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            Abstract
The majority of the accreting supermassive black holes in the Universe are obscured by large columns of gas and dust1,2,3. The location and evolution of this obscuring material have been the subject of intense research in the past decades4,5, and are still debated. A decrease in the covering factor of the circumnuclear material with increasing accretion rates has been found by studies across the electromagnetic spectrum1,6,7,8. The origin of this trend may be driven by the increase in the inner radius of the obscuring material with incident luminosity, which arises from the sublimation of dust9; by the gravitational potential of the black hole10; by radiative feedback11,12,13,14; or by the interplay between outflows and inflows15. However, the lack of a large, unbiased and complete sample of accreting black holes, with reliable information on gas column density, luminosity and mass, has left the main physical mechanism that regulates obscuration unclear. Here we report a systematic multi-wavelength survey of hard-X-ray-selected black holes that reveals that radiative feedback on dusty gas is the main physical mechanism that regulates the distribution of the circumnuclear material. Our results imply that the bulk of the obscuring dust and gas is located within a few to tens of parsecs of the accreting supermassive black hole (within the sphere of influence of the black hole), and that it can be swept away even at low radiative output rates. The main physical driver of the differences between obscured and unobscured accreting black holes is therefore their mass-normalized accretion rate.
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                    Figure 1: Relation between the fraction of obscured AGN and the Eddington ratio.[image: ]


Figure 2: Relation between the fraction of obscured AGN and the luminosity for different ranges of the Eddington ratio.[image: ]


Figure 3: Eddington ratioâ€“column density diagram.[image: ]


Figure 4: Radiation-regulated unification of AGN.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Eddington ratio distribution for different classes of AGN.
aâ€“c, Histograms of Î»Edd for unobscured (NHâ€‰<â€‰1022 cmâˆ’2; a), obscured Compton-thin (1022 cmâˆ’2â€‰â‰¤â€‰NHâ€‰<â€‰1024 cmâˆ’2; b) and Compton-thick (NHâ€‰â‰¥â€‰1024 cmâˆ’2; c) AGN. The vertical red dashed lines show the median values for the different subsets of sources.


Extended Data Figure 2 Eddington ratio versus X-ray luminosity and black hole mass.
a, b, Scatter plots of Î»Edd versus the 2â€“10-keV intrinsic luminosity (L2â€“10; a) and the black hole mass (MBH; b) for unobscured (NHâ€‰â‰¤â€‰1022 cmâˆ’2; black open diamonds), obscured (1022 cmâˆ’2â€‰â‰¤â€‰NHâ€‰<â€‰1024 cmâˆ’2; red filled circles) and Compton-thick (NHâ€‰â‰¥â€‰1024 cmâˆ’2; blue filled squares) AGN. The black dashed lines represent values for constant mass (a) and luminosity (b).


Extended Data Figure 3 Fraction of obscured sources versus luminosity.
Fraction of obscured Compton-thin sources versus the intrinsic 14â€“150-keV luminosities for the non-blazar AGN of the Swift/BAT 70-month catalogue. The fraction of obscured sources is normalized in the NHâ€‰=â€‰1020â€“1024 cmâˆ’2 range. The filled area represents the 16th and 84th quantiles of a binomial distribution20.


Extended Data Figure 4 Fraction of obscured sources versus Î»Edd for two ranges of luminosity and black hole mass.
a, b, Fraction of obscured Compton-thin sources versus Eddington ratio for two bins of the 14â€“150-keV intrinsic luminosity (a) and of the black hole mass (b). The dashed vertical lines represent the effective Eddington limit for dusty gas with NHâ€‰=â€‰1022 cmâˆ’2 ([image: ]) and NHâ€‰=â€‰1023 cmâˆ’2 ([image: ]). The plots are normalized to unity in the interval 20â‰¤ log[NH (cmâˆ’2)]â€‰<â€‰24, and the shaded areas represent the 16th and 84th quantiles of a binomial distribution20. The same trend found for the whole sample is obtained when looking at different bins of L14â€“150 and MBH, confirming that the Eddington ratio is the main parameter driving obscuration.


Extended Data Figure 5 Relation between the fraction of obscured AGN and the Eddington ratio assuming different bolometric corrections.
a, b, The bolometric corrections used are dependent on the bolometric luminosity (a; blue111 and red108 lines) and on the Eddington ratio (b; blue112 and red108 lines). The shaded areas represent the 16th and 84th quantiles of a binomial distribution20. The figure shows that our results are mostly independent on the choice of the bolometric correction.


