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            Abstract
Brown dwarfsâ€”substellar bodies more massive than planets but not massive enough to initiate the sustained hydrogen fusion that powers self-luminous stars1,2â€”are born hot and slowly cool as they age. As they cool below about 2,300 kelvin, liquid or crystalline particles composed of calcium aluminates, silicates and iron condense into atmospheric â€˜dustâ€™3,4, which disappears at still cooler temperatures (around 1,300 kelvin)5,6. Models to explain this dust dispersal include both an abrupt sinking of the entire cloud deck into the deep, unobservable atmosphere5,7 and breakup of the cloud into scattered patches6,8 (as seen on Jupiter and Saturn9). However, hitherto observations of brown dwarfs have been limited to globally integrated measurements10, which can reveal surface inhomogeneities but cannot unambiguously resolve surface features11. Here we report a two-dimensional map of a brown dwarfâ€™s surface that allows identification of large-scale bright and dark features, indicative of patchy clouds. Monitoring suggests that the characteristic timescale for the evolution of global weather patterns is approximately one day.
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                    Figure 1: High-resolution, near-infrared spectra of the Luhmanâ€‰16AB brown dwarfs (black curves).[image: ]


Figure 2: Surface map of brown dwarf Luhmanâ€‰16B.[image: ]
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Extended data figures and tables

Extended Data Figure 1 Spectral calibration for Luhmanâ€‰16A (a and b) and Luhmanâ€‰16B (c and d).
The red curves (a and c) show the modelled spectra, which mostly overlap the observed spectra (plotted in black). The gaps in the spectra correspond to physical spaces between the four infrared array detectors. The residuals to the fits (b and d) are generally a few per cent, with larger deviations apparent near CO bandheads (for example, at 2.294â€‰Âµm and 2.323â€‰Âµm) and strong telluric absorption lines (for example, at 2.290â€‰Âµm and 2.340â€‰Âµm).


Extended Data Figure 2 Calibrated spectra of the brown dwarfs, showing the individual calibrated spectra of Luhmanâ€‰16A (a) and Luhmanâ€‰16B (b).
The time of each observation is indicated.


Extended Data Figure 3 Luhmanâ€‰16B shows strong rotationally induced variability (b) whereas Luhmanâ€‰16A does not (a).
The colour scale indicates the deviations from a uniform line profile as measured relative to the line continuum. Luhmanâ€‰16Bâ€™s variations are dominated by a dark region (diagonal streak, corresponding to a decrease of roughly 4% in equivalent width) that comes into view at 1.5â€‰h heading towards the observer, rotates across the brown dwarf to the receding side, and is again hidden behind the limb at 3â€‰h. Brighter regions are visible at earlier and later times, but are less prominent. No significant spectroscopic variability is apparent for Luhmanâ€‰16A, and no coherent features are seen beyond Luhmanâ€‰16Bâ€™s projected rotational velocity (enclosed between the vertical dashed lines). All these points indicate that we are detecting intrinsic spectroscopic variability from Luhmanâ€‰16B.


Extended Data Figure 4 Posterior parameter distributions from our single-spot toy model, showing a large mid-latitude spot.
The inner and outer curves in panels aâ€“c indicate the 68.3% and 95.4% confidence regions. The plot shown assumes i = 30â€‰degrees; smaller inclinations result in a slightly more equatorial spot, but the best-fit values remain within the inner 68.3% confidence regions.


Extended Data Figure 5 Simulated brown dwarf with spots, and the map recovered from Doppler imaging.
a, Simulated variable brown dwarf seen at an inclination of i = 30â€‰degrees. The dark and light mid-latitude spots are, respectively, 40% darker and 10% brighter than the photosphere; the dark streak is 10% darker and the polar spot is 20% brighter. b, Surface map recovered from Doppler imaging, assuming noise levels similar to that seen in our observed data, after tuning the hyperparameter a to minimize spurious features. High-contrast features are recovered: the dark spot is in the correct location and the polar spot is only moderately distorted. The equatorial bright spot is visible in the recovered map, but it cannot be reliably distinguished from image artefacts that preferentially cluster near the equator. The dark stripe is not recovered. Thus our analysis can accurately recover strong features, but data quality precludes us from discerning smaller or fainter features.


Extended Data Figure 6 Simulated brown dwarf with spots and bands, and the map recovered from Doppler imaging.
a, Simulated variable brown dwarf with the same surface features as in Extended Data Fig. 5, but now also exhibiting zonal bands with an amplitude of Â±20% of the mean photospheric brightness level. b, Surface map recovered from Doppler imaging under the same assumptions as in Extended Data Fig. 5. High-contrast, non-axisymmetric features are recovered as before, but we cannot recover even prominent global bands with the current precision of our data.
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        Editorial Summary
Casting a weather eye on a nearby brown dwarf
The recently discovered system known as Luhman 16AB is a binary consisting of two brown dwarfs â€” objects much bigger than planets but not big enough to become stars â€” and is a mere six light years from us. Only Alpha Centauri and Barnard's star are closer. Ian Crossfield et al. have now mapped the surface of brown dwarf Luhman 16B in the infrared and find large-scale surface patterns indicative of patchy clouds. Monitoring suggests that the characteristic timescale for the evolution of global weather patterns is about one day. Further observations of the evolution of weather patterns on brown dwarfs could provide a new benchmark for understanding how global circulation conditions affect dusty atmospheres on brown dwarfs and giant extrasolar planets.

show all

    

    
    
        
            
                Associated content

                
                    
                    
                        
                            
    
        
            
                
                    Portrait of a dynamic neighbour
                

                
	Adam P. Showman



                
    
        
            Nature
        
        News & Views
        
        
            29 Jan 2014
        
    


            

        

    


                        

                    
                
            
        

        
    

    

    
        
            
                
                    
                        
                            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: ]
