







    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

                    
        
            
    
        
            
                
        

    


        
    
                

            
        

    
        
            
                
                    
                    
                    
                        
                        
                            
                                
                                
                            
                        
                    
                    

                    
                    	
                            
                                View all journals
                            
                        
	
                            
                                Search
                            
                        
	
                            
                                Log in
                            
                        


                

            

        

        
            
                
                    
                        	
                                    
                                        Explore content
                                    
                                
	
                                    
                                        About the journal
                                    
                                
	
                                        
                                            Publish with us
                                        
                                    
	
                                    
                                        Subscribe
                                    
                                


                        	
                                    
                                        Sign up for alerts
                                    
                                
	
                                    
                                            RSS feed
                                    
                                


                    

                

            

        
    


    
    
        
            
                	nature



	nature physics

	articles

	
                                    article


    
        
        
            
            
                
                    	Article
	Published: 21 May 2018



                    Magnetic configuration effects on the Wendelstein 7-X stellarator

                    	A. Dinklage 
            ORCID: orcid.org/0000-0002-5815-84631,2, 
	C. D. Beidler1, 
	P. Helander1,2, 
	G. Fuchert1, 
	H. Maaßberg1, 
	K. Rahbarnia1, 
	T. Sunn Pedersen1,2, 
	Y. Turkin1, 
	R. C. Wolf 
            ORCID: orcid.org/0000-0002-2606-52891,3, 
	A. Alonso4, 
	T. Andreeva 
            ORCID: orcid.org/0000-0003-2390-42401, 
	B. Blackwell5, 
	S. Bozhenkov 
            ORCID: orcid.org/0000-0003-4289-35321, 
	B. Buttenschön1, 
	A. Czarnecka6, 
	F. Effenberg 
            ORCID: orcid.org/0000-0002-4846-45987, 
	Y. Feng1, 
	J. Geiger1, 
	M. Hirsch1, 
	U. Höfel 
            ORCID: orcid.org/0000-0003-0971-59371, 
	M. Jakubowski1, 
	T. Klinger1,2, 
	J. Knauer1, 
	G. Kocsis8, 
	A. Krämer-Flecken 
            ORCID: orcid.org/0000-0003-4146-50859, 
	M. Kubkowska6, 
	A. Langenberg1, 
	H. P. Laqua1, 
	N. Marushchenko1, 
	A. Mollén 
            ORCID: orcid.org/0000-0002-9257-78641, 
	U. Neuner1, 
	H. Niemann1, 
	E. Pasch1, 
	N. Pablant 
            ORCID: orcid.org/0000-0001-6617-845910, 
	L. Rudischhauser 
            ORCID: orcid.org/0000-0002-3696-70671, 
	H. M. Smith1, 
	O. Schmitz7, 
	T. Stange1, 
	T. Szepesi8, 
	G. Weir 
            ORCID: orcid.org/0000-0002-2370-409X1, 
	T. Windisch1, 
	G. A. Wurden 
            ORCID: orcid.org/0000-0003-2991-148411, 
	D. Zhang1 & 
	and the W7-X Team

Show authors

                    

                    
                        
    Nature Physics

                        volume 14, pages 855–860 (2018)Cite this article
                    

                    
        
            	
                        8173 Accesses

                    
	
                        109 Citations

                    
	
                            148 Altmetric

                        
	
                    Metrics details

                


        

    
                    
                

                
    
        Subjects

        	Magnetically confined plasmas
	Nuclear fusion and fission


    


                
    
    
        
            
                
                    
                        
                    
                
            
            
                
                    An Author Correction to this article was published on 11 September 2018

                
            
        

    
        
            
                
                    
                        
                    
                
            
            
                
                    A Publisher Correction to this article was published on 03 July 2018

                
            
        

    

    
        
            
                
                    
                        
                    
                
            
            This article has been updated

        

    
    

                
            


        
            Abstract
The two leading concepts for confining high-temperature fusion plasmas are the tokamak and the stellarator. Tokamaks are rotationally symmetric and use a large plasma current to achieve confinement, whereas stellarators are non-axisymmetric and employ three-dimensionally shaped magnetic field coils to twist the field and confine the plasma. As a result, the magnetic field of a stellarator needs to be carefully designed to minimize the collisional transport arising from poorly confined particle orbits, which would otherwise cause excessive power losses at high plasma temperatures. In addition, this type of transport leads to the appearance of a net toroidal plasma current, the so-called bootstrap current. Here, we analyse results from the first experimental campaign of the Wendelstein 7-X stellarator, showing that its magnetic-field design allows good control of bootstrap currents and collisional transport. The energy confinement time is among the best ever achieved in stellarators, both in absolute figures (τE > 100 ms) and relative to the stellarator confinement scaling. The bootstrap current responds as predicted to changes in the magnetic mirror ratio. These initial experiments confirm several theoretically predicted properties of Wendelstein 7-X plasmas, and already indicate consistency with optimization measures.
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                    Fig. 1: Outline of Wendelstein 7-X and its magnet system.


Fig. 2: Radial profiles of important magnetic field properties.


Fig. 3: Waveforms of plasma discharges.


Fig. 4: Energy confinement times of Wendelstein 7-X.


Fig. 5: Temperature and density profiles for different magnetic configurations.


Fig. 6: Neoclassical modelling: radial electric field, energy fluxes and bootstrap current profiles.
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	11 September 2018
In the version of this Article originally published, and in the associated Publisher Correction, the members of the W7-X Team were not included. All versions of the Article, and the Publisher Correction, have now been amended to include these team members.


	03 July 2018
In the version of this Article originally published, A. Mollén’s affiliation was incorrectly denoted as number 10; it should have been 1. Throughout the Article, some technical problems in typesetting meant that the tilde symbol above b and one instance of a superscript 2 were too high to be visible; see the correction notice for details. Finally, the citation to ref. 35 on page one of the Supplementary Information was incorrect; it should have been to ref. 36. These issues have now been corrected.
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