Extended Data Figure 6 Median value of the column density versus Eddington ratio for AGN with 20â€‰â‰¤â€‰log[NH (cmâˆ’2)]â€‰â‰¤â€‰24.
The plot highlights the sharp transition at log(Î»Edd)â€‰â‰ˆâ€‰âˆ’1.5 between AGN being typically obscured to unobscured. The filled area shows the median absolute deviation. The dashed vertical lines represent the effective Eddington limit for a dusty gas with NHâ€‰=â€‰1022 cmâˆ’2 ([image: ]) and NH =â€‰1023 cmâˆ’2 ([image: ]) for standard dust grain composition of the interstellar medium, showing that radiation pressure regulates the median column density of AGN.


Extended Data Figure 7 Median value of the column density versus Eddington ratio for different luminosity and black hole mass ranges.
a, b, Same as Extended Data Fig. 6 but for two different ranges of the intrinsic 14â€“150-keV luminosity (a; in erg sâˆ’1) and black hole mass (b; in MâŠ™). The filled areas represent the median absolute deviations. The dashed vertical lines represent the effective Eddington limit for dusty gas with NHâ€‰=â€‰1022 cmâˆ’2 ([image: ]) and NH =â€‰1023 cmâˆ’2 ([image: ]) for standard dust grain composition of the interstellar medium.


Extended Data Table 1 Intrinsic fraction of sources with a given column density in different ranges of Î»EddFull size table





PowerPoint slides
PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3

PowerPoint slide for Fig. 4




Source data
Source data to Fig. 1

Source data to Fig. 2

Source data to Fig. 3

Source data to Fig. 4




Rights and permissions
Reprints and permissions


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



Cite this article
Ricci, C., Trakhtenbrot, B., Koss, M. et al. The close environments of accreting massive black holes are shaped by radiative feedback.
                    Nature 549, 488â€“491 (2017). https://doi.org/10.1038/nature23906
Download citation
	Received: 12 May 2017

	Accepted: 04 August 2017

	Published: 28 September 2017

	Issue Date: 28 September 2017

	DOI: https://doi.org/10.1038/nature23906


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

                
                    	
                            
                                
                                    
                                        Changing-look active galactic nuclei
                                    
                                

                            
                                
                                    	Claudio Ricci
	Benny Trakhtenbrot


                                
                                Nature Astronomy (2023)

                            
	
                            
                                
                                    
                                        Frontiers in accretion physics at high X-ray spectral resolution
                                    
                                

                            
                                
                                    	P. Gandhi
	T. Kawamuro
	Y. Ueda


                                
                                Nature Astronomy (2022)

                            
	
                            
                                
                                    
                                        Athena synergies in the multi-messenger and transient universe
                                    
                                

                            
                                
                                    	Luigi Piro
	Markus Ahlers
	Hendrik van Eerten


                                
                                Experimental Astronomy (2022)

                            
	
                            
                                
                                    
                                        Star formation and nuclear activity in luminous infrared galaxies: an infrared through radio review
                                    
                                

                            
                                
                                    	Miguel PÃ©rez-Torres
	Seppo Mattila
	Andreas Efstathiou


                                
                                The Astronomy and Astrophysics Review (2021)

                            
	
                            
                                
                                    
                                        Ionized outflows from active galactic nuclei as the essential elements of feedback
                                    
                                

                            
                                
                                    	Sibasish Laha
	Christopher S. Reynolds
	Daniel Proga


                                
                                Nature Astronomy (2020)

                            


                

            

        
    

            
                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
            
        

        
    



            

        
    


    
        Editorial Summary
Cleaning up the neighbourhood
Most supermassive black holes that are accreting material, and are thereby 'active', are obscured by gas and dust. However, a decrease in obscuration with increasing accretion has been observed in several previous studies, but the origin of the relationship has been unclear. Claudio Ricci and colleagues have determined that radiation pressure on the dust and gas is the explanation. This means that most of the obscuring material is located within a few to a few tens of parsecs of the black hole. They conclude that the differences between obscured and unobscured black holes are driven by the mass-normalized accretion rate of the black hole.

show all

    

    
    
        
            
                Associated content

                
                    
                        
                            
                                Collection

                                
                                    AGN outflows & feedback
                                

                            
                        

                    
                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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: ]
