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            Abstract
Active galactic nuclei and quasars are thought to be scaled-up versions of Galactic black hole binaries, powered by accretion onto supermassive black holes with masses of 106–109 [image: ], as opposed to the ∼10 [image: ] in binaries (here [image: ] is the solar mass). One example of the similarities between these two types of systems is the characteristic rapid X-ray variability seen from the accretion flow1. The power spectrum of this variability in black hole binaries consists of a broad noise with multiple quasi-periodic oscillations superimposed on it. Although the broad noise component has been observed in many active galactic nuclei2,3, there have hitherto been no significant detections of quasi-periodic oscillations4,5,6. Here we report the discovery of an ∼1-hour X-ray periodicity in a bright active galaxy, RE J1034+396. The signal is highly statistically significant (at the 5.6σ level) and very coherent, with quality factor Q > 16. The X-ray modulation arises from the direct vicinity of the black hole.
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                    Figure 1: 
                        XMM-Newton light curve of RE J1034+396.
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Figure 2: 
                        Folded light curve.
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Figure 3: 
                        Power spectral distribution.
                      [image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Nine-hour X-ray quasi-periodic eruptions from a low-mass black hole galactic nucleus
                                        
                                    

                                    
                                        Article
                                        
                                         11 September 2019
                                    

                                

                                G. Miniutti, R. D. Saxton, … B. Agís-González

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        X-ray quasi-periodic eruptions from two previously quiescent galaxies
                                        
                                    

                                    
                                        Article
                                         Open access
                                         28 April 2021
                                    

                                

                                R. Arcodia, A. Merloni, … A. Schwope

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        X-ray eruptions every 22 days from the nucleus of a nearby galaxy
                                        
                                    

                                    
                                        Article
                                        
                                         12 January 2024
                                    

                                

                                Muryel Guolo, Dheeraj R. Pasham, … Elizabeth C. Ferrara

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	McHardy, I. M., Koerding, E., Knigge, C., Uttley, P. & Fender, R. P. Active galactic nuclei as scaled-up Galactic black holes. Nature 444, 730–732 (2006)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Edelson, R. & Nandra, K. A cutoff in the X-ray fluctuation power density spectrum of the Seyfert 1 galaxy NGC 3516. Astrophys. J. 514, 682–690 (1999)
Article 
    ADS 
    
                    Google Scholar 
                

	Markowitz, A. et al. X-ray fluctuation power spectral densities of Seyfert 1 galaxies. Astrophys. J. 593, 96–114 (2003)
Article 
    ADS 
    
                    Google Scholar 
                

	Benlloch, S., Wilms, J., Edelson, R., Yaqoob, T. & Staubert, R. Quasi-periodic oscillation in Seyfert galaxies: Significance levels. The case of Markarian 766. Astrophys. J. 562, L121–L124 (2001)
Article 
    ADS 
    
                    Google Scholar 
                

	Vaughan, S. & Uttley, P. Where are the X-ray quasi-periodic oscillations in active galaxies? Mon. Not. R. Astron. Soc. 362, 235–244 (2005)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Vaughan, S. & Uttley, P. Detecting X-ray QPOs in active galaxies. Adv. Space Res. 38, 1405–1408 (2006)
Article 
    ADS 
    
                    Google Scholar 
                

	Boller, T., Brandt, W. N. & Fink, H. Soft X-ray properties of narrow-line Seyfert 1 galaxies. Astron. Astrophys. 305, 53–73 (1996)
ADS 
    
                    Google Scholar 
                

	Remillard, R. A. & McClintock, J. E. X-ray properties of black-hole binaries. Annu. Rev. Astron. Astrophys. 44, 49–92 (2006)
Article 
    ADS 
    
                    Google Scholar 
                

	Vaughan, S. A simple test for periodic signals in red noise. Astron. Astrophys. 431, 391–403 (2005)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Timmer, J. & Koenig, M. On generating power law noise. Astron. Astrophys. 300, 707–710 (1995)
ADS 
    
                    Google Scholar 
                

	Madejski, G. M. et al. Solving the mystery of the X-ray periodicity in the Seyfert galaxy NGC6814. Nature 365, 626–628 (1993)
Article 
    ADS 
    
                    Google Scholar 
                

	Verbunt, F., Bunk, W. H., Ritter, H. & Pfeffermann, E. Cataclysmic variables in the ROSAT PSPC all sky survey. Astron. Astrophys. 327, 602–613 (1997)
ADS 
    
                    Google Scholar 
                

	Bian, W. & Zhao, Y. Black hole masses in narrow-line Seyfert 1 galaxies. Mon. Not. R. Astron. Soc. 352, 823–827 (2004)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Kaspi, S. et al. Reverberation measurements for 17 quasars and the size-mass-luminosity relations in active galactic nuclei. Astrophys. J. 533, 631–649 (2000)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Tremaine, S. et al. The slope of the black hole mass versus velocity dispersion correlation. Astrophys. J. 574, 740–753 (2002)
Article 
    ADS 
    
