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            Abstract
Venus has no significant internal magnetic field1, which allows the solar wind to interact directly with its atmosphere2,3. A field is induced in this interaction, which partially shields the atmosphere, but we have no knowledge of how effective that shield is at solar minimum. (Our current knowledge of the solar wind interaction with Venus is derived from measurements at solar maximum3,4,5,6.) The bow shock is close to the planet, meaning that it is possible that some solar wind could be absorbed by the atmosphere and contribute to the evolution of the atmosphere7,8. Here we report magnetic field measurements from the Venus Express spacecraft3 in the plasma environment surrounding Venus. The bow shock under low solar activity conditions seems to be in the position that would be expected from a complete deflection by a magnetized ionosphere9. Therefore little solar wind enters the Venus ionosphere even at solar minimum.
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                    Figure 1: 
Magnetic field measurements during pericentre fly-by.
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Figure 2: 
Bow-shock location and induced magnetopause boundary at Venus.
[image: ]



                


                
                    
                        
        
            
                Similar content being viewed by others

                
                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Rotating curved spacetime signatures from a giant quantum vortex
                                        
                                    

                                    
                                        Article
                                         Open access
                                         20 March 2024
                                    

                                

                                Patrik Švančara, Pietro Smaniotto, … Silke Weinfurtner

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Recent reductions in aerosol emissions have increased Earth’s energy imbalance
                                        
                                    

                                    
                                        Article
                                         Open access
                                         03 April 2024
                                    

                                

                                Øivind Hodnebrog, Gunnar Myhre, … Michael Schulz

                            
                        

                    
                        
                            
                                
                                    [image: ]

                                
                                
                                    
                                        Thermonuclear explosions on neutron stars reveal the speed of their jets
                                        
                                    

                                    
                                        Article
                                        
                                         27 March 2024
                                    

                                

                                Thomas D. Russell, Nathalie Degenaar, … Melania Del Santo

                            
                        

                    
                

            
        
            
        
    
                    
                
            

            
                References
	Phillips, J. L. & Russell, C. T. Upper limit on the intrinsic magnetic field of Venus. J. Geophys. Res. 92, 2253–2263 (1987)
Article 
    ADS 
    
                    Google Scholar 
                

	Luhmann, J. G. The solar wind interaction with Venus. Space Sci. Rev. 44, 241–306 (1986)
Article 
    ADS 
    
                    Google Scholar 
                

	Brace, L. H. & Kliore, A. J. The structure of the Venus ionosphere. Space Sci. Rev. 55, 81–164 (1991)
Article 
    ADS 
    
                    Google Scholar 
                

	Phillips, J. L. & McComas, D. L. The magnetosheath and magnetotail of Venus. Space Sci. Rev. 55, 1–80 (1991)
Article 
    ADS 
    
                    Google Scholar 
                

	Luhmann, J. G., Ledvina, S. A. & Russell, C. T. Induced magnetospheres. Adv. Space Res. 33, 1905–1912 (2004)
Article 
    ADS 
    
                    Google Scholar 
                

	Russell, C. T., Luhmann, J. G. & Strangeway, R. J. The solar wind interaction with Venus through the eyes of the Pioneer Venus Orbiter. Planet. Space Sci. 54, 1482–1495 (2006)
Article 
    ADS 
    CAS 
    
                    Google Scholar 
                

	Zhang, T. L. et al. Magnetic field investigation of the Venus plasma environment: expected new results. Planet. Space Sci. 54, 1336–1343 (2006)
Article 
    ADS 
    
                    Google Scholar 
                

	Titov, D. V. et al. Venus Express science planning. Planet. Space Sci. 54, 1279–1297 (2006)
Article 
    ADS 
    
                    Google Scholar 
                

	Spreiter, J. R., Summers, A. L. & Rizzi, A. W. Solar wind flow past nonmagnetic planets. Venus Mars Planet. Space Sci. 18, 1281–1299 (1970)
Article 
    ADS 
    
                    Google Scholar 
                

	Slavin, J. A. et al. The solar wind interaction with Venus: Pioneer Venus observations of bow shock location and structure. J. Geophys. Res. 85, 7625–7641 (1980)
Article 
    ADS 
    
                    Google Scholar 
                

	Russell, C. T. et al. Solar and interplanetary control of the location of the Venus bow shock. J. Geophys. Res. 93, 5461–5469 (1988)
Article 
    ADS 
    
