







    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: 03 July 2008



                    An asymmetric solar wind termination shock

                    	Edward C. Stone1, 
	Alan C. Cummings1, 
	Frank B. McDonald2, 
	Bryant C. Heikkila3, 
	Nand Lal3 & 
	â€¦
	William R. Webber4Â 

Show authors

                    

                    
                        
    Nature

                        volumeÂ 454,Â pages 71â€“74 (2008)Cite this article
                    

                    
        
            	
                        893 Accesses

                    
	
                        321 Citations

                    
	
                            10 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
                
    
    

    
    

                
            


        
            Abstract
Voyager 2 crossed the solar wind termination shock at 83.7â€‰au in the southern hemisphere, âˆ¼10â€‰au closer to the Sun than found by Voyager 1 in the north1,2,3,4. This asymmetry could indicate an asymmetric pressure from an interstellar magnetic field5,6, from transient-induced shock motion7, or from the solar wind dynamic pressure. Here we report that the intensity of 4â€“5â€‰MeV protons accelerated by the shock near Voyager 2 was three times that observed concurrently by Voyager 1, indicating differences in the shock at the two locations. (Companion papers report on the plasma8, magnetic field9, plasma-wave10 and lower energy particle11 observations at the shock.) Voyager 2 did not find the source of anomalous cosmic rays at the shock, suggesting that the source is elsewhere on the shock12,13,14 or in the heliosheath15,16,17,18,19. The small intensity gradient of Galactic cosmic ray helium indicates that either the gradient is further out in the heliosheath20 or the local interstellar Galactic cosmic ray intensity is lower than expected21.
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                    Figure 1: 
                        Daily-averaged intensities and streaming of energetic termination shock particles that are accelerated at nearby regions of the shock.
                      [image: ]


Figure 2: 
                        Comparison of the energy spectra of protons and helium nuclei in the heliosheath near the times of the Voyager 1 and Voyager 2 shock crossings.
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Figure 3: 
                        Temporal changes in the intensities of helium nuclei and electrons.
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        Editorial Summary
Leaving the heliosphere: Voyager 2 reports back
On 30 August 2007 Voyager 2 began to cross the termination shock, a boundary produced by the inter-action of the Sun with the rest of the Galaxy, where the supersonic solar wind abruptly slows as it presses outward against the surrounding interstellar matter. Five Letters in this issue present the data that the probe sent back. The Voyager 2 crossings occurred about 1.5 billion kilometres closer to the Sun than those of Voyager 1, illustrating the asymmetry of the heliosphere. The results from the plasma experiment, low-energy particle, cosmic ray, magnetic field and plasma-wave detectors reveal a complex and dynamic shock, reforming itself in hours rather than days. The cover graphic of Voayer 2 on the brink of entering interstellar space is by Henry Kline of JPL. It may be decades before another probe crosses the termination shock but remote observations can now bridge the gap â€” as shown by Wang et al. who report measurements of energetic neutral atoms in the heliosheath from the STEREO A and B spacecraft that complement the Voyager in situ observations made at the same time. In News & Views, J R Jokipii puts the Voyager findings into context. For more on the on Voyager odyssey, see page 24, and the Author page, and go to the movie on http://www.nature.com/nature/videoarchive/voyager.
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