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            Abstract
Fast radio bursts (FRBs) are millisecond-duration radio transients1,2 of unknown origin. Two possible mechanisms that could generate extremely coherent emission from FRBs invoke neutron star magnetospheres3,4,5 or relativistic shocks far from the central energy source6,7,8. Detailed polarization observations may help us to understand the emission mechanism. However, the available FRB polarization data have been perplexing, because they show a host of polarimetric properties, including either a constant polarization angle during each burst for some repeaters9,10 or variable polarization angles in some other apparently one-off events11,12. Here we report observations of 15 bursts from FRBÂ 180301 and find various polarization angle swings in seven of them. The diversity of the polarization angle features of these bursts is consistent with a magnetospheric origin of the radio emission, and disfavours the radiation models invoking relativistic shocks.
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                    Fig. 1: Polarization profiles and dynamic spectra of the seven brightest bursts from FRBÂ 180301.[image: ]


Fig. 2: RM values of seven bursts from FRBÂ 180301.[image: ]
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Extended data figures and tables

Extended Data Fig. 1 Dynamic spectra for all 15 detected bursts of FRBÂ 180301.
a, Dedispersed pulse profile. b, Dynamic spectra for the total intensity as a function of frequency and time (with a frequency resolution 1.95Â MHz per channel and a time resolution of 393.2Â Î¼s per bin). The colour bars denote the intensity S/N scaled with the off-pulse r.m.s. value. The DMaligned values in Table 1 are used to dedisperse each burst. For bursts 1â€“4 we plot the raw intensity because only two linear polarization channels were recorded. For the rest of the bursts, polarization calibrations were performed.


Extended Data Fig. 2 Observed and fitted Stokes parameters Q and U for linear polarization as a function of frequency.
a, c, Normalized Stokes parameter Q and fitting residuals. b, d, Normalized Stokes parameter U and fitting residuals. The amplitudes of the oscillation have been normalized using the inferred linear polarization intensity. e, Stokes parameter V normalized by the total intensity in each channel. The grey shaded frequencies are removed before fitting owing to low signal intensities, RFI or band-edge effects. The error bars denote the 68% confidence intervals. The burst number in each subplot is as in Table 1.


Extended Data Fig. 3 RM synthesis results of the seven bursts.
We calculate the RM spectrum within the range âˆ’8,000 to +8,000Â radÂ mâˆ’2. The horizontal red shaded area denotes the 1Ïƒ interval of the baseline. The vertical red line denotes the best-fit RM value. We also show a zoom-in of the spectral peak, where the vertical orange dashed lines show the range in which the spectrum is used in peak fitting. The best-fitting Gaussian and its 68% confidence interval are indicated by the orange curve and blue shading. The vertical red lines and shading show the best-fit RM and the 68% confidence intervals. We also show the Bayesian RM, indicated by the vertical black lines and shading. The burst number in each sub-plot is defined in Table 1.


Extended Data Fig. 4 Polarimetry stability test.
a, Temporal stability test. The RM values of PSRÂ J1915+1009 measured with the Bayesian method confirm that there is no obvious RM variation in a one-day interval. The error bars denote 68% confidence intervals. b, Off-axis polarimetry test. PSRÂ J1915+1009 was first placed at the beam centre and then 2.6â€² away from the beam centre. The RM values measured with the Bayesian method confirm that there is no apparent systematic error for the off-axis illumination. The off-axis data point has a larger error because S/N drops for those observations owing to the off-axis illumination. c, Polarization pulse profile and PA for PSRÂ J1915+1009, observed with central illumination. d, As in c, but off-axis illumination is used. e, Polarization profile and PA with central illumination observed one day later. f, Polarization pulse profile measured with the Parkes radio telescope by Johnston & Kerr42.


Extended Data Fig. 5 The joint fitting results of the RM synthesis spectra.
a, Bursts 5, 7, 9, 10 on 6 October 2019. b, Bursts 11, 12, 13 on 7 October 2019. c, All seven bursts. The notation is the same as in Extended Data Fig. 3.


Extended Data Fig. 6 RM synthesis spectra before and after thin-screen subtraction.
The blue and orange curve are the RM synthesis intensity spectra for burst 5. The orange curve is computed after subtracting the Stokes parameters Q and U corresponding to the RM of burst 5. The orange curve is consistent with noise. This indicates a thin-screen scenario for the Faraday rotation.


Extended Data Fig. 7 Polarization profiles of seven bright bursts and their dynamic spectra.
Here we used the globally fitted RMÂ =Â 543.7Â Â±Â 2.6Â radÂ mâˆ’2 to derotate the linear polarization. The other settings are the same as in Fig. 1.


Extended Data Fig. 8 Comparison of PA swing from seven bright bursts using different DM values in dedispersion.
aâ€“d, For each burst, blue curves use individually measured DM values as in Table 1 (a), orange curves use the DM of burst 5 (b), green curves use the lowest DM (from burst 12) (c) and red curves use the highest DM (from burst 10) (d).


Extended Data Fig. 9 Posterior distribution for the burst rate inference.
a, Marginalized posterior of the burst rate. The dashed and dotted lines denote 68% and 95% confidence levels, respectively. b, Two-dimensional distribution of the posterior. The horizontal and vertical axes show the burst rate and the shape parameter of the Weibull distribution, respectively. c, Marginalized posterior for the shape parameter.


Extended Data Table 1 FAST observations of FRB 180301Full size table





Rights and permissions
Reprints and permissions


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



Cite this article
Luo, R., Wang, B.J., Men, Y.P. et al. Diverse polarization angle swings from a repeating fast radio burst source.
                    Nature 586, 693â€“696 (2020). https://doi.org/10.1038/s41586-020-2827-2
Download citation
	Received: 21 November 2019

	Accepted: 01 September 2020

	Published: 28 October 2020

	Issue Date: 29 October 2020

	DOI: https://doi.org/10.1038/s41586-020-2827-2


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 highly magnetized environment in a pulsar binary system
                                    
                                

                            
                                
                                    	Dongzi Li
	Anna Bilous
	Yuan-Pei Yang


                                
                                Nature (2023)

                            
	
                            
                                
                                    
                                        Quasi-periodic sub-pulse structure as a unifying feature for radio-emitting neutron stars
                                    
                                

                            
                                
                                    	Michael Kramer
	Kuo Liu
	Ben W. Stappers


                                
                                Nature Astronomy (2023)

                            
	
                            
                                
                                    
                                        Pose optimization of the FAST feed support system based on the new feed cabin mechanism
                                    
                                

                            
                                
                                    	Jianing Yin
	Peng Jiang
	Rui Yao


                                
                                Science China Physics, Mechanics & Astronomy (2023)

                            
	
                            
                                
                                    
                                        Fast radio bursts at the dawn of the 2020s
                                    
                                

                            
                                
                                    	E. Petroff
	J. W. T. Hessels
	D. R. Lorimer


                                
                                The Astronomy and Astrophysics Review (2022)

                            
	
                            
                                
                                    
                                        Repeating fast radio bursts: Coherent circular polarization by bunches
                                    
                                

                            
                                
                                    	Wei-Yang Wang
	Jin-Chen Jiang
	Renxin Xu


                                
                                Science China Physics, Mechanics & Astronomy (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
            
        

        
    



            

        
    


    
        
    

    
    

    
        
            
                
                    
                        
                            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: ]