                    Google Scholar 
                

	Verigin, M. I. et al. Plasma near Venus from the Venera 9 and 10 wide-angle analyzer data. J. Geophys. Res. 83, 3721–3728 (1978)
Article 
    ADS 
    
                    Google Scholar 
                

	Zhang, T. L., Luhmann, J. G. & Russell, C. T. The magnetic barrier at Venus. J. Geophys. Res. 96, 11145–11153 (1991)
Article 
    ADS 
    
                    Google Scholar 
                

	Riedler, W. et al. Magnetic fields near Mars: first results. Nature 341, 604–607 (1989)
Article 
    ADS 
    
                    Google Scholar 
                

	Bertucci, C. et al. Magnetic field draping enhancement at the Martian magnetic pileup boundary from Mars Global Surveyor observation. Geophys. Res. Lett. 30 1099 10.1029/2002GL015713 (2003)
Article 
    ADS 
    
                    Google Scholar 
                

	Slavin, J. A. et al. Solar wind flow about the terrestrial planets. 2. Comparison with gas dynamic theory and implications for solar-planetary interactions. J. Geophys. Res. 88, 19–35 (1983)
Article 
    ADS 
    
                    Google Scholar 
                

	Zhang, M. H. G., Luhmann, J. G., Kliore, A. J. & Kim, J. A post-Pioneer Venus reassessment of the Martian dayside ionosphere as observed by radio occultation methods. J. Geophys. Res. 95, 14829–14839 (1990)
Article 
    ADS 
    
                    Google Scholar 
                

	Zhang, T. L., Luhmann, J. G. & Russell, C. T. The solar cycle dependence of the location and shape of the Venus bow shock. J. Geophys. Res. 95, 14961–14967 (1990)
Article 
    ADS 
    
                    Google Scholar 
                

	Ness, N. F., Behannon, K. W., Lepping, R. P. & Schatten, K. H. Use of two magnetometers for magnetic field measurements on a spacecraft. J. Geophys. Res. 76, 3565–3573 (1971)
ADS 
    
                    Google Scholar 
                

	Russell, C. T., Strangeway, R. J. & Zhang, T. L. Lightning detection on the Venus Express mission. Planet. Space Sci. 54, 1344–1351 (2006)
Article 
    ADS 
    
                    Google Scholar 
                


Download references




Acknowledgements
The work at Graz is partially supported by the ASAP. The work at TU-Braunschweig is supported by Astrium-EADS. The work in Imperial College is supported by the Particle Physics and Astronomy Research Council (PPARC). The work at UCLA was supported by the National Aeronautics and Space Administration. The work in Slovakia is supported by the Slovak Research and Development Agency. The work in China is supported by the CAS International Partnership Program for Creative Research Teams.
Author Contributions T.L.Z. is the principal investigator of the Venus Express magnetic field investigation.


Author information
Authors and Affiliations
	Space Research Institute, Austrian Academy of Sciences, A-8042 Graz, Austria
T. L. Zhang, M. Delva, W. Baumjohann, G. Berghofer, H. K. Biernat, H. Lammer, H. Lichtenegger, W. Magnes, R. Nakamura, K. Schwingenschuh, M. Volwerk, Z. Vörös & W. Zambelli

	Institut für Geophysik und Extraterrestrische Physik,, 
H.-U. Auster, K.-H. Fornacon, K.-H. Glassmeier & I. Richter

	Institut für Theoretische Physik, TU Braunschweig, D-3300 Germany , 
U. Motschmann

	Imperial College, London SW7 2BZ, UK
C. Carr & A. Balogh

	 IGPP, University of California, Los Angeles, California 90095, USA , 
C. T. Russell & H. Schwarzl

	Swedish Institute of Space Physics, Kiruna, S-98128, Sweden
S. Barabash

	University of Sheffield, Sheffield S1 3JD, UK
M. Balikhin & S. A. Pope

	 Institute of Experimental Physics, Slovakia Academy of Sciences, Kosice, 04353 Slovakia , 
K. Kudela

	 State Key Laboratory of Space Weather, Chinese Academy of Sciences, 100080 China , 
T. L. Zhang, J. K. Shi & C. Wang

	RSSD-ESTEC, Noordwijk 2000 AG, The Netherlands
J.-P. Lebreton


Authors	T. L. ZhangView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. DelvaView author publications
You can also search for this author in
                        PubMed Google Scholar



