







    Skip to main content




    
        
        Thank you for visiting nature.com. You are using a browser version with limited support for CSS. To obtain
            the best experience, we recommend you use a more up to date browser (or turn off compatibility mode in
            Internet Explorer). In the meantime, to ensure continued support, we are displaying the site without styles
            and JavaScript.


    




    

    
            

            
                
                    Advertisement

                    
        
            
    
        
            
                [image: Advertisement]
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                [image: Nature]
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	letters

	
                                    article


    
        
        
            
            
                
                    	Letter
	Published: 24 March 2005



                    Filamentary structure on the Sun from the magnetic Rayleigh–Taylor instability

                    	Hiroaki Isobe1, 
	Takehiro Miyagoshi1, 
	Kazunari Shibata1 & 
	…
	Takaaki Yokoyama2 

Show authors

                    

                    
                        
    Nature

                        volume 434, pages 478–481 (2005)Cite this article
                    

                    
        
            	
                        1306 Accesses

                    
	
                        146 Citations

                    
	
                            1 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Magnetic flux emerges from the solar surface as dark filaments connecting small sunspots with opposite polarities1,2,3. The regions around the dark filaments are often bright in X-rays and are associated with jets4,5,6. This implies plasma heating and acceleration, which are important for coronal heating. Previous two-dimensional simulations of such regions showed that magnetic reconnection between the coronal magnetic field and the emerging flux produced X-ray jets and flares, but left unresolved the origin of filamentary structure and the intermittent nature of the heating. Here we report three-dimensional simulations of emerging flux showing that the filamentary structure arises spontaneously from the magnetic Rayleigh–Taylor instability7,8, contrary to the previous view that the dark filaments are isolated bundles of magnetic field that rise from the photosphere carrying the dense gas9,10,11. As a result of the magnetic Rayleigh–Taylor instability, thin current sheets are formed in the emerging flux, and magnetic reconnection occurs between emerging flux and the pre-existing coronal field in a spatially intermittent way. This explains naturally the intermittent nature of coronal heating and the patchy brightenings in solar flares.
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                    Figure 1: Three-dimensional visualization of the simulation result at t = 2,500 s.[image: ]


Figure 2: Temporal evolution of the mass density (colour), velocity (arrows) and resistivity (green contour) on a y–z plane near the reconnection points.[image: ]


Figure 3: Comparison of the simulation result and observations.[image: ]


Figure 4: Three-dimensional visualization of the simulation result, showing the structure of plasma flows from reconnection points.[image: ]
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Corona heated by lighter fluid
Among the structures observed on the Sun's surface are dark filaments connecting sunspots of opposite polarity. These are associated with the emergence of magnetic flux from the Sun's interior, and their jet activity and X-ray emission suggest a role in coronal heating. In the first astrophysics calculations performed on the Earth Simulator, a supercomputer with possibly the highest simulation performance in the world, filamentary structures are shown to arise spontaneously from Rayleigh–Taylor instability, an instability that occurs when a dense heavy fluid is accelerated by a light fluid. This can account for the intermittence of coronal heating and patchy brightening of solar flares.
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