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            Abstract
Galaxies are believed to evolve through merging1, which should lead to some hosting multiple supermassive black holes2,3,4. There are four known triple black hole systems5,6,7,8, with the closest black hole pair being 2.4 kiloparsecs apart (the third component in this system is at 3 kiloparsecs)7, which is far from the gravitational sphere of influence (about 100 parsecs for a black hole with mass one billion times that of the Sun). Previous searches for compact black hole systems concluded that they were rare9, with the tightest binary system having a separation of 7 parsecs (ref. 10). Here we report observations of a triple black hole system at redshift z = 0.39, with the closest pair separated by about 140 parsecs and significantly more distant from Earth than any other known binary of comparable orbital separation. The effect of the tight pair is to introduce a rotationally symmetric helical modulation on the structure of the large-scale radio jets, which provides a useful way to search for other tight pairs without needing extremely high resolution observations. As we found this tight pair after searching only six galaxies, we conclude that tight pairs are more common than hitherto believed, which is an important observational constraint for low-frequency gravitational wave experiments11,12.
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                    Figure 1: VLBI and JVLA maps of the triple supermassive black hole system in J1502+1115.


Figure 2: Dual/binary AGN confirmed or discovered with direct imaging.


Figure 3: Projected separations of candidate triple AGN.
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Extended data figures and tables

Extended Data Figure 1 Radio spectrum of the radio components in J1502+1115.
Both J1502S (open red squares) and J1502P (grey squares) are steep-spectrum radio sources between 1.4 and 8 GHz, as measured by JVLA observations. The two flat spectrum cores (J1502SE/SW, filled circles) are the likely cause of the flattened spectrum of J1502S at higher frequency, as measured by the AMI 15.7 GHz detection labelled as J1502+1115 (AMI). Error bars, ± 1s.d. on the flux measurement. J1502+1115 (GMRT) indicates the 610 MHz detection using the GMRT (Methods). Note that J1502SE and J1502SW are shown marginally offset in frequency purely for clearer illustration.


Extended Data Figure 2 Larger field-of-view JVLA 5 GHz map of J1502+1115 to demonstrate map fidelity.
The colour scale shows the same JVLA 5 GHz residuals shown in Fig. 1c but with the full 128 × 128 pixel median map generated from the Monte Carlo realizations. The small filled red square indicates the map boundary of the VLBI map shown in Fig. 1a. The red cross denotes the centroid of the point source subtracted J1502P component. Contour levels are the same as in Fig. 1c. The grey ellipse (lower left) represents the FWHM of the Briggs-weighted (robust = 1) PSF, while the white dot shows the VLBI 5 GHz PSF.


Extended Data Figure 3 Zoom-in of the high-brightness-temperature inner jet emission of J1502S.
The colour scale shows the same JVLA 5 GHz residuals shown in Fig. 1c but imaged with Briggs uv-weighting (robust = 0) to highlight the position angle of the inner northeast J1502S jet. This is misaligned with the vector between J1502SE and J1502SW (red dots) by ∼45°. The black JVLA 5 GHz contours start at 60 μJy per beam (∼2σ) and increase in steps of 1σ. The grey ellipse (lower left) represents the FWHM of the Briggs-weighted (robust = 0) PSF, while the white ellipse shows the VLBI 5 GHz PSF. The red square indicates the map boundary of the VLBI map shown in Fig. 1a.
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Black holes get close in triplets
The discovery of a triple supermassive black hole system in a distant (redshift z = 0.39) galaxy provides a rare opportunity to observe what may be the result of galactic mergers. In the four known triple black hole systems, the smallest distance between a pair of black holes is 2.4 kiloparsecs, but the newly discovered triple system includes a 'tight pair' separated by around 140 parsecs. The authors show that the presence of the tight pair is imprinted onto the properties of the large-scale radio jets generated by the black holes, providing a useful way of searching for other tight pairs without the need for extremely high-resolution observations. Six candidate galaxies were surveyed in this study, a 'hit rate' that suggests that tight pairs are more common than was thought. Close-pair binaries are useful targets for gravitational wave studies, so the development of an efficient way of finding them, and the prospect of there being more of them, should stimulate interest in work on predicting the strength of gravitational waves and assist in their eventual detection.

show all

    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    A tight duo in a trio of black holes
                

                
	Greg Taylor



                
    
        
            Nature
        
        News & Views
        
        
            25 Jun 2014
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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 — 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
            
        


    









    