	W. BaumjohannView author publications
You can also search for this author in
                        PubMed Google Scholar



	H.-U. AusterView author publications
You can also search for this author in
                        PubMed Google Scholar



	C. CarrView author publications
You can also search for this author in
                        PubMed Google Scholar



	C. T. RussellView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. BarabashView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. BalikhinView author publications
You can also search for this author in
                        PubMed Google Scholar



	K. KudelaView author publications
You can also search for this author in
                        PubMed Google Scholar



	G. BerghoferView author publications
You can also search for this author in
                        PubMed Google Scholar



	H. K. BiernatView author publications
You can also search for this author in
                        PubMed Google Scholar



	H. LammerView author publications
You can also search for this author in
                        PubMed Google Scholar



	H. LichteneggerView author publications
You can also search for this author in
                        PubMed Google Scholar



	W. MagnesView author publications
You can also search for this author in
                        PubMed Google Scholar



	R. NakamuraView author publications
You can also search for this author in
                        PubMed Google Scholar



	K. SchwingenschuhView author publications
You can also search for this author in
                        PubMed Google Scholar



	M. VolwerkView author publications
You can also search for this author in
                        PubMed Google Scholar



	Z. VörösView author publications
You can also search for this author in
                        PubMed Google Scholar



	W. ZambelliView author publications
You can also search for this author in
                        PubMed Google Scholar



	K.-H. FornaconView author publications
You can also search for this author in
                        PubMed Google Scholar



	K.-H. GlassmeierView author publications
You can also search for this author in
                        PubMed Google Scholar



	I. RichterView author publications
You can also search for this author in
                        PubMed Google Scholar



	A. BaloghView author publications
You can also search for this author in
                        PubMed Google Scholar



	H. SchwarzlView author publications
You can also search for this author in
                        PubMed Google Scholar



	S. A. PopeView author publications
You can also search for this author in
                        PubMed Google Scholar



	J. K. ShiView author publications
You can also search for this author in
                        PubMed Google Scholar



	C. WangView author publications
You can also search for this author in
                        PubMed Google Scholar



	U. MotschmannView author publications
You can also search for this author in
                        PubMed Google Scholar



	J.-P. LebretonView author publications
You can also search for this author in
                        PubMed Google Scholar





Corresponding author
Correspondence to
                T. L. Zhang.


Rights and permissions
Reprints and permissions


About this article
Cite this article
Zhang, T., Delva, M., Baumjohann, W. et al. Little or no solar wind enters Venus’ atmosphere at solar minimum.
                    Nature 450, 654–656 (2007). https://doi.org/10.1038/nature06026
Download citation
	Received: 13 February 2007

	Accepted: 07 June 2007

	Published: 29 November 2007

	Issue Date: 29 November 2007

	DOI: https://doi.org/10.1038/nature06026


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

                
                    	
                            
                                
                                    
                                        BepiColombo mission confirms stagnation region of Venus and reveals its large extent
                                    
                                

                            
                                
                                    	M. Persson
	S. Aizawa
	G. Murakami


                                
                                Nature Communications (2022)

                            
	
                            
                                
                                    
                                        The BepiColombo–Mio Magnetometer en Route to Mercury
                                    
                                

                            
                                
                                    	W. Baumjohann
	A. Matsuoka
	A. Fujimoto


                                
                                Space Science Reviews (2020)

                            
	
                            
                                
                                    
                                        Solar Wind Interaction and Impact on the Venus Atmosphere
                                    
                                

                            
                                
                                    	Yoshifumi Futaana
	Gabriella Stenberg Wieser
	Janet G. Luhmann


                                
                                Space Science Reviews (2017)

                            
	
                            
                                
                                    
                                        Comparing Solar Minimum 23/24 with Historical Solar Wind Records at 1 AU
                                    
                                

                            
                                
                                    	L. K. Jian
	C. T. Russell
	J. G. Luhmann


                                
                                Solar Physics (2011)

                            
	
                            
                                
                                    
                                        Observations and Models of the Long-Term Evolution of Earth’s Magnetic Field
                                    
                                

                            
                                
                                    	Julien Aubert
	John A. Tarduno
	Catherine L. Johnson


                                
                                Space Science Reviews (2010)

                            


                

            

        
    

            
                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 — 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: ]
