
                                    	D. J. Saikia


                                
                                Journal of Astrophysics and Astronomy (2022)

                            
	
                            
                                
                                    
                                        OWL-Moon: Very high resolution spectropolarimetric interferometry and imaging from the Moon: exoplanets to cosmology
                                    
                                

                            
                                
                                    	Jean Schneider
	Joseph Silk
	Farrokh Vakili


                                
                                Experimental 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
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            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 — 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: ]
