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            Abstract
Gamma-ray bursts (GRBs) are brief flashes of γ-rays and are considered to be the most energetic explosive phenomena in the Universe1. The emission from GRBs comprises a short (typically tens of seconds) and bright prompt emission, followed by a much longer afterglow phase. During the afterglow phase, the shocked outflow—produced by the interaction between the ejected matter and the circumburst medium—slows down, and a gradual decrease in brightness is observed2. GRBs typically emit most of their energy via γ-rays with energies in the kiloelectronvolt-to-megaelectronvolt range, but a few photons with energies of tens of gigaelectronvolts have been detected by space-based instruments3. However, the origins of such high-energy (above one gigaelectronvolt) photons and the presence of very-high-energy (more than 100 gigaelectronvolts) emission have remained elusive4. Here we report observations of very-high-energy emission in the bright GRB 180720B deep in the GRB afterglow—ten hours after the end of the prompt emission phase, when the X-ray flux had already decayed by four orders of magnitude. Two possible explanations exist for the observed radiation: inverse Compton emission and synchrotron emission of ultrarelativistic electrons. Our observations show that the energy fluxes in the X-ray and γ-ray range and their photon indices remain comparable to each other throughout the afterglow. This discovery places distinct constraints on the GRB environment for both emission mechanisms, with the inverse Compton explanation alleviating the particle energy requirements for the emission observed at late times. The late timing of this detection has consequences for the future observations of GRBs at the highest energies.
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                    Fig. 1: Multi-wavelength light curve of GRB 180720B.[image: ]


Fig. 2: Very-high-energy γ-ray image of GRB 180720B.[image: ]
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                Data and code availability

              
              The raw H.E.S.S. data and the code used in this study are not public, but belong to the H.E.S.S. collaboration. All derived higher-level data that are shown in the plots will be made available on the H.E.S.S. collaboration’s website upon publication of this study. Data and analysis code from the Fermi-GBM and LAT instruments are publicly available. Links to the data and software are provided in the Methods section. This work also made use of data supplied by the UK Swift Science Data Centre at the University of Leicester (http://www.swift.ac.uk/archive/).
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Extended data figures and tables

Extended Data Fig. 1 VHE spectral fit of GRB 180720B.
H.E.S.S. spectral fit to the measured emission in the energy range 100–440 GeV. a, Fit using a simple power-law model (with photon index γobs). b, Fit with a power-law model (with photon index γint) with EBL attenuation for a source at z = 0.653 (ref. 13). In both cases the residual data points with 1σ uncertainties are obtained from the forward-folded method. The shaded areas show the statistical and systematic uncertainties in each fit (1σ confidence level). The bottom panels show the significance of the residuals between the fitted model and the data points.


Extended Data Fig. 2 EBL absorption coefficient.
Absorption coefficient e−τ(E) for a source emitting at a redshift of 0.653. The values are shown in the energy range of the detected emission of GRB 180720B (100–440 GeV) for the four EBL models considered13,39,40,41.


Extended Data Fig. 3 CTA detectability prospects.
Energy-flux distribution at 11 h and 5 h after the Swift-BAT trigger for all the GRBs observed by Swift-XRT per year. The blue vertical line shows the expected sensitivity of CTA, assuming the detection of fluxes 10 times fainter than that of GRB 180720B. The energy flux of GRB 180720B is indicated by the red vertical line.


Extended Data Table 1 VHE spectral information from GRB 180720BFull size table





Rights and permissions
Reprints and permissions


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



Cite this article
Abdalla, H., Adam, R., Aharonian, F. et al. A very-high-energy component deep in the γ-ray burst afterglow.
                    Nature 575, 464–467 (2019). https://doi.org/10.1038/s41586-019-1743-9
Download citation
	Received: 05 June 2019

	Accepted: 30 September 2019

	Published: 20 November 2019

	Issue Date: 21 November 2019

	DOI: https://doi.org/10.1038/s41586-019-1743-9


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
                        








            


            
        
            
                This article is cited by

                
                    	
                            
                                
                                    
                                        Gamma rays from a reverse shock with turbulent magnetic fields in GRB 180720B
                                    
                                

                            
                                
                                    	Makoto Arimoto
	Katsuaki Asano
	Soebur Razzaque


                                
                                Nature Astronomy (2023)

                            
	
                            
                                
                                    
                                        TeV emission as an independent probe of GRB jet properties
                                    
                                

                            
                                
                                    	Bing Zhang


                                
                                Science China Physics, Mechanics & Astronomy (2023)

                            
	
                            
                                
                                    
                                        Implication from GRB 221009A: Can TeV emission come from the GRB prompt phase?
                                    
                                

                            
                                
                                    	Kai Wang
	Zhi-Peng Ma
	Zi-Gao Dai


                                
                                Science China Physics, Mechanics & Astronomy (2023)

                            
	
                            
                                
                                    
                                        Gigaelectronvolt emission from a compact binary merger
                                    
                                

                            
                                
                                    	Alessio Mei
	Biswajit Banerjee
	Pawan Tiwari


                                
                                Nature (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
            
        

        
    



            

        
    


    
        
    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Extreme emission seen from γ-ray bursts
                

                
	Bing Zhang



                
    
        
            Nature
        
        News & Views
        
        
            20 Nov 2019
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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: ]
