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            Abstract
Transient astronomical sources are typically powered by compact objects and usually signify highly explosive or dynamic events1. Although high-time-resolution observations are often possible in radio astronomy2, they are usually limited to quite narrow fields of view. The dynamic radio sky is therefore poorly sampled, in contrast to the situation in the X-ray and Î³-ray bands in which wide-field instruments routinely detect transient sources3. Here we report a transient radio source, GCRT J1745â€“3009, which was detected during a moderately wide-field monitoring programme of the Galactic Centre region4,5 at 0.33â€‰GHz. The characteristics of its bursts are unlike those known for any other class of radio transient. If located in or near the Galactic Centre, its brightness temperature (âˆ¼1016â€‰K) and the implied energy density within GCRT J1745â€“3009 vastly exceed those observed in most other classes of radio astronomical sources6, and are consistent with coherent emission processes7 that are rarely observed. We conclude that it represents a hitherto unknown class of transient radio sources, the first of possibly many new classes that may be discovered by emerging wide-field radio telescopes8.
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                    Figure 1: The five detected bursts from the radio transient source, GCRT J1745â€“3009.[image: ]


Figure 2: Average light curve of GCRT J1745â€“3009 derived from the third, fourth and fifth bursts.[image: ]


Figure 3: 0.33â€‰GHz radio image of the transient source, GCRT J1745â€“3009, and the surrounding region âˆ¼ 1Â° south of the Galactic Centre.[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        A radio transient with unusually slow periodic emission
                                        
                                    

                                    
                                        Article
                                        
                                         26 January 2022
                                    

                                

                                N. Hurley-Walker, X. Zhang, â€¦ T. J. Galvin

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        No pulsed radio emission during a bursting phase of a Galactic magnetar
                                        
                                    

                                    
                                        Article
                                        
                                         04 November 2020
                                    

                                

                                L. Lin, C. F. Zhang, â€¦ J.-H. Zou

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Detection of two bright radio bursts from magnetar SGR 1935 + 2154
                                        
                                    

                                    
                                        Article
                                        
                                         16 November 2020
                                    

                                

                                F. Kirsten, M. P. Snelders, â€¦ J. Yang

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Cordes, J. M., Lazio, T. J. W. & McLaughlin, M. A. The dynamic radio sky. Preprint at http://arxiv.org/abs/astro-ph/0410045 (2004).

	Hankins, T. H., Kern, J. S., Weatherall, J. C. & Eilek, J. A. Nanosecond radio bursts from strong plasma turbulence in the Crab pulsar. Nature 422, 141â€“143 (2003)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bradt, H., Levine, A., Remillard, R. & Smith, D. A. in AIP Conf. Proc. on X-ray Astronomy: Stellar Endpoints, AGN, and the Diffuse X-ray Background (eds White, N. E., Malaguti, G. & Palumbo, G. G. C.) 599, 35â€“52 (2001)
BookÂ 
    
                    Google ScholarÂ 
                

	Hyman, S. D., Lazio, T. J. W., Kassim, N. E. & Bartleson, A. L. Low-frequency radio transients in the galactic center. Astron. J. 123, 1497â€“1501 (2002)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Hyman, S. D., Lazio, T. J. W., Kassim, N. E., Nord, M. E. & Neureuther, J. L. A search for radio transients at 0.33â€‰GHz in the GC. Astron. Nachr. 324(S1), 79â€“83 (2003)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Readhead, A. C. S. Equipartition brightness temperature and the inverse Compton catastrophe. Astrophys. J. 426, 51â€“59 (1994)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Melrose, D. B. Coherent emission in AGN: a critique. Publ. Astron. Soc. Aust. 19, 34â€“38 (2002)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	The long wavelength array. http://lwa.nrl.navy.mil (Naval Research Laboratory, 2004).