                    Google Scholar 
                

	Grupe, D. & Mathur, S. MBH-σ relation for a complete sample of soft X-ray-selected active galactic nuclei. Astrophys. J. 606, L41–L44 (2004)
Article 
    ADS 
    
                    Google Scholar 
                

	Klein-Wolt, M. & van der Klis, M. Identification of black hole power spectral components across all canonical states. Astrophys. J. 675, 1407–1423 (2008)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Abramowicz, M. A. & Kluźniak, W. A precise determination of black hole spin in GRO J1655–40. Astron. Astrophys. 374, L19–L20 (2001)
Article 
    ADS 
    
                    Google Scholar 
                

	Pounds, K. A., Done, C. & Osborne, J. P. RE 1034+39: A high-state Seyfert galaxy? Mon. Not. R. Astron. Soc. 277, L5–L10 (1995)
ADS 
    
                    Google Scholar 
                

	Casebeer, D. A., Leighly, K. M. & Baron, E. FUSE observation of the narrow-line Seyfert 1 galaxy RE 1034+39: Dependence of broad emission line strengths on the shape of the photoionizing spectrum. Astrophys. J. 637, 157–182 (2006)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Vaughan, S., Edelson, R., Warwick, R. S. & Uttley, P. On characterizing the variability properties of X-ray light curves from active galaxies. Mon. Not. R. Astron. Soc. 345, 1271–1284 (2003)
Article 
    ADS 
    
                    Google Scholar 
                

	Papadakis, I. E. & Lawrence, A. Improved methods for power spectrum modelling of red noise. Mon. Not. R. Astron. Soc. 261, 612–624 (1993)
Article 
    ADS 
    
                    Google Scholar 
                


Download references




Acknowledgements
M.G. was supported in part by the Polish MNiSW (NN203065933). C.D. acknowledges financial support through a PPARC senior fellowship.


Author information
Authors and Affiliations
	Department of Physics, University of Durham, South Road, Durham DH1 3LE, UK, 
Marek Gierliński, Matthew Middleton, Martin Ward & Chris Done


Authors	Marek GierlińskiView author publications
You can also search for this author in
                        PubMed Google Scholar



	Matthew MiddletonView author publications
You can also search for this author in
                        PubMed Google Scholar



	Martin WardView author publications
You can also search for this author in
                        PubMed Google Scholar



	Chris DoneView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                Marek Gierliński.


PowerPoint slides

PowerPoint slide for Fig. 1

PowerPoint slide for Fig. 2

PowerPoint slide for Fig. 3




Rights and permissions
Reprints and permissions


About this article
Cite this article
Gierliński, M., Middleton, M., Ward, M. et al. A periodicity of ∼1 hour in X-ray emission from the active galaxy RE J1034+396. Nature 455, 369–371 (2008). https://doi.org/10.1038/nature07277
Download citation
	Received: 02 June 2008

	Accepted: 17 July 2008

	Issue Date: 18 September 2008

	DOI: https://doi.org/10.1038/nature07277


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

                
                    	
                            
                                
                                    
                                        X-ray astronomy comes of age
                                    
                                

                            
                                
                                    	Belinda J. Wilkes
	Wallace Tucker
	Maria Santos-Lleo


                                
                                Nature (2022)

                            
	
                            
                                
                                    
                                        Evidence for a compact object in the aftermath of the extragalactic transient AT2018cow
                                    
                                

                            
                                
                                    	Dheeraj R. Pasham
	Wynn C. G. Ho
	Alice Harding


                                
                                Nature Astronomy (2021)

                            
	
                            
                                
                                    
                                        Reverberation in Tidal Disruption Events: Dust Echoes, Coronal Emission Lines, Multi-wavelength Cross-correlations, and QPOs
                                    
                                

                            
                                
                                    	Sjoert van Velzen
	Dheeraj R. Pasham
	Erin A. Kara


                                
                                Space Science Reviews (2021)

                            
	
                            
                                
                                    
                                        Nine-hour X-ray quasi-periodic eruptions from a low-mass black hole galactic nucleus
                                    
                                

                            
                                
                                    	G. Miniutti
	R. D. Saxton
	B. Agís-González


                                
                                Nature (2019)

                            
	
                            
                                
                                    
                                        Stellar tidal disruption events in general relativity
                                    
                                

                            
                                
                                    	Nicholas C. Stone
	Michael Kesden
	Sjoert van Velzen


                                
                                General Relativity and Gravitation (2019)

                            


                

            

        
    

            
                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
Active galactic nuclei: on the hour
Although active galactic nuclei (AGNs) are thought — like quasars — to be scaled-up versions of binary black holes, quasiperiodic oscillations have proved elusive in the supermassive black holes found in AGNs. This is surprising, since these oscillations are generally so well defined in black holes. That anomaly has now been straightened out with the observation of X-ray emissions with a periodicity of about 1 hour in the bright active galaxy RE J1034+396. The X-ray modulation arises from the direct vicinity of the black hole. The study of this and similar phenomena should reveal more about accretion flows around black holes.
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