	Reich, W. & FÃ¼rst, E. G357.7 + 0.3 and G359.1 - 0.5â€”two shell-type supernova remnants in the galactic centre region. Astron. Astrophys. Suppl. Ser. 57, 165â€“167 (1984)
ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Yusef-Zadeh, F. & Bally, J. A non-thermal axially symmetric radio wake towards the galactic centre. Nature 330, 455â€“458 (1987)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Gray, A. D., Cram, L. E., Ekers, R. D. & Goss, W. M. A filamentary radio source near the galactic centre. Nature 353, 237â€“239 (1991)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Nord, M. E. et al. High-resolution, wide-field imaging of the galactic center region at 330â€‰MHz. Astron. J. 128, 1646â€“1670 (2004)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Bastian, T. S., Bookbinder, J., Dulk, G. A. & Davis, M. Dynamic spectra of radio bursts from flare stars. Astrophys. J. 353, 265â€“273 (1990)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Farrell, W. M., Desch, M. D. & Zarka, P. On the possibility of coherent cyclotron emission from extrasolar planets. J. Geophys. Res. 104, 14025â€“14032 (1999)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Lazio, T. J. W. et al. The radiometric Bode's Law and extrasolar planets. Astrophys. J. 612, 511â€“518 (2004)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Bastian, T. S., Dulk, G. A. & Leblanc, Y. A search for radio emission from extrasolar planets. Astrophys. J. 545, 1058â€“1063 (2000)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Guedel, M. Stellar radio astronomy: probing stellar atmospheres from protostars to giant. Annu. Rev. Astron. Astrophys. 40, 217â€“261 (2002)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Cutri, R. M. et al. The 2MASS All-sky Catalog of Point Sources (University of Massachusetts and Infrared Processing and Analysis Center, IPAC/California Institute of Technology, 2003)

                    Google ScholarÂ 
                

	Burgasser, A. J. et al. The spectra of T dwarfs. I. Near-infrared data and spectral classification. Astrophys. J. 564, 421â€“451 (2002)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Berger, E. et al. Discovery of radio emission from the brown dwarf LP944-20. Nature 410, 338â€“340 (2001)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Berger, E. Flaring up all over-radio activity in rapidly rotating late M and L dwarfs. Astrophys. J. 572, 503â€“513 (2002)
ArticleÂ 
    ADSÂ 
    
                    Google ScholarÂ 
                

	Putman, M. E. & Burgasser, A. J. Radio emission from late-type dwarfs: quiescent emission and a spectacular radio flare from the M9 DENIS 1048-3956. Bull. Am. Astron. Soc. 35, Abstr. 43.07 (2003); http://www.aas.org/publications/baas/v35n5/aas203/1159.htm

	Dulk, G. A. & Marsh, K. A. Simplified expressions for the gyrosynchrotron radiation from mildly relativistic, nonthermal and thermal electrons. Astrophys. J. 259, 350â€“358 (1982)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Bruggmann, G. & Magun, A. Temporal and spectral characteristics of the circular polarization of solar microwave bursts. Astron. Astrophys. 239, 347â€“355 (1990)
ADSÂ 
    
                    Google ScholarÂ 
                

	Mayer-Hasselwander, H. A. et al. High-energy gamma-ray emission from the Galactic Center. Astron. Astrophys. 335, 161â€“172 (1998)
ADSÂ 
    
                    Google ScholarÂ 
                

	Marscher, A. P. et al. Observational evidence for the accretion-disk origin for a radio jet in an active galaxy. Nature 417, 625â€“627 (2002)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Fender, R. P. et al. Merlin observations of relativistic ejections from GRS 1915 + 105. Mon. Not. R. Astron. Soc. 304, 365â€“876 (1999)
ArticleÂ 
    
                    Google ScholarÂ 
                

	Lyne, A. G. et al. A double-pulsar system: a rare laboratory for relativistic gravity and plasma physics. Science 303, 1153â€“1157 (2004)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                

	Woods, P. M. & Thompson, C. Soft gamma repeaters and anomalous X-ray pulsars: magnetar candidates. In Compact Stellar X-ray Sources (eds Lewin, W. H. G. & van der Klis, M.) (in the press); preprint at http://arXiv.org/astro-ph/0406133

	Zhao, J-H. et al. A transient radio source near the center of the milky way galaxy. Science 255, 1538â€“1543 (1992)
ArticleÂ 
    ADSÂ 
    CASÂ 
    
                    Google ScholarÂ 
                


Download references




Acknowledgements
S.D.H. thanks J. Neureuther and M. Lazarova for their assistance in the Galactic Centre transient monitoring programme. We thank D. Chakrabarty, G. Denn, C. Dermer, W. Erickson, R. Remillard, K. Weiler and K. Wood for discussions. The Very Large Array (VLA) is operated by the National Radio Astronomy Observatory (NRAO), which is a facility of the National Science Foundation operated under cooperative agreement by Associated Universities. Basic research in radio astronomy is supported at Sweet Briar College by funding from the Jeffress Memorial Trust and Research Corporation. Basic research in radio and X-ray astronomy at the NRL is supported by the Office of Naval Research.


Author information
Authors and Affiliations
	Department of Physics and Engineering, Sweet Briar College, Sweet Briar, Virginia, 24595, USA
Scott D. Hyman

	Naval Research Laboratory, Code 7213, Washington, DC 20375-5320, USA
T. Joseph W. LazioÂ &Â Namir E. Kassim

	E. O. Hulburt Center for Space Research, Naval Research Laboratory, Washington, DC 20375, USA
Paul S. Ray

	Laboratory for High Energy Astrophysics, NASA Goddard Space Flight Center, Greenbelt, Maryland, 20771, USA
Craig B. Markwardt

	Department of Physics and Astronomy, Northwestern University, Evanston, Illinois, 60208, USA
Farhad Yusef-Zadeh


Authors	Scott D. HymanView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	T. Joseph W. LazioView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Namir E. KassimView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Paul S. RayView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Craig B. MarkwardtView author publications
You can also search for this author in
                        PubMedÂ Google Scholar



	Farhad Yusef-ZadehView author publications
You can also search for this author in
                        PubMedÂ Google Scholar





Corresponding author
Correspondence to
                Scott D. Hyman.


Ethics declarations

              
                Competing interests

                The authors declare that they have no competing financial interests.

              
            

Rights and permissions
Reprints and permissions


About this article
Cite this article
Hyman, S., Lazio, T., Kassim, N. et al. A powerful bursting radio source towards the Galactic Centre.
                    Nature 434, 50â€“52 (2005). https://doi.org/10.1038/nature03400
Download citation
	Received: 26 November 2004

	Accepted: 24 January 2005

	Issue Date: 03 March 2005

	DOI: https://doi.org/10.1038/nature03400


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

                
                    	
                            
                                
                                    
                                        A long-period radio transient active for three decades
                                    
                                

                            
                                
                                    	N. Hurley-Walker
	N. Rea
	A. Williams


                                
                                Nature (2023)

                            
	
                            
                                
                                    
                                        A radio transient with unusually slow periodic emission
                                    
                                

                            
                                
                                    	N. Hurley-Walker
	X. Zhang
	T. J. Galvin


                                
                                Nature (2022)

                            
	
                            
                                
                                    
                                        Freeze-Dried Biopharmaceutical Formulations are Surprisingly Less Stable than Liquid Formulations during Dropping
                                    
                                

                            
                                
                                    	Wei-Jie Fang
	Meng-Juan Pang
	Min-Fei Sun


                                
                                Pharmaceutical Research (2022)

                            
	
                            
                                
                                    
                                        Formation and Evolution of Cu-Sn Intermetallic Compounds in Ultrasonic-Assisted Soldering
                                    
                                

                            
                                
                                    	Weiyuan Yu
	Yingzong Liu
	Yun Liu


                                
                                Journal of Electronic Materials (2019)

                            
	
                            
                                
                                    
                                        Explosive and Radio-Selected Transients: Transient Astronomy with Square Kilometre Array and its Precursors
                                    
                                

                            
                                
                                    	Poonam Chandra
	G. C. Anupama
	Firoza Sutaria


                                
                                Journal of Astrophysics and Astronomy (2016)

                            


                

            

        
    

            
                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
New radio source
A transient radio source with unique properties has been discovered close the centre of our Galaxy. Its powerful radio bursts, clock-like regularity and unusual timescale imply a temperature greater than trillions of degrees. This high temperature in turn implies that the radiation emitted from all parts of the radio source is â€˜coherentâ€™ â€” that is, it is almost entirely of a single wavelength. This combination of properties makes it a hitherto unknown type of radio source, though it may not be â€˜uniqueâ€™ for long. The discovery was made possible by a new observational strategy, wide-field imaging at low frequencies, which can be expected to come up with more intriguing sources in future.